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EVERY naturalist is aware that many species of insects, particularly of hymeno-
pterous insects, which live in society, maintain a degree of heat in their dwellings con-
siderably above that of the external atmosphere, but no one, I believe, has hitherto
demonstrated the interesting facts that every individual insect when in a state of
activity maintains a separate temperature of body considerably above that of the sur-
rounding atmosphere, or medium in which it is living, and that the amount of tempe-
rature varies in different species of insects, and in the different states of those species.
Previously, therefore, to considering the connection which subsists between the evo-
lution of animal heat and the functions of respiration and circulation in insects, I
shall endeavour to prove that every species maintains a distinct temperature of body,
the amount of which differs in the different states of the insect.

I was first led to the particular consideration of the subject of temperature in in-
sects by some observations on the temperature of wild bees in their natural haunts,
which were made by myself at Richborough, near Sandwich in Kent, in the autumn
of 1832, at the suggestion of Dr. MarsuaLL HavrL, for the purpose,—similar to that
of my observations on respiration, as noticed on a former occasion*,—of ascertaining
what relation, if any, subsists between the natural heat of these insects in their hyber-
nating condition and the irritability of their muscular fibre. The results of these
observations on the temperature of Bees are shown on Table III., Nos. 1 to 14,
and together with many other facts connected with the physiology of insects were
communicated to Dr. HaLL a short time afterwards-j. These observations were

* Philosophical Transactions, Part II. 1836, p. 551.

+ In submitting these observations on the Temperature of Insects to the consideration of the Royal Society,
I have felt myself imperatively called upon to make the above remark, in explanation of the nature of my sup-
posed obligations to Dr. MarsrarLL Harr, with regard to this and other subjects connected with the Physio-
logy of Insects, in consequence of certain misrepresentations which were made on a recent occasion respecting
my communications with that gentleman; and I beg further to state, that many of the views here advanced
respecting the temperature of insects, and also most of the subjoined Tables, particularly those on the tempera-
ture of the Hive Bee, from the commencement of my observations to the month of May 1836, were commu-
nicated by myself to Dr. MarsaaLL HALL, at his own particular request, in the beginning of July 1836, in the

presence of my intelligent friend, and late pupil, Mr. Jouxr OsBorN, who assisted me in making the observa-
tions, and unto whom I am indebted for much valuable assistance during my investigations.
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260 MR. NEWPORT ON THE TEMPERATURE OF INSECTS.

made in the usual manner, by placing a considerable number of insects of the same
species together, and then introducing the thermometer among them. But it was a
few days previously to making these observations that I first noticed the interesting
fact, that each individual insect maintains its own temperature, which is perceptible
externally by the thermometer, and that the amount of this varies in the different
conditions of the same insect. The observation was first made on the larva of Sphinx
Atropos, LiNN., and on that of Pygwra bucephala, StepH., as will presently be
shown.

During the time I have been engaged in preparing the present communication
I have become acquainted, through the kindness of Dr. ForgEs of Chichester, with
the recently published views of Dr. BErTaoLD, of Gottingen, who has made a series
of observations on the temperature of cold-blooded animals*, and among them several
on insects, somewhat similar to those which I now have the honour of submitting to
the Society. But excellent as are the views of that gentleman, he does not appear
to have paid sufficient attention to the conditions of activity or rest in the insects at
the time of making his experiments, and consequently has omitted to observe the
important fact of the existence of a distinct temperature of body in individual in-
sects+-, and also those circumstances which augment or lessen its amount, and has
estimated the temperature by placing many individuals together, which, as will pre-
sently be seen, is open to several objections. Dr. BErTHOLD has, however, anticipated
me in the expression of one opinion, unto which we have mutually been led by our ob-
servations, viz. that at all events the higher classes of invertebrated animals ought not
to be considered as cold-blooded, since it is found that under certain conditions they
have a temperature of body higher than that of the surrounding medium. Hausmanny
made an observation as long ago as the year 1803, which ought to have led to a proper
understanding of the nature of the temperature of insects. IHe placed a perfect spe-
cimen of Sphinxz Convulvuli, LINN. in a small glass phial when the temperature of the
atmosphere was 17° Reaum. (70°25 Fanr.), together with a small thermometer, and at
the expiration of half an hour the temperature of the phial was 19° Reauvm. (74>75
Fanr.), but soon afterwards he found that the temperature of the phial had sunk again
to the previous standard 17° Reaum. He then repeated the observation with six spe-
cimens of Carabus hortensis, LINN. with similar results. From what will subsequently
be shown respecting the temperature of Carabi, which do not develop so large a
quantity of heat, it is very probable, as suggested by Dr. BErrHOLD§, that the results
obtained by Hausmann arose from the bottle which contained the insects being touched
by the hand of the operator. Dr. BErTHOLD has observed this in his experiments,
~and I have constantly remarked the same thing myself when proper care was not

* New Experiments on the Temperature of Cold-Blooded Animals, by A, H. Berraosp, M.D., Gottingen,
1835.

+ Ibid. p. 36. Experiment 59.

¥ De Animalium exsanguinum Respiratione. Gotting. 1803. p. 68.
§ Neue Versuche, &ec., p. 11.
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taken to guard against its occurrence. RENGGER* observed a distinct temperature
in Melolonthee when many of them were collected together in an earthen vessel, but
could not detect a distinct temperature in water-insects, or in Caterpillars. Jucu+y
likewise made observations on the temperature of the bee-hive, the ant-hill, and on
the common Blister-flies. In a vessel containing a large quantity of the latter in-
sects, the Lytie, he found the thermometer rise several degrees above the tempe-
rature of the atmosphere. Dr. Davy, according to BErTHOLDY, in making observa-
tions on several species of insects, Scarabeeus pilularis, Lampyris, Blatta, Gryllus,
and Apis, found only a slight difference, except in the Gryllus, in which the difference
amounted to five or six degrees, while in the Scorpion and Centipede he found a
temperature lower than that of the atmosphere. Dr. BurmEIsTER, in his Manual,
recently translated by Mr. Suuckarp, has spoken of the temperature of insects, but
only of insects in society, and has referred to the observations of Jucn, REauMUR,
&ec., and although he believes in the existence of individual temperature in insects,
has given no observation of his own to prove the fact, while Dr. BErTHOLD, in the
work just noticed, (experiment 59,) made on a single insect, could not detect it, nor
could he do so in every species when the observation was made on a number of indi-
viduals collected together. It is evident, therefore, that although the existence of
individual temperature is inferred from experiments on insects collected together,
it yet remains to be proved that every individual insect in a state of activity invariably
maintains a certain amount of temperature, which is readily appreciable by the in-
struments we are enabled to employ.

Before detailing the results of my observations it is necessary to explain the manner
in which the observations themselves have been made, and to point out those circum-
stances which seem to have been overlooked by other inquirers in their experiments
on the temperature of insects. It is only by a careful attention to those circum-
stances that we are enabled to detect the existence of temperature in single insects,
and to understand the causes of its variations at different periods.

The thermometers employed by me on every occasion are of the smallest possible
calibre, with cylindrical bulbs about half an inch in length, and scarcely larger than
crow-quills, and are similar to those employed by Professor DanieL for the purpose of
ascertaining the dew point. They were made by Mr. NEwman of Regent Street, and
are graduated from zero, or from a few degrees below freezing to about 110° or 120°.
Whenever great delicacy of observation is required, in order to observe the varying
temperature of an insect during a state of partial rest, it is necessary to use the same
instrument for ascertaining the temperature of the atmosphere as for that of the in-
sect, otherwise a great difficulty will arise, from the well known circumstance that
two thermometers, be they ever so delicately constructed, and carefully compared

* Physiologische Untersuchungen iiber die thierische Haushaltung der Insecten. Tiibingen, 1817, p. 39.
1 Ideen zu einer Zoochemie, Bd. 1. 1800, p. 92.
i Neue Versuche, &ec. p. 12, 13.
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with each other, will seldom if ever both indicate precisely the same amount of tem-
perature in exactly the same space of time. The mode of taking the temperature is
either by allowing the insect to remain with the soft ventral surface of its abdomen
pressing against the bulb of the thermometer when in a state of rest, or by pressing
the thermometer firmly against its body when in a state of excitement, the insect
being held during the time between a pair of forceps covered with woollen, in order
that the contact of the fingers of the operator may not interfere with the correctness
of the observation by unnaturally increasing the temperature of the insect. It is also
further necessary to guard the hand with a glove, or non-conducting substance, to
prevent the thermometer itself from becoming affected by it during the experiment.
Much caution also is necessary when the same thermometer is employed to ascertain
the temperature both of the atmosphere and of the excited insect, to guard against
one very material source of error. It is necessary first to ascertain the temperature
of the atmosphere, and #2en that of the insect, because if this be not attended to, and
the experiment be made by taking the temperature of the insect before observing that
of the atmosphere, the moisture on the bulb of the instrument occasioned by the con-
densation of the cutaneous perspiration from the body of the animal will occasion
during its drying or evaporation, while taking the temperature of the atmosphere, an
indication of a lower amount of atmospheric temperature than what really exists, and
consequently the apparent difference between the temperature of the insect, pre-
viously taken, and that of the atmosphere, will be much too great, and thereby appear
to indicate a higher temperature than what the body of the insect really possesses.
When the temperature is taken during a state of rest, the thermometer is placed
beneath, and as completely covered by the abdomen of the insect as possible, while
a second thermometer, which has been very carefully compared with the first, is
placed on the same level with and at a short distance from it to indicate the tem-
perature of the atmosphere. When the temperature of active volant insects is to be
taken, it is preferable to inclose them singly in a small phial, introducing them with
the forceps as before, and being particularly careful not to touch the phial with the
fingers. The degree of activity or quiescence of the insect must always be parti-
cularly noticed, and also the number of inspirations. By attending to these facts we
acquire a knowledge of the amount of respiration compared with the quantity of
heat evolved, as indicated by the thermometer. The temperature of the insect taken
on the exterior of the body is always a little lower than that of the interior; but the
difference is not so great as might at first be imagined, so that I have generally pre-
ferred taking the exterior temperature, because the observations are then less com-
plicated by unnatural causes. The interior temperature is seldom if ever more than
a degree and a half, or at most two degrees above the exterior, and often not even
half a degree, when the insect is in a state of perfect rest. Perhaps it may be urged
as an objection, that when the bulb of the thermometer is applied to the exterior of
the body, it can seldom be so completely covered as to indicate the whole amount of
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heat developed. But this objection, although at first plausible, must be considered
valid only when the observations are made very quickly. But even were the objec-
tion substantiated it would be of but little consequence, because it is only the relative
amount of heat developed by one insect as compared with that of another, when the
observations on both are conducted in a similar manner, which is ultimately sought
for, it being almost impossible to ascertain the exact amount evolved by any single
insect. It may also be urged as an objection to this mode of taking the temperature
of insects in a state of excitement, that when an insect is respiring very rapidly, the
friction of the segments of its body against the bulb of the thermometer may evolve
a certain amount of heat independent of the natural heat of the insect, and thereby
indicate a higher temperature in the insect than that which really exists. In
order to meet this objection, I made a number of trials with my thermometers, by
using, as nearly as could be ascertained, about the same amount of attrition against
the bulb of the instruments as that which is exerted by the segments of the excited
insect during its laboured respiration and efforts to escape, and found that so small a
quantity of heat is evolved that it is not in the slightest degree indicated on the scale
of the thermometer. Hence I have not in general found it necessary to take the tem-
perature of the interior of the body, although I have done so in a few instances, be-
cause there are also other circumstances which interfere with the correctness of the
observation. The first of these is the large size of the instrument employed compared
with that of the body of the insect into which it is inserted, and the consequent ne-
cessary loss of a certain amount of caloric, which becomes latent in the thermometer,
before there is any indication of increased temperature on the scale, and because also
of the unavoidable escape of a large amount of caloric into the surrounding atmo-
sphere, and because still further it is only at the very instant after the introduction of
the thermometer into the body of the insect that the real perceptible amount of tem-
perature is indicated, while the insect under observation is every moment losing the
power of generating and of maintaining its temperature, owing to the injury that has
been inflicted upon it. These objections do not occur when the observations are made
on the exterior of the insect, which from its being uninjured, continues to possess its
power of generating heat unaffected by those circumstances which tend very mate-
rially to interfere with or destroy it, while a sufficient length of time is afforded for
the production of its full amount of heat after a certain quantity has become latent
in the thermometer, before the observation of the amount is taken.

These are the principal circumstances to be attended to in ascertaining the tem-
perature of insects, and which have directed me in my observations.
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I. Temperature of the different States of Insects.
1. The Larva.

The temperature of the larva is always lower than that of the perfect insect of the
same species, provided both individuals be in a similar state of activity relative to
their usual condition. This circumstance must never be neglected when making
comparative observations on the different states of the same insect. Thus the larva
of the more perfect hymenopterous insects, the common Humble Bees, Bombi, 4n-
thophoree, Eucerce, &c., which in all their stages have a temperature higher than
perhaps any other insects, in their active larva state vary from about 2° to 4° Faug.
above the temperature of the surrounding medium, while the same individuals in their
perfect state, when moderately active, have a temperature of from 3° to 8° or 10° Faugr.
higher than that medium; but when the same insect is very greatly excited the
amount of difference is raised to a much greater extent. There is a similar difference
between the temperature of the larva of the common Flesh Fly, Musca vomitoria, LiNn.
and that of its perfect insect, only that the amount is not so great as in the hyme-
nopterous insects. In the Musca the amount of temperature in the larva state seldom
exceeds 15, and in the perfect perhaps not more than 2°5, above that of the sur-
rounding medium. It is probable that this estimate of the difference between the
larva and perfect state of dipterous insects may be rather too little, owing to the
difficulty of making observations on these insects individually, their small size ren-
dering precision in the experiment almost impossible. But the fact is sufficiently
clear that they have not so high a temperature as hymenopterous insects. The same
difficulty does not exist in making observations on large insects, particularly on the
large soft-bodied larvze of the Sphinges, and accordingly it is found that in these lepi-
dopterous insects we are better enabled to ascertain the maximum amount of heat
evolved by the larva, and the difference which exists between its powers of generating
heat and that of its perfect insect. This difference is greater in lepidopterous insects
than in dipterous, and approaches nearer to the hymenopterous. It was in the larvee
of lepidopterous insects that I first observed the existence, and the varying amount
of temperature in individual insects. These observations were commenced in Sep-
tember 1832. At 2% p.m. September 14, the temperature of the atmosphere being
62°5 FaHR., the bulb of a thermometer was applied to the under surface of the body
of a full-grown larva of Sphinx Atropos, LINN., which had discontinued feeding pre-
paratory to undergoing its transformation. The insect then weighed 365% grains.
Previously to the observation it had been fora considerable time in a state of violent
excitement, and was moving about with great rapidity. Its temperature, as indi-
cated by the thermometer, was then 70° Fanur., or 75 higher than that of the atmo-
sphere. This, however, was much higher than its real temperature, which is probably
not more than 3°, and was occasioned, as I subsequently had reason to believe, by
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holding the insect in my hand while making the observation. At 124 midnight, at-
mosphere 605, the larva perfectly at rest had a temperature of only 61° Faur.; and
at 7 o’clock on the following morning, September 15, having remained perfectly quiet
and apparently asleep since the last observation, the temperature of the atmosphere
continuing at 60°5 Fanr., when the bulb of the thermometer was gently pressed
against its side without disturbing it, and allowed to remain there for a quarter of
an hour, the mercury was not perceptibly affected, the temperature of the larva, now
in a complete state of rest, being exactly that of the surrounding atmosphere. Ob-
servations in every respect similar to these were also made at the same time on the
larva of the Bull-headed Moth, Pygwra bucephala, StepH. At midnight the tem-
perature of the atmosphere, as before stated, being 605, the thermometer was ap-
plied to the under surface of a larva that had been lying perfectly at rest for several
hours, and although it now became slightly aroused its temperature was only 61° Fanr.
At 7 on the morning of the 15th, the larva still perfectly quiet, and the thermometer
placed in contact with it, and, as with the Sphinx Atropos, allowed to remain for a
quarter of an hour, there was no indication of any increase of temperature, the tem-
perature of the insect being exactly that of the atmosphere; but a few hours after-
wards, when the thermometer was again applied to the same insect, which had be-
come slightly active, the mercury rose to 60>5, the temperature of the atmosphere
being then 60° Fanr. At 6} on the morning of the 17th the observations on this
species were repeated. The temperature of the atmosphere was then 62° Fanr.; and
when the bulb of the thermometer was applied to a full-grown larva, which had been
remaining several hours at rest, the mercury rose very nearly to 63° Faur. The ob-
servation was then repeated on several other individuals of the same species, which
had been lying at rest, and with precisely similar results. The bulb of the thermo-
meter was then placed in a box which was filled with these larvee, and being com-
pletely covered with them was suffered to remain for ten minutes, during which time
they were in a state of great activity, and the mercury rose to 63°3 Faur., a differ-
ence of 1°3 Fanr. Subsequent observations on the temperature of other species of
lepidopterous insects confirmed these observations; and it was remarkable that the
amount of temperature in the larve of different tribes of this order is pretty nearly
the same. On the 26th of June 1834 I examined the full-grown larva of Pavonia
minor, which like the preceding species had been at rest for several hours, and found
that the temperature of the atmosphere being 68°, the temperature of the insect was
only 68°3. The insect then became a little excited, and the mercury rose to 687 ;
and when still further excited to 68°9, and ultimately to 69°3, being a difference of
1°-3 above that of the atmosphere, thus proving that the temperature of an insect in-
creases immediately it becomes active, and that the increase is in proportion to the
degree of activity, and probably also to the quantity of respiration of the insect.
From these facts it is sufficiently clear that individual insects possess a temperature
of body above that of the surrounding medium, and that the amount is not constant
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in the same insect, but varies according to certain conditions of the insect. These
views were still further confirmed and extended by observations on the Sphinx /-
gustri, S. populi, S. ocellata, LiNN., and Cerura vinula, StepH. The first and last of
these insects, from their large size and frequency of occurrence, afford us the means
of ascertaining all the facts connected with the temperature of larvae, and are those
on which most of my subsequent observations have been made. It is at about the
fifth or sixth day after the larva of Sphinx ligustri has assumed its last skin, that it
evolves the greatest quantity of heat. It then feeds most voraciously, and usually
weighs about 80 grains. Its greatest temperature is then 1°3 above the temperature
of the atmosphere. I have seldom or ever found it higher, while on the eighth or
ninth day it seldom exceeds nine tenths, and a little while before its change into the
pupa state perhaps not more than five tenths. Its quantity of respiration at that time
is diminished, and its temperature is reduced by copious cutaneous perspiration,
which becomes very apparent when the insect is much excited. The difference which
exists in the maximum amount of heat generated by the larvae of different species of
the same class of insects, appears to have some reference to the habits of those species.
The greatest amount, so far as I have yet ascertained, excepting only the Sphinx
Atropos before noticed, appears to be generated by the larva of the Puss Moth, Cerura
vinula, StEPH., which usually lives on the boughs of trees, and subsequently undergoes
its changes on the trunk or limbs of the tree a few feet from the ground, has a higher
temperature of body, and a quicker circulation of its fluids than the larva of the
Sphinx, which undergoes its changes in the earth. The larva of the Cerura in its
most active condition sometimes has a temperature of 1°8, or nearly half a degree
higher than the Sphinx; but I have not observed the same difference between the
temperatures of the perfect insects of these species, both of which constantly reside
in the open air. The amount of difference between the perfect insect and larva in
these species, like that of the hymenopterous insects, is very great. A perfectly
healthy specimen of Sphinz ligustri in its perfect condition after violent exertion, has
sometimes a temperature of nearly 8° above that of its larva. The usual difference is
about 5° and the same is the case with the Cerura. ‘

When the internal temperature of a larva of the Sphinx or Cerura is taken, it is
found to vary from 5 of a degree to 1° above that of the external. But all observa-
tions on the internal temperature of larvee, more particularly of soft-bodied larvze,
are necessarily uncertain, on account of the reasons before stated. Still it is some-
times desirable to ascertain its amount, particularly when the specimens have been
kept in a steady medium. When the internal temperature of the larva of Anthophora
retusa, STEPH. is taken with the necessary care, it is found to be nearly or quite a
degree above that of the exterior; but the difficulty in making correct observations
on these larvee is exceedingly great, owing to the rapidity with which they part with
their natural heat when exposed to a varying medium. IHence when the observations
are attempted to be made, even with regard to external temperature, in the natural
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‘haunts of these insects, they seldom afford very satisfactory results. In order there-
fore to ascertain the real temperature of these larvee I collected a number of separate
nidi, each of which inclosed a larva, and placed them for a few days in a room, the
temperature of which varied but very slightly. Each larva was then submitted to
observation immediately it was removed from its cell. The temperature of the room
in which the nidi were kept was 57° Faur. The first specimen examined had been
lying partly exposed for a short time, and the larva perhaps had thereby had its tem-
perature diminished. When the bulb of the thermometer was inserted into its ab-
domen the mercury rose only to 578, while its external temperature was scarcely
above that of the atmosphere. The second specimen had been better preserved from
exposure, but the mercury rose again only to 57°8. In a third, and apparently very
healthy specimen, it rose to 58°. In a fourth, in every respect healthy, to 60° for
about a moment, but rapidly sunk again to a little more than 59°; in a fifth it rose
also to 60°; in a sixth to 59°5; and in a seventh and eighth to 60°. On another oc-
casion, when the medium in which the larvee were kept was 57°3, the temperature of
the under surface of a larva was 60°, but when the bulb of a thermometer was care-
fully passed into its abdomen the mercury rose to 61° Faar. In the larvee of Musca
vomitoria, LINN., treated in a similar manner, the temperature of the atmosphere being
then 56°8, the mercury rose to 57°8, but was maintained at that height only for a
few seconds, owing to causes before noticed.

I have not yet had an opportunity of examining the larvee of coleopterous insects,
which judging from their similarity to those of the hymenopterous and dipterous
classes, it is fair to infer evolve a similar amount of heat. Neither have I been able
to examine the orthopterous and hemipterous larvee, which, from their approaching
very near to the condition of the perfect insect, probably differ but little in their pro-
duction of heat and the quantity of respiration.

2. The Pupa.

The pupa state being in all insects which undergo a complete metamorphosis a
condition of absolute rest, the temperature of the individuval is in general lower than at
any previous or subsequent period of its existence, and is only equal to, or at most but
very little above that of the surrounding medium. But in those insects which do not
undergo a complete metamorphosis, the temperature probably is intermediate between
that of the larva and perfect condition. In those species the individuals continue
active during their whole life. These exceptions include most of the hemipterous,
orthopterous, and a few coleopterous insects, and cannot properly be included under
the designation of pupa, the term being here intended to apply strictly to the lepi-
dopterous, dipterous, hymenopterous, and a few coleopterous insects.

The only periods during which the temperature of a pupa is higher than that of
the surrounding medium, are, first at the period of, or within a short time after its
change from the larva state, while it is still active, and respiring very freely, and be-
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fore it has completely subsided into a state of rest. At that time, when the whole of
its energies are called into activity in effecting its transformation, the temperature of
the pupa may be considerably higher than that of the surrounding medium. Thus I
have found it in the Sphinx, immediately after changing, equal to that of the active
larva. When the temperature of its cell in the earth was 68>3, the temperature of
the newly-changed pupa within it was 69%5, a difference of 1°2; but within a single
hour afterwards, while the body of the pupa was yet soft, the difference was scarcely
more than three tenths of a degree. So likewise when a pupa is very much disturbed
for the purpose of experiment, its temperature becomes considerably increased. Also
when the medium in which the pupa is living is suddenly diminished, or when the
pupa is removed from a warmer to a colder medium; and lastly, when the pupa,
aroused by the stimulus of gradually increasing external temperature, begins again
to respire freely, during a short time before it is developed into the perfect insect.
In each of these cases its temperature may be more or less high, according, in the
first place, to the rapidity with which the temperature of the surrounding medium
has been diminished, and in the second according to its quantity of respiration in a
given time. The increased temperature of a lepidopterous pupa arising, as it appears
to do, with increased respiration, is coincident with the power which the insect gra-
dually acquires before it is able to fissure its prison-house and liberate itself from the
puparium ; while the hymenopterous insect, which lives in society, and remains during
its nymph or pupa state inclosed in an almost impervious cocoon, has its tempera-
ture artificially increased by the incubation of insects already developed.

It is very shortly after an insect has entered the pupa state that its respiration is
diminished, and its temperature sinks down very nearly to that of the surrounding
medium. At 8 a.m., November 10, two pupee of Sphinz ligustri, which had remained
during several weeks with other specimens entirely undisturbed, were carefully re-
moved with the forceps into glass-stoppered phials, the temperature of which was
exactly that of the room in which the pupa had previously been kept. They were
examined during three succeeding days, the temperature of the atmosphere being also
very carefully noted. The temperature of the phials varied a little, but there was not
the slightest difference between the temperature of the atmosphere of the phials and
of their respective pupee, even when the thermometer was allowed to remain in con-
tact with the pupee for several minutes. The variations in the temperature of the
phials are shown in the following Table.

Tasre I. Temperature of Pupee.

Period of observation. Atmosphere. Phials. Diff. Remarks.
Nov. 10,1834, sot.8 | 554 | No.1. 534
No. 2. 534 |
vorn 13| 545 No. 1. 547 2 Pupa had been a little excited.

No. 2. 545

11rm. 1 515 No. 1. 516 1 Atmospheric temperature sinking.
No. 2. 516 ‘1

124w, 9 519 No. 1. 51:8 Atmospheric temperature rising.
No. 2. 519

13 Ao, 9% 509 No. 1. 51 ‘1 Atmospheric temperature sinking,
No. 2. 51-1 2
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From these observations it is seen that when the pupa was disturbed there was a
slight evolution of heat; the amount of this was greatest when the temperature of
the atmosphere was subsiding. But as it appears reasonable to infer, & priori, that
the internal temperature of the pupa may be higher than that of the surrounding
atmosphere, although the thermometer be not perceptibly affected when applied to
the thick exterior of the puparium, another specimen of the same insect was subjected
to examination. This specimen had been lying for several weeks on the surface of
the ground, in the shade, exposed to all the variations of the atmosphere. During
that period the temperature of the air had seldom been more than a few degrees
above freezing, while on the three nights immediately preceding the making of this
observation, on the morning of the 23rd of March, the temperature of the atmosphere
bad ranged from 2° to 4° Faur. below 32° Faur. On the night of the 22nd it was
from 3° to 4° below that standard. Under these circumstances there appeared to be
a favourable opportunity of ascertaining the real internal temperature of the pupa.
Accordingly at 7% a.m., atmosphere perfectly calm, and its temperature 326 Faur.,
and gradually but very slowly rising, an incision was made quickly with a pair of
scissors through the posterior part of the pupa, which was held for the moment
between a pair of forceps that had previously been cooled down to the temperature
of the atmosphere. The fluids of the insect instantly gushed out, and the entire cy-
lindrical bulb of a small thermometer was immediately passed into the body of the
pupa. It was the same thermometer which only a moment before had been used to
ascertain the temperature of the atmosphere. The mercury in the scale immediately
sunk to 32°3 Faur., or three tenths below that of the atmosphere, and it was main-
tained at that standard for fifteen minutes, while the temperature of the atmosphere
was still slowly rising. At the expiration of that time the pupa was slightly com-
pressed with the forceps, and its temperature rose slowly to 32°7, that of the atmo-
sphere being 32°8. In this cbservation there was not the objection of part of the
bulb of the thermometer being exposed, nor of evaporation taking place from the
surface of the wetted bulb. Hence it is fair to conclude that the internal tempera-
ture of a pupa, perfectly at rest, is scarcely above that of the surrounding medium,
when the temperature of that medium is stationary. We have still further evidence
that this is really the case, when instead of a single specimen a considerable number
of pupee are employed. When the bulb of a thermometer was completely covered
with the pupee of the Flesh Fly, Musca vomitoria, LiNn., the temperature of the atmo-
sphere being 56°5 Fanr., the mercury was not in the slightest affected, but continued
exactly at the same standard. But when the more delicate pupze, or nymphs, are
employed, as those of Bees, the temperature of a number of them which have been
somewhat disturbed is generally a little above that of the surrounding medium ; and
this is also the case when a single specimen is employed, if its temperature be taken
during the summer, when the nymph is active and preparing to pass into the perfect
state, as shown in Table I1I., No. 39. But this difference very soon becomes reduced
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by the greater rapidity with which insects in the condition of nymphs part with their
natural heat than even the larva; and this apparently is the reason why most hyme-
nopterous insects select those situations for their young which are found to be the
worst conductors of heat. This evidently is why the Anthophora incloses its larvee
in cells constructed in the vertical sections of banks of earth which are exposed to
the morning sun, and why the Hive and Humble Bees crowd over those cells
which are about to produce the perfect insect, when the inclosed nymphs are most in
need of increased temperature to invigorate them for the change they are about to
undergo.

3. The Imago, or Perfect State.

When an insect has assumed its last or perfect condition it has a higher tempera-
ture of body than at any other period of its life, and when in a state of activity is not
so much influenced by sudden changes of atmospheric temperature as in its earlier
states of existence as larva or pupa; and it has also a greater power of generating as
well as of maintaining its temperature. But it is not until some time after an insect
has assumed its perfect form that it is able to support its full temperature. This
period is longer or shorter, according to the habits of the species. When a lepido-
pterous insect leave its puparium with its whole body soft and delicate, and its wings
undeveloped and hanging uselessly like little buds from the sides of its thorax, it so
rapidly parts with its temperature that it appears to have a lower degree of heat than
at the time when it was about to pass from the larva to the pupa state, and it imme-
diately seeks a retired situation, where it may suspend itself vertically at rest, and
complete the development of what are now to become its most important organs of
locomotion. In effecting this development it is well known that the insect first begins
to breathe very deeply, and it continues to do so for a considerable time. The in-
spired air passes from the large air-sacs in the abdomen of the insect into the base of
the wings, with which the air-sacs have a direct communication* ; and while the
ramified tracheee in the wings are becoming elongated and distended, and the wings
in consequence developed, the temperature of the insect again begins to increase.
But it is not until the wings have become firm and fitted for flight that the insect is
enabled to generate its full amount of temperature. Thus in the Puss Moth, Cerurae
vinula, STEPH. half an hour after coming from the pupa the temperature of the insect
was only ‘2 of a degree above that of the atmosphere; at an hour afterwards '3 ; at
an hour and a half *‘6. During this period the insect was only in a moderate state of
activity. But at two hours and a half, and when a little more active, its temperature
amounted to one degree and two tenths; and on the following day, when perfectly
strong and excited as during rapid flight, it amounted to nearly 7° above that of the
atmosphere (Table V. Nos. 25 to 35.).

This is exactly the same with the Sphina ligustri, Linn. An individual which had

* Mr. Goapsy, Medical Gazette, April 2, 1836.
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only left the pupa state about an hour and a quarter had a temperature of only *4 of
a degree above the atmosphere; but at the expiration of two hours and a quarter,
when it had become strong and had just taken its first flight, it had a temperature of
5°2 (Table V. No. 7.); while another specimen, which had been longer exerting
itself in rapid flight, had a temperature of 9° above that of the atmosphere (Table V.
No. 12.). Now these very species in their larva state, as we have before seen, have
not more than 13 and 1°8 above that of the atmosphere. The circumstances con-
nected with the power of generating heat are nearly the same in the development of
hymenopterous as in lepidopterous insects, the only difference being that those hy-
menopterous insects which live in society have their heat augmented artificially before
leaving the cocoon or pupa case. But when the young bee comes forth it parts
with its temperature most rapidly, unless it be immediately protected by warmth af-
forded to it by the bodies of other individuals. But when the same insect a few
hours afterwards has become fully able to perform all the duties of its existence, it
sometimes has a temperature of perhaps 20° Faur. above that of the surrounding
medium, while the temperature of its larva is scarcely more than 3° or 4° Fangr.

During the whole of my observations I have not met with a single instance in
which I was unable to detect a certain amount of external temperature in perfect
insects in a state of activity, and it may therefore be regarded as proved that the
whole class develop a certain amount of external heat. This uniformity of results,
however, has not been observed in the experiments by Dr. BerraoLD ¥, before alluded
to, and I can only attribute the discrepancy which exists between his observations
and my own, to the circumstance of his omitting to attend particularly to the degree
of activity or rest in the insects on which he expel;imented. I am the more inclined
to attribute it to this omission, because in his 58th experiment, page 36, he says that
in “twenty chamber flies there was no development of heat or external temperature,”
the observation being made in a steady atmospheric temperature of 17 Reaumunr
(70°25 Faur.). In my own observations upon insects of this order, as in an experi-
ment with about the same number of specimens of Musca vomitoria, LINN. in their
perfect state, the atmosphere being about 52° Faur., the insects in a state of activity
evolved from 1° to 1°°9 Faur. of external heat, while in the same individuals in a state
of partial rest the amount of heat did not exceed ‘6 of a degree. Again, in Dr. Ber-
THOLD’Ss 59th experiment, which evidently was made in order to ascertain whether
single insects evolve any appreciable heat, the bulb of a thermometer was passed
into the body of a “ single chaffer,” through an opening under the wing-covers, and
examined half-hourly for about two or three hours, but no heat was detected. In
several experiments made by myself in a similar manner to this by Dr. BErTHOLD,
particularly on the Melolontha vulgaris, Stepn. (Table VI. Nos. 45 to 52), the amount
of heat developed varied from 2° to 9° above that of the atmosphere, and was always
in proportion to the activity of the insect.

* Neue Versuche, &ec., p. 36.
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These facts are sufficient to prove that insects have a high temperature of body,
and that it is higher in their perfect than in their larva or'infant condition. They
also beautifully accord with the facts ascertained, and the views deduced from them
by Dr. Epwarps, respecting the difference between the temperature of the young
mammiferous animals and their perfect adults.

I1. Temperature of Insects as influenced by various conditions.

Abstinence, Inactivity, Sleep, Hybernation and inordinate Excitement.

1. Abstinence.

Having shown the difference between the temperature of the larva and perfect in-
sect in a state of activity, we come next to the consideration of certain conditions
under which the temperature both of the perfect insect and of the larva will some-
times subside, almost to that of the surrounding medium. When an insect, whether
it be in its earlier or later condition, has been long deprived of food, its power of ge-
nerating and of maintaining its natural heat is diminished. But this diminution of
power does not keep pace with the length of time it has been fasting, but is only in
an inverse degree. In the larva of Sphina ligustri, Table XII., and in Acrida viri-
dissima, Table VL. Nos. 9 to 16, the amount of heat is much below the usual quantity
evolved when the insect is not deprived of food, and in a state of activity. When
the proper quantity of food is again supplied to these insects, their respiration is re-
stored to its original condition, and they again evolve a full amount of heat. When
a larva that has been deprived of food, or has been fed sparingly, is preparing for
transformation, its natural temperature is reduced to within two or three tenths of a
degree of that of the surrounding medium. This was the case with the larva of
Cerura vinula, Stepn. (Table X. No. 30, B.), which although actively employed
spinning its cocoon, had, at one time, a temperature of only two tenths of a degree
above that of the atmosphere; while the other specimen, No. 1. A, which had been sup-
plied with its full amount of food of proper quality, had a temperature under similar
circumstances, and almost at the same hour, of 7 tenths above that of the atmosphere.
In another larva of Sphinx ligustri, which having been inadequately supplied with
food soon after it had assumed its last skin, and thereby retarded three or four days
beyond the usual period before it began to prepare for transformation, the tempera-
ture of its body, while in the state of the greatest muscular excitement in attempting
to rupture and cast off its exuviee, was only '3 tenths of a degree above that of the
atmosphere,

2. Inactivity.

Another source of diminished temperature in insects is inactivity. In this condi-
tion, as in a state of abstinence, the quantity of respiration is also diminished. When
an insect becomes quiet, after having continued for some time in a state of moderate
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activity, its temperature gradually subsides, and continues to be diminished:in pro-
portion to the length of time it remains inactive, until it has approached very near to
the temperature of the atmosphere. Thus many of those insects which have a com-
paratively high temperature when in a state of active exertion in the early part of the
summer, have their temperature greatly reduced when they become inactive at the
end of autumn ; and when an insect passes from a state of inactivity into that of na-
tural sleep, its temperature subsides even during summer, very nearly to that of the
surrounding medium. This was the case with the larvee of Sphinxz Atropos and
Bombyx bucephala, as shown in the observations on larvee.

3. Sleep.

All insects enjoy a periodical state of repose, or natural sleep. They are endowed
with this privilege of life for the renovation of their voluntary energies in common
with other animals. It is at this period that the involuntary functions of the body,
which, together with the voluntary, are exercised to their utmost amount during the
willing activity of the individual, begin steadily to subside, in order to restore the
equilibrium which ought to exist between the healthy capability of the organs em-
ployed and the amount of energy expended. Respiration, circulation, digestion,
and the evolution of animal heat are all diminished, until a fresh amount of voluntary
power is again generated, and the animal is aroused to the enjoyment of it either
by its superabundance, or through the agency of external stimuli. It is no small
amount of this privilege that is enjoyed by insects. I have witnessed sleeping in
almost every order of insects, and am satisfied that they enjoy as great a proportion
of rest as any other animals. Many insects will remain in a state of rest during ten,
twelve, or twenty hours at a time, even in their seasons of activity, influenced as
they are by external stimuli. Every one is aware that the common May Chaffer, Me-
lolontha vulgaris, will often continue sleeping on the leaves of the lime tree throughout
the whole of a fine summer’s day, and not become active until near sunset. The case
is the same with nearly the whole tribe of Sphinges and Moths, while many Butter-
flies which are active during sunshine, will often remain for two or three days, when
the weather is gloomy, affixed to the very same spot. The common Honey Bee, Apis
mellifica, Linn., notwithstanding the bustle and activity of the hive, enjoys its share
of repose as well as other insects, even amidst the apparent commotion of its own
dwelling. Husgr observed that his bees often inserted their heads and part of their
bodies into the empty combs, and remained there for a considerable time. They
were then quietly sleeping in the cells. At other times they appear to sleep for short
intervals on the surface of the combs. I have seen them towards the latter end of
summer sleeping in the cells in great numbers for many hours together. It is there
also where many of them pass a portion of their winter, doubtless in a state of hyber-
nation, or most profound sleep ; and it is an interesting fact, that this inactivity of
the inhabitants of the hive during winter, is accompanied by a diminution of heat in
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their dwelling, as I shall presently have an opportunity of proving. The common
Humble Bee, Bombus terrestris, even in the month of April, will continue in a state
of rest* approaching to the condition of hybernation for at least twenty hours, while
its temperature becomes diminished in proportion to the diminution of its quantity
of respiration, which also is diminished in proportion to the length of time it remains
in a state of rest. This is always the case with insects when the temperature of the
surrounding atmosphere is stationary. But if the temperature of the atmosphere is
gradually increasing when an insect is passing into a state of repose, the temperature
of the insect will continue to rise also, accompanying that of the atmosphere, but not
so rapidly as it would have done were the insect in a state of activity, so that the
temperature of the air and of the insect will at length arrive at exactly the same level;
and if, when this is the case, the temperature of the atmosphere continues rising, that
of the insect will also accompany it for a certain time; but if the increase of atmo-
spheric temperature be very rapid, the temperature of the insect will at length be
found to be one or two tenths of a degree below that of the atmosphere. When this
has happened the insect generally becomes slightly aroused, fetches one or two deep
inspirations, and its temperature very quickly rises to that of the atmosphere, while
the insect_relapses again into its previous slumber. On the other hand, if the tempe-
rature of the atmosphere be gradually diminishing, that of the insect will also con-
tinue to be diminished, but will remain for a longer period higher than that of the
atmosphere when the atmosphere is rising, or is remaining stationary, since the in-
sect during sleep can neither acquire nor part with its heat so rapidly as the atmo-
sphere around it. But if the temperature of the atmosphere continues to subside
rapidly, the temperature of the insect during the whole period of its most profound
sleep may continue considerably higher than that of the surrounding medium. These
facts may be readily demonstrated by careful observations on the smooth-bodied
larvee of Lepidoptera, the best of which for this purpose are the larvee of the Sphinges,
in which besides the varying amount of temperature, the correspondent rate of pul-
sation may also be observed with great accuracy. The larva of Sphinz ligustri upon
which the observations detailed in Table No. II. were made, had arrived at the
seventh day of its age after assuming its last skin, or at about the thirtieth day
after coming from the egg, and consequently was nearly full grown, and beginning
to feed rather less voraciously than on the two preceding days. At the time my ob-
servations were commenced it had been lying at rest about an hour, having fed plen-
tifully in the morning. The whole period of observation, throughout which it was
sleeping almost uninterruptedly, was about nine hours. During this period the
thermometer was allowed to remain entirely undisturbed on a table in close contact
with the ventral surface of the insect, while a second thermometer, with which the
one employed to take the temperature of the insect had been carefully compared,
was used to take the temperature of the atmosphere, which throughout the obser-

* Philosophical Transactions, 1836, Part II., p. 555, Table I., No. 27.
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vations was perfectly calm. Thrice during this period of repose the insect became
slightly aroused, and each time, as shown on the Table, the number of its pulsations
and its temperature slightly increased, but subsided again as the insect relapsed into
its previous condition. Once also it was disturbed by the passing of excrement, im-
mediately after which there was a slight increase of its temperature, and of the pul-
sation of its dorsal vessel, and the insect continued awake for a few minutes, but
having relapsed into its former sleep its temperature and pulsation again subsided.

Tasre II.

Exhibiting the diminished temperature of body during sleep, and also a coincident
diminution in the rate of pulsation of the dorsal vessel in different conditions of the
insect during the last three days of the larva state of the Sphinz Ligustri, Linn.

No. Species. Period of Observation. s‘;ﬁ'&‘)e" Insect. sznfz‘(;r. lz‘lgia' Weight.|Faeces.|Loss.| Age. Remarks.
1834, 11kl @3 9.l After last ch, f ski
1 |Sphinx ligustri, larva...| Aug. 29. a.. 11 15| 66:8| 67:3| 5 | 27 . { o ot change of skin,
2 |Sphinx ligustri, larva... A 11 30 67:6) 680 4 27 Sleeping. it
3 |Sphinx ligustri, larva... Ao 11 40) 67+8| 681 3 28 Sleeping.
4 |Sphinx ligustri, larva... Ao 11 45) 6801 682 2 29 Sleeping.
5 |Sphinx ligustri, larva... A 11 50) 684 68:6| 2 | 30 ««|Sleeping.
6 |Sphinx ligustri, larva... Ao 12 0] 685 686 1 30 ««|Sleeping.
7 |Sphinx ligustri, latva... am. 12 8 688} 68:9| -1 31 .«|Sleeping.
8 |Sphinx ligustri, larva... Ao 12 15| 69-11 691 0 32 Sleeping.
9 |Sphinx ligustri, larva... A 12 23| 69-21 692 0 | 31 Sleeping,
10 [Sphinx ligustri, larva... Aom. 12 30 69:3| 694 1 33 Sleeping,but slightly aroused.
11 [Sphinx ligustri, larva... roM. 12 38| 695 695 0 31 +e:|Sleeping,
12 |Sphinx ligustri, larva... e, 12 450 6961 696 0 | 32 Sleeping,
13 [Sphinx ligustri, larva... r.m. 12 50) 65-7) 697 -0 | 32 Sleeping,
14 |Sphinx ligustri, larva... rvm. 1 016971697 0 | 32 Sleeping,
15 |Sphinx ligustri, larva... ey, 1 8 698|698 0 | 82 Sleeping,
16 |{Sphinx ligustri, larva... r.m. 1 15 699 69:9| -0 32 Sleeping,
17 |Sphinx ligustri, larva... e, 2 0] 697|698 -1 | 31 Sleeping.
18 |Sphinx ligustri, larva... r.M. 2 45| 696 697 -1 31 ..|Sleeping.
19 |Sphinx ligustri, larva... rM. 3 15| 69:2| 696| 4 | 30 ..|Sleeping,
20 |Sphinx ligustri, larva... rM. 3 30 693| 696| 3 30 Sleeping,
21 |Sphinx ligustri, larva... ry. 4 0] 693} 698 5 30 Sleeping,
22 |Sphinx ligustri, larva... .M., 4 15| 694| 69:9| 5 30 Sleeping,
23 |Sphinx ligustri, larva... rovm. &5 0] 694 698 4 29 Sleeping.
. . 1. r 5 ol . Arousing, changing co-
24 [Sphinx ligustri, larva... rar. 515 694 699| 5 | 31 {Aiousing, changing co-
1 25 |Sphinx ligustri, larva... v.v. 5 30) 6941 6991 5 | 30 Sleeping,
26 |Sphinx ligustri, larva... rM. 6 0 69°1) 697 6 29 Sleeping.
27 |Sphinx ligustri, larva... .M. 6 30 688 693 ‘b 29 ..|Sleeping,
28 {Sphinx ligustri, larva... M. 7 0 687 696 9 36 Aroused and active.
29 {Sphinx ligustri, larva...|Aug. 80, a.m. 6 O 65-0| 65°4| 4 | 25 .|Sleeping.
30 [Sphinx ligustri, larva... A 7 0] 655|658 3 | 25 Sleeping,.
81 |Sphinx ligustri, larva .. am. 8 0| 66:0) 663| 3 24 ..|Sleeping, much discoloured.
32 |Sphinx ligustri, larva... A 9 0] 674 .0iiifunnnns 26 Aroused, very active.
33 |Sphinx ligustri, larva...|Aug. 31. a.m. 11 0] 66°6| 67°0| *4 18 Jujzrye:;;g:: the earth,
Skin. Pupa within one hour
34 |Sphinx ligustri, pupa...|/Sept. 4. A, 10 0} 66-1) 664 | -3 12 | 794 38 |27-2(13th day. after changing, has been
much disturbed.

4. Hybernation.

From a state of profound sleep we pass to that of hybernation, which, as shown in
the hybernating Mammalia*, appears to be almost identical with the natural repose
of all animals. In insects, however, hybernation seems to differ from natural rest in
some of its exciting causes. Thus there are reasons for believing that this disposi-
tion to pass into a profound sleep, bears some relation to the changes which take

* Dr, M. Havrs, Philosophical Transactions, 1832, Part 1.
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place at certain periods in the capacity of the respiratory organs, which seem to be-
come oppressed, and their full expansion prevented by the remarkable accumulations
of fat which always exist in the bodies of insects before passing into the true hyber-
nating condition. Thus before the larva assumes the condition of pupa it feeds most
voraciously, and an immense quantity of fat is collected within it, and if it has been
properly supplied with food, it acquires its utmost size and weight many hours be-
fore it changes to a pupa. During the interval which elapses between its full deve-
lopment as a larva and its change into the pupa state it is often much less active, and
has the appearance of an animal suffering from repletion: it ceases to eat, it is raore
sluggish in its movements, often sleeps a great deal, and perspires copiously ; its
-average temperature is lower than it had been a day or two previously, and its quan-
tity of respiration is also diminished. These appear to be conditions which induce
the phenomena of its transformation, because I have repeatedly found that if a larva
be deprived of its proper quantity of food, its change into the pupa state does not
take place so early, but is retarded for two or three days. On the other hand if the
insect be supplied to repletion, its change will be slightly hastened. Thus if several
specimens of the larva of the Sphinx be hatched at about the same time but supplied
with different kinds of food, those which are fed upon one kind of plant will often
arrive at maturity and undergo their changes before those which are fed upon another.
In these cases it is inferred that a plethoric condition, which is supposed always to
precede the change to the pupa state, occasioned by the accumulated fat within the
body compressing the respiratory organs, and thereby preventing the full aeration of
the circulatory fluids, is induced in the one instance earlier than in the other, owing
to the more nutritious quality of the food supplied to the insect during the first few
days after it has left the egg. There is also another strong reason for believing that
this condition of body is closely connected with the pheenomena of transformation, in
the circumstance that, although for many hours immediately preceding the change,
the quantity of respiration, relatively to the size of theinsect, becomes diminished, yet
within one hour of the actual period of rupturing and throwing off its skin, the insect
makes several very powerful and laboured inspirations ; and it is then probably that
those trachesee which seem to have become compressed and diminished in calibre
during the plethoric state, begin again to be distended, previously to their subse-
quent development into the large respiratory sacs of the perfect insect. This enlarge-
ment of the sacs is slowly progressive during the earlier, but most rapidly so during
the latter period of the pupa state, while particularly in the Sphinx, it is almost sus-
pended in the middle, or intervening period of this state, the period when the insect
is in its most complete state of hybernation. The enlargement, as suggested on a
former occasion*, seems to keep pace with the gradually diminishing size of the
alimentary canal, and with the absorption of the accumulated fat, and since it is well
known that a higher or lower degree of atmospheric temperature will either accele-
rate or retard the completion of these changes in the pupa, it may not be unreason-

* Philosophical Transactions, 1836, Part II. p. 534.
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able to infer that the subsequent arousing of the insect from this hybernating condi-
tion arises, in addition to the stimulus of increased temperature in the surrounding
medium, partly also from the stimulus of a more perfect aeration of its fluids, through
means of the greater quantity of air which necessarily enters its enlarging respiratory
organs. These opinions are supported by the facts that some insects pass into the
pupa state at two different periods of the year, and that their subsequent development
into the perfect state depends upon the period at which they enter into the pupa.
Thus the common Cabbage Butterflies, Papilio brassicee, LinN., and P. Napi, Linn.,
when changed from larvae to pupee in the middle of summer, become perfect insects
within a fortnight; but when the change into the pupa state takes place at the end
of summer, the perfect insects are not developed until the following spring, unless,
as shown long ago by REaumur, they are placed in a warm atmosphere, when they
may at any time be developed within a few days, even in the months of December
and January. Besides these facts, and a variety of others which are equally well
known, every one is aware that the hybernation of many insects occurs at compara-
tively high degrees of temperature. The facts connected with the presumed plethoric
condition of insects before hybernating are equally referable to those perfect insects
which pass the winter months in hybernacula as to larva which are about to pass
into the pupa state, since it is found that they always have a much larger accumula-
tion of fat in the autumn than at other seasons of the year. This is the case in the
bodies of Vanessa Atalanta, StepH., V. lo, STEPH., V. urtice, and in the Cabbage But-
terflies just noticed ; and it is well known to the cottager that when the flowers have
not yielded an abundance of honey in the latter part of the summer, the bees in his
. hives will have less chance of existing through the winter than when the production of
honey has been plentiful. This latter circumstance may, perhaps, be said to arise
from a deficiency in the quantity of honey stored up by the bees, but I have strong
reasons for believing that it arises chiefly from the bees being in a worse bodily con-
dition, and having but a small quantity of nutriment stored up within their own
systems, which alone enables them to pass some portion of the winter in a state of
repose. If the female of the common Humble Bee, Bombus terrestris, Stepu., which
sleeps through the winter and’appears early in the following spring, be examined about
the end of September, its abdomen is found to be supplied with large bags of fat. At
that period the insect is less active, and evolves a smaller quantity of heat than in
the spring when there is a much lower temperature of the atmosphere. And if at
that period the insect be deprived of food it will continue to live, very much longer
than it would have lived, under similar circumstances,and exactly at the same tem-
perature of the atmosphere in the month of April. About the end of September I
confined two large females, Bombus terrestris and B. lapidarius, STEPH., in the same
box without food, and placed them in my sitting room, the temperature of which was
seldom lower than 60° Faur. and often 65°, during the whole time of their confine-
ment. When first confined they were both very active. B. ferrestris died on the
27th of October, and B. lapidarius on the 5th of November, having each of them been
confined about a month or five weeks. Now the very same species when confined in
202



278 MR. NEWPORT ON THE TEMPERATURE OF INSECTS.

the early part of the spring and summer, at a temperature of at least 10° lower than
the present, would have perished within forty-eight hours. Hence it is not diminished
temperature alone that induces a state of hybernation. Now during the confinement
of these individuals I examined other specimens of the same species, and found the
abdomen in each of them well filled with fat, while the respiratory organs appeared
to be diminished in calibre, and somewhat compressed by its accumulation. This
was particularly the case with one specimen which I examined, and the circumstance
became the more interesting to me from a knowledge of the fact that both the amount
of respiration and the quantity of heat evolved by the insect are at this period dimi-
nished. But without going further with the causes of hybernation of insects, and
which do not directly belong to this subject, it may be inquired how it happens that
if the sleep of the hybernating insect be induced by a plethoric condition of body,
that there are certain species, as, for instance, the 4nthophora retusa, STEph., which
assume the perfect form and begin to hybernate during the summer, even at the end
of August, but do not leave their abodes until April or May in the following spring,
although the morning sun shines brightly on their dwellings, and sometimes raises the
exterior surface of the bank in which they are deposited to a temperature of 80° Fanr.
or upwards ? Unto this it may be replied that the bodies of those insects, having so
recently changed from the larva to the perfect state, are still provided with a full
supply of nourishment ; that the soil in which they are nidificating has not its tempe-
rature increased to a sufficient depth to arouse them into activity, and that even if
its temperature be sufficiently increased for a day or two, it does not continue at the
same standard, but gradually declines with the approach of autumn; while on the
other hand, on the approach of spring the mean temperature of the atmosphere is
daily augmented, and the insect becomes aroused from its long slumbers by the
steadily increasing warmth of its dwelling ; its respiration is then excited, its fluids
circulate more quickly, and the nutriment stored up within its body when it entered
its sleeping condition having become exhausted, it is soon stimulated by the calls of
hunger*, which the more perfect aeration of its fluids and the activity of all its func-
tions induce within it; it makes a powerful effort to escape from its prison house,
and pioneers its way through the soil to a new life, a life of activity,—directed in
its proper course by the less consolidated state of the earth, in the passage to its
abode, with which, many months before, the careful parent bee had securely closed
the entrance, to protect her delicate offspring from the intrusion of enemies. I have
seen this insect at the moment of its first leaving its abode. It always takes several
very deep and powerful inspirations before it first takes wing, and its temperature is
then scarcely more than a degree or two above that of the nidus it has just left. The
comparative amount of the temperature of this insect in its different states during the
period of hybernation, as compared with the temperature of the soil in which it is
living and with its temperature in the perfect and active period, is very interesting,
and will best be shown in the accompanying Table.

* Dr. M. Hart on Hybernation, Philosophical Transactions, 1832, Part I. p. 22.
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From this Table it is seen that in the autumn, while the larva of the Anthophora
continues active in its cell, its temperature is higher than that of either nymph or
perfect insect, while the nymph, which has in veality a lower temperature than either
the larva or perfect insect, being at that time in a state of activity, or degree of ex-
citement inferior to that of the larva, and superior to that of the perfect insect, has a
temperature in its cell intermediate between that of these two conditions. It was
evident to me while making these observations that these apparently contradictory
facts arose only from the circumstance of the perfect insect being then in a state of
far more complete hybernation than the nymph, which, as well as the larva, was less
able to maintain its tempervature when raised to a certain amount than the perfect
insect. But when the season of hybernation is over, and the swarthy female bee is
roving abroad in the sunshine of the months of May and June, she has a temperature,
as shown at Nos. 18, 24, 35, 37, and 38, very far above her temperature in the states
of larva and nymph, or than what is possessed by her only a short time before she
quits her cell in the months of March and April, when her temperature is scarcely
higher than that of the larva, as shown in Nos. 15, 16, and 17. But if the perfect
bee be taken from her cell either at the end of March or at the commencement of
her hybernation in September, her temperature of body after « few inspirations will
be raised to two or three degrees above that of the atmosphere, but if undisturbed
the insect always endeavours to sink again into a state of repose, and the temperature
of her body becomes that of the surrounding medium. The soil in which the hyber-
nacula of these insects are formed being of sand or clay, which are bad conductors of
heat, always continues of a more uniform temperature than the open atmosphere, and
is less subject to variations through the alternating and often suddenly changed tem-
peratures of day and night, so that the insects are neither exposed on the one hand to
the chilling hoar frosts of midnight, nor to the scorching sun of noon, which even in
April, as shown on the Table, Nos. 16 and 17, may raise the thermometer to 81° Fangr.
on the surface of the bank, while the insects in their nidi at only 1} inch or 2 inches
deep are preserved in an almost uniform temperature of 56° Faur.; and when the
perfect insects have left their dwellings and are again filling the bank with cells and
storing them with ova and with honey-paste for the support of the future young, the
temperature of the same cells may be raised to 80° or upwards, a temperature which
perhaps is then necessary for hatching the ova, and rearing the larvee in their earliest
condition.

5. Inordinate Excitement.

The great rapidity with which, as we have just seen, the temperature of an insect
is raised from being almost on a level with that of the surrounding medium to several
degrees above it, would naturally lead us to conclude that a much larger amount of
heat is in reality generated than what is indicated by the thermometer, and that since
the heat evolved within the body of the insect becomes perceptible through means of
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the thermometer so very rapidly, it is fair to suppose that the insect parts with it with
“nearly equal facility, and that a very large proportion evolved passes off to the sur-
rounding atmosphere or medium in which the insect is inclosed, and that when such
~medium is of given small extent its temperature becomes raised as well as that of the
insect, and is appreciable by the thermometer. This is in reality the case; and
Dr. BurMEIsTER* has already imagined it to be so, but he does not appear to have
made any observations of his own in order to prove it, but refers to the observations
before noticed by Hausmann-. I remarked the fact during my earlier observations
on the temperature of insects in 1834, when endeavouring to ascertain the actual
amount of temperature in the common Humble Bee in a state of rest and in a state
of great excitement, and when endeavouring also to ascertain whether the amount of
temperature in a single insect is equal to that of an indefinite number of individuals.
I had long suspected that this could not be the case, and that, for instance, the tem-
perature of a hive of bees in winter, stated by HuBzr to be equal to 80° Fanr., could
not be equal to that of a single individual at the same period. Previous observations
had induced me to believe that the temperature of a single insect is only a few degrees
above that of the medium in which it is living, and that the actual heat of the insect
is increased in proportion to the amount of its respiration ; that when an insect is at
rest its temperature is comparatively low, and that it becomes greatly increased during
violent activity ; and further, that a number of individuals confined in a given space
can raise the temperature of that space to a great amount. With these views I in-
closed a single female of Bombus terrestris in a glass-stoppered phial of three cubic
inches capacity, having first noted the temperature of the atmosphere within the phial,
and of that of the external atmosphere immediately around it, both of which stood
at 66>9 Fanr. The bee was allowed to remain about five minutes in the phial in a
state of great activity, and its temperature was then taken by pressing the bulb of a
thermometer against its abdomen. The mercury rose to 73°4 Faur., or 6°5 above
the temperature of the atmosphere, while the temperature of the atmosphere of the
phial was raised to 68>2 Fangr., or 2°3 above that of its original temperature. Three
other individuals of the same species were then added, and the whole four continued
in a state of excitement until the mercury rose to 74°5. It was thus proved that a
single individual when excited raises the temperature of the surrounding medium,
and that several individuals collectively will increase the temperature of that medium
beyond what it could possibly be increased by only one.

In the next experiment, the atmosphere being 69°4 Fanr., five individuals of the
same species were confined in the same sized phial as the one just employed, and after
remaining in a state of great excitement raised the temperature of the phial to 725,
a difference of 3°'1, while the temperature of the five excited bees was 76>3. In an-
other experiment, when a single bee was allowed to remain at rest with the thermo-

* Manual of Entomology, p. 403. Translated by W. E. Sauckarp, Esq. M.E.S. 1836.
+ De Anim. Ex. Respirat. p. 68.
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meter pressed against its abdomen until it had become perfectly quiet, the mercury
rose only to about one degree above that of the surrounding medium. These experi-
ments appeared to indicate that the quantity of heat evolved is in the ratio of the
degree and activity of respiration.

On the 9th of June 1834 three female specimens of Bombus terrestris, B. lapidarius,
and B. muscorum, all of which had been captured about three hours previously, were
submitted to experiment, great caution being taken to prevent anything from inter-
fering with the correctness of the observations. The temperature of the atmosphere
and of the phials employed on this occasion was 68° Fanr., and the time occupied in
each observation was five minutes. Bombus terrestris raised the temperature of the
phial to 72° Faur., and maintained it at that height during the whole of the experi-
ment, while the temperature of its own body was 77° Fanr. That of B. lapidarius at
the end of the observations was 71°5, and of B. muscorum 72°2 Fanr. In the first of
these observations the temperature of B. terrestris was gradually raised from the tem-
perature of rest, or only two or three degrees above that of the atmosphere, 68° Fanr.,
to 77°. During the whole five minutes the insect continued in violent motion, and
maintained the temperature of the stoppered phial at 72°, or 4° above the temperature
of the phial at the commencement of the observation, while that of the insect itself was
raised to 9°, or 55 above that of the medium around it, which it had itself raised 4°.

At that time I imagined that this great amount of temperature, nearly 10° Fanr.,
was very nearly or quite the maximum amount of temperature that a single insect
can generate, since a little more exertion, or longer continuance of excitement, would
have made the insect perspire copiously. The occurrence of this phenomenon in in-
sects, as in vertebrated animals, must be looked upon as the natural cooling process,

“and beyond which the temperature of the animal cannot be raised in a state of health.
The second specimen, B. lapidarius, was feeble, and only in a moderate state of ac-
tivity, and consequently did not raise the temperature of its body above the usual
standard. The third specimen, B. muscorum, was very much excited, and its tem-
perature rose to 72°2, or 4° above that of the atmosphere. On the 9th of July 1834,
atmosphere 69°°8 Fangr., I placed a single specimen of B. Jonella immediately after it
was captured in the stoppered phial employed in the previous experiments. The phial
was closed, and the insect continued in a highly excited state for six or eight minutes.
When it had become quiet a thermometer was very carefully introduced to the bottom
of the phial without touching the insect, and the mercury rose to, and was main-
tained at 74°7, or 5>8 above that of the atmosphere and of the phial at the com-
mencement of the observations. The insect then became excited, and the thermo-
meter was held near enough to touch the tips of its wings. The temperature of the
air in the phial immediately sunk to 72°5, being a diminution of 2°'2. This observa-
tion was several times repeated with the same results, so that while confirming the
previous conclusion respecting the evolution of heat, it shows also another interesting
fact, viz. that the vibration of the wings tends to cool the body of the insect during
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flight, and moderate its temperature. But the power of radiating from its body into
the surrounding atmosphere is not confined to the insect in its perfect state only, but
exists also in the larva, as I have had opportunities of observing in the larvee of the
Sphinges, Puss Moth, &c. From these observations it is clear that a very large pro-
portion of the heat evolved by insects in all their states passes off into the surrounding
medium, and that the amount of heat evolved is in proportion to the degree of excite-
ment and consequent quantity of respiration.

III. Temperature of different Tribes of Insects.

Having found that every insect maintains its own temperature of body, and that
the amount of this temperature differs in the different states of each insect, it yet re-
mains to.be seen which are the families that generate the greatest amount, and
what relation that amount in the different families bears to the habits and localities
of the species. Our previous observations lead us to anticipate the fact that the
volant insects in their perfect state have the highest temperature, while on pursuing
the inquiry it is found that those species which have the lowest temperature are con-
stantly located on the earth. Among the volant insects, those hymenopterous and
lepidopterous species have the highest temperature which pass nearly the whole of
their active condition on the wing in the open atmosphere, either busily engaged
in the face of day despoiling the blossoms of their honied treasures, or flitting wan-
tonly from flower to flower and breathing the largest amount of atmospheric influence.
Of these it may be almost superfluous to remark, the Hive Bee and its long train of
near and distant affinities, and the elegant and sportive Butterflies have the highest.
Next to these probably are their predatory enemies the Hornets and Wasps, and others
of the same order ; and lastly, a tribe of insects which have always attracted attention,
and in general are located on the ground, but sometimes enjoy the volant condition,
—the Ants, the temperature of whose dwellings has been found to be considerably
above that of the atmosphere: according to Jucn the temperature of an ant-hill was
17° REaum. (70°25 Fanr.), while that of the atmosphere was 10° REaum. (54°5 Fanr.).
Next below the diurnal insects are the crepuscular, the highest of which are the
Sphinges and Moths, and almost equal with these are the Melolonthe. But the fol-
lowing experiments with the different tribes, while they still further illustrate the
causes of the variability of temperature in insects, will also show the relative amount
of heat evolved by different species.

Melolontha vulgaris, STEpH.

May 20, 1835, 7 a.m.—Having captured many individuals of this species of Chaffer
Beetle on the preceding evening, I now found them perfectly quiet. The temperature
of the external atmosphere was 60° Faur., and that of the interior of the box in which
they had been confined during the night was 61°3, while on carefully introducing the
bulb of the thermometer among the beetles, without disturbing them, the mercury

MDCCCXXXVII. 2p
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rose t0 61°5 F. I then took a single beetle which had been remaining quiet, and having
secured him with the forceps, opened the abdomen quickly with a pair of scissors,
and introduced the bulb of a fine thermometer. The mercury immediately rose to
63°3 Famr., a difference of 2° above the temperature of the box, and 3°3 above that
of the atmosphere, and it was maintained at that height more than ten minutes, after
which it sunk two or three tenths of a degree, as the energies of the insect became
impaired. Half an hour after the above observations the temperature of the box had
risen to 63° Faur., and the insects were in motion ; and when the bulb of the thermo-
meter was merely allowed to rest upon the backs of several specimens, the mercury
rose immediately to 65°3 Faur. When the beetles were again examined on the 23rd
of May, at 7 a.m., they were perfectly quiet, having fasted since the last observation,
being now a space of eighty-two hours since they were captured and had taken food.
Atmosphere 60>5 Faur., of the box with the beetles 61*3, thermometer introduced
carefully among the beetles 615, but when introduced as above into the body of a
single beetle it rose to 63°3 Faur. One hour after this, at 8 A.m., atmosphere 64°,
the temperature of the box was 66°, and the temperature of the interior of the body
of a quiet beetle was 69>2. At 8% a.m., atmosphere 64>5, thermometer applied to
the exterior of the body of a female beetle that had been respiring very rapidly and
preparing for flight, the mercury rose to 69°3, and continued to risein proportion to
the degree of respiration of the insect. At 8% a.m. the insect just employed was
placed on its back for half an hour, during which time it was respiring very rapidly,
and endeavouring to escape, and its temperature had risen at the expiration of this
period to 74%5, while that of the atmosphere was 655, a difference of 9°, so that
although this insect had now been entirely without food for nearly eighty-four hours,
its long abstinence had very little diminished its power of generating heat. A male
specimen was then placed under almost precisely similar circumstances, and its tem-
perature rose to 74°. At 6 p.M., atmosphere 64>1, the same female specimen which
had been employed in the morning, but which subsequently had been lying at rest
for several hours, and was still reposing, had a temperature of 66°3, a difference of
only 2°2, while the same male specimen that had been employed in the morning and
had since heen at rest, but was now respiring again very freely, and attempting to
escape, had a temperature of 69>1, a difference of 5° above that of the atmosphere,
thus fairly leading to the inference that the amount of temperature is in proportion
to the quantity of respiration.

At 7 ».m. May 24.—The temperature of a female specimen which had been at rest
since the morning in its natural haunts clinging to the leaves of a lime tree was very
carefully taken without disturbing it, by applying the thermometer to its abdomen,
and was found to be only 62°6, or one tenth of a degree only above that of the
atmwosphere ; so that, like the temperature of the hybernating Mammalia, it had sunk
down during its rest almost to a level with that of the surrounding atmosphere.
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Melolontha solstitialis, STEPH.

June 26, 1834, a.m.—The specimens employed on the present occasion were cap-
tured on the evening of the 25th, the temperature of the atmosphere being 70°5; a
single specimen, which had been lying for some time at rest, had a temperature only
of 70°8. Five specimens which had previously been very active, and were now per-
spiring profusely, raised the temperature of a phial, whose cubic bulk was about two
inches, from 705 to 71>4. Nine insects in a similar-sized phial raised the tempera-
ture in four minutes from 70°5 to 72°2, and a few minutes afterwards to 73>2. During
this time the insects were in a state of the greatest excitement. The bulb of the ther-
mometer was not brought into contact with the bodies of the insects. When the
thermometer was placed among the beetles, and in contact with their bodies, the
mercury rose to 74>5, a difference of at least 4° above the original temperature of
the bottle; but this was far from being the full amount of the heat of these insects.
During these observations I found that a large amount of heat generated by the in-
sects confined in the phial becomes latent, and also that much caloric is radiated
from the exterior of the phial, which becomes heated by the beetles and warm air
within, as is proved by the fact that when the thermometer is held very close to the
side of the phial without touching it, the mercury is considerably affected, and when
the bulb of the thermometer is held in contact with the phial the mercury ascends
the scale. In the present experiment it rose more than a degree when the bulb of
the thermometer touched the side of the phial. It must not be forgotten that besides
this difficulty in our observations on the temperature of insects, there is another which
prevents us from knowing the exact amount of heat generated by the insect under
examination. It is seen in these observations on the Melolonthe, as before shown in
the Bombi, that alarge amount of the heat generated by the body of an insect quickly
passes off into the surrounding medium. But if the excited state of the insect be ex-
cessive, and the consequent evolution of heat greatly exceed its usual amount, nature
has resorted to another expedient for cooling down the animal body, through means
of a profuse perspiration, which is carried on in insects perhaps to a greater extent
than in other animals. Thence the amount of heat believed to be generated under
certain conditions is only comparative; but when, as in experiments made on many
specimens collected together, a profuse perspiration breaks out among the insects,
the amount of temperature indicated by the thermometer introduced among them is
much lower than the real amount that has been produced. This was the case in the
present instance: the specimens were ina state of profuse perspiration, besides which
they had fasted about eighteen hours. These facts were further illustrated by a sub-
sequent experiment, in which eighteen specimens were employed in the same sized
phial ; they were crowded together, and allowed to remain about a quarter of an
hour in a state of great activity, until they became gradually weakened, were bathed
with perspiration, and were becoming quiet and asphyxiated with the carbonic acid
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gas produced during their confined respiration. The temperature of the atmosphere
of the phial at the commencement of the observation was 713, at the termination
73°2, a difference of only 1°9.

Lucanus cervus, 1NN,

July 9, 1834, 9 a.m.—The temperature of the atmosphere being 67°, that of a male
specimen of this insect, the great Stag Beetle, which had been fasting about two days,
was very carefully taken while the insect was lying at rest, by placing the bulb of the
thermometer for several minutes against the surface of its abdomen. The mercury
rose to 67°3, a difference of only *3 of a degree of external temperature. At 9% a.m.
I inclosed the insect in a stoppered phial of about three cubic inches capacity. The
temperature of the atmosphere and of the phial was 66>9. The insect remained per-
fectly at rest for a quarter of an hour, at the expiration of which the atmosphere of
the phial was 67>1. At the expiration of half an hour it was 672, and the external
temperature of the insect itself was 67>4. During this period the insect had remained
perfectly quiet, but at the expiration of an hour it began to find itself uneasy, and
became slightly active, probably from the presence of carbonic acid gas in the phial,
which had been generated during respiration. At 104 the atmosphere of the phial
was raised to 68>5, or 1°5 higher than at the commencement of the observation. The
temperature of the atmosphere was now 66>6. The insect was then removed from
the phial, and the bulb of a delicate thermometer passed beneath its elytra, and the
mercury rose to 68™2. The insect was then placed on its back upon a smooth table,
which occasioned it to exert itself greatly in order to recover its proper position. The
bulb of the thermometer was applied as before, and the mercury rose to 69°2, or 2°6
above that of the atmosphere. At 4 p.m., atmosphere 71°, temperature of the insect
beneath the elytra as before, was 71°5.

Coccinella septempunctata, LINN.

It is almost impossible to ascertain with any precision the temperature of these
interesting little insects, the Lady Cows, but I have sufficient reason for believing
that it is very considerable, and corresponds with the views which ought to place
them in the class of volant diurnal insects of high temperature. Had a larger number
of specimens been employed, I have no doubt that the amount of heat evolved would
have corresponded with the very high degree of respiration which they are found to
possess. July, 9 a.m., atmosphere 67>1, eight specimens were confined in a cubic
inch phial, the temperature of which was 68>2, and when four of them were clinging
to the bulb of the thermometer the mercury immediately rose, and was maintained
at 685, and after a short interval, when the insects had been moderately active, the
thermometer stood at 69°, a difference of nearly one degree.
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Meloe proscarabeeus and M. violaceus, LinN.

~These insects (the Oil Beetles), like their congeners the Blister Beetles (Lytte),
have a temperature corresponding to their natural habits. The temperature of a
number of Lyttce vesicatoriee was found by Jucr to be several degrees above that of
the atmosphere. This, to a certain extent, is the case with the Meloes, which love to
bask in the heat of the sun, and respire a large quantity of atmospheric air. On the
1st of May I examined the temperature of a female Meloe proscarabeus soon after it
was captured, and found its temperature amounted to very nearly 3° above that of the
atmosphere when the insect was a little excited ; but half an hour afterwards, when
the insect had become more calm, it had subsided to 1*5. I have in general found
that the temperature of a single Meloe varies from one to two degrees above that of
the atmosphere when not excited, and it seldom sinks down to the temperature of
the atmosphere, because during the season in which the perfect Meloe is found it is
almost always active. But when the newly developed Meloe first leaves its nidus in
the earth in the beginning of March or end of February, I have seldom been able to
detect more than one, or at most two tenths of a degree, in those of one species
which I have had opportunities of examining, Meloe cicatricosus; and the same is
the case with the nymph of the same species found in the month of August.

Gryllus viridissimus, LinN.

All the Grylli or locust tribes have comparatively a high temperature, and exist
but a short time when the atmosphere around them becomes vitiated. This accords
with their usual habits. We find them in the most sunny places, basking in the
hottest rays, or chirping among the bushes at some distance from the ground. Hence
we should conclude, & priori, that they have a high temperature. In a female spe-
cimen of G.viridissimus, captured on the 14th of July, when confined for a short
time, atmosphere 73>7, the temperature of the air of the phial had risen to 74>7, and
that of the insect at rest to 75%4, but when excited 75°8, a difference of 2°*1. When
the insect had been confined in a phial about an hour it respired at the rate of 37 irre-
gular and forcible contractions per minute. It was then becoming affected by the
carbonic acid in the phial, the atmosphere of which had been raised to 74°9, while
the insect was perfectly at rest. In a subsequent experiment the temperature of the
insect was 76°, that of the atmosphere continuing at 73°7. When the observations
were repeated at 7 o’clock on the morning of the 15th, atmosphere 63>3, the tempe-
rature of the phial was soon raised to 67°4, while that of the insect not excited was 68°,
a difference of 4°7. At 11 a.M., atmosphere 71°6, insect 73>6, phial 72°7, and on
the morning of the 16th at 7, the insect having fasted for thirty-six hours, atmo-
sphere 69°1, phial 70°, insect 705, but when excited 708, thus proving that a great
diminution of its power of generating heat had taken place during its abstinence.



288 MR. NEWPORT ON THE TEMPERATURE OF INSECTS.

Staphylinus olens, and S. erythropterus, LInw.

Both these species of Rove Beetles have a comparatively low temperature, and it is
often difficult even to detect the existence of distinct temperature in these insects,
unless the individuals have become considerably excited. I have never yet examined
S. Olens in the autumn before it retires to its hybernaculum, but in a specimen found
in April, the temperature of the atmosphere being 60°2, that of the insect was 61°2.
I could seldom find it rise higher, and it was often difficult to detect its existence at
all. In S. Erythropterus 1 have seldom found the temperature higher than about 5
above the atmosphere. It must thus be seen that there is a marked difference between
the power which these insects possess of generating heat, and those which are more
constantly in the open air; and when we examine the Carabi and Tenebriones, this
difference of power is still more remarkable.

Carabus monilis, C. violaceus, and C. nemoralis, LINN.

June 18, 1834.—A specimen of the Ground Beetle, Carabus monilis, without being
touched with the fingers, was carefully placed in a stoppered phial, the temperature
of which, as well as of the atmosphere, was 67 4. When the bulb of the thermo-
meter was pressed against the under surface of the insect the mercury was not per-
ceptibly affected, nor was there any change in the temperature of the closed phial
during five minutes, all which time the insect was in a state of great excitement.
This observation being made precisely as in the cases with the hymenopterous insects,
the temperature of the Carabus, consequently, is exceedingly low. It ought to be
remarked, however, that this insect had fasted during eighteen hours, and of course
could not be expected to generate so great an amount of heat as the recently fed
specimens. A second specimen, which had been recently captured, was then placed
with the first in the same phial, and within a few minutes the atmosphere of the phial
was raised to 6776, or ‘2 of a degree above the previous’temperature. A specimen of
Carabus violaceus was then added to the number, and the three insects continued in
a state of great excitement for several minutes, when the inside of the phial was
found to be 67°7, or '3 of a degree above its original standard; but only a very slight
additional effect was produced on the thermometer when applied to the body of the
insects.

April 11, 1836, 3% p.m.—I examined a single female specimen of Carabus nemoralis
which had recently been captured. The insect was lying quiet when I made the first
observation, by applying the thermometer to the under surface of its abdomen.
The temperature of the atmosphere was then 61°6, and that of the insect 61°8. The
insect then became active, and at the expiration of half an hour was 62°8, that of the
atmosphere having risen to 62°5, while in ten minutes after this observation, the
atmosphere being 63°, that of the insect was 63°4. The difference, therefore, in this
specimen in a state of great excitement, was only ‘4 of a degree, while, as we have
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before seen, the difference in a Hymenopterous or Lepidopterous insect, in the per-
fect state, and under precisely similar circumstances, would have amounted to at
least eight or ten degrees. From these observations it is evident that the natural
heat of the Carabi is exceedingly low, and that their external temperature is scarcely
more than -2 or '3 of a degree above that of the medium in which they are living ;
and although the respiration of these insects is higher than might at first be supposed
from the small amount of their external temperature, yet they have the power of
bearing the privation of oxygen for a very long time, and also of supporting the
presence of some noxious gases; while they often reside in the coldest, dampest, and
most unaerated situations. It was a specimen of this species that I once kept for
several hours in hydrogen, and at the end of the observation found that it had ex-
pired a considerable quantity of carbonic acid gas during its confinement.

Blaps Mortisaga, LINN.

June 26, 1834.—The temperature of this species (which is truly a nocturnal one,)
appears to be lower even than that of the Carabus. I placed two specimens in a
phial, the temperature of which, and of the surrounding atmosphere, was 71°; but the
thermometer was raised only °1 of a degree, even after the insects had been for a
considerable time in a state of activity. Two more specimens were then added, and
the four insects were in a state of great activity for five minutes, when the tempera-
ture of the phial was only 71°1, that of the insects themselves 71°4, a difference of
only 4 of a degree above the medium in which they were confined. Thus the amount
of power of developing heat in the Blaps, as in the Carabus, corresponds with the
capability of supporting existence in a noxious medium, and also with its power of
sustaining life during long abstinence. The Blaps will live for several minutes in a
mixture of the most noxious gases, carbonic and even nitrous acid gas. T have con-
fined one of this species in nitrous acid gas for three minutes, and it recovered in a
quarter of an hour after being again exposed to the atmosphere. Another specimen
was confined in nitrous acid gas for fifteen or sixteen minutes, and although it did
not give any indications of recovering after being again exposed to the atmosphere
for more than an hour, yet on my beginning to dissect the specimen, and after I had
removed the whole under surface of the abdomen it began to recover, and in less than
four minutes was so completely restored as to be able to walk about with nearly its
usual speed. I have also confined other specimens in hydrogen for several hours,
during which time they evolved a considerable quantity of carbonic acid gas, and did
not appear to be at all inconvenienced by the medium in which they were placed.
The low amount of heat in the species corresponds also with its power of going
without food. One of this species is stated to have lived three years in confinement
without food, and I have myself kept several individuals of this species about nine
months fasting; it must be remarked, however, that this was during the winter
months, from the latter part of autumn to the following spring, and may derive some
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explanation from what is now known with regard to the condition of insects during
the season of hybernation. Yet I have also kept this insect nearly three months
without food during the summer, the season of activity, but it has generally died at
the expiration of that period.

These observations on different species will sufficiently show the great difference
which exists between volant and creeping insects, in the power which they possess of
generating heat, while, comparing all the physiological conditions of the species with
each other, they seem to point to the source or cause of the development of heat. Thus
the amount of heat is found to approach very nearly in volant Coleoptera to the amount
in Hymenoptera. In both these tribes of insects the organs of respiration are of
large extent, and the quantity and activity of respiration in both are great, while the
quantity of heat developed appears to be in proportion to the quantity of respiration.
Further, these observations lead to the conclusion that some of the volant Coleoptera
(Melolonthee) have a higher temperature, even in a quiescent state, than some of the
terrestrial Coleoptera in a state of moderate activity, while the amount is increased
in a much greater degree in volant insects in a state of activity, than in those Cole-
optera which live entirely on the ground. It also appears that the temperature of
Crepuscular insects, Melolonthee, Sphinges, &c. is lower than that of the diurnal Hy-
menoptera, and this we might naturally expect would be the case, Crepuscular in-
sects having, compared with their size, a lower degree of respiration than Hymeno-
pterous insects, nearly all of which are diurnal species, and bear the privation of atmo-
spheric air with greater difficulty than any other tribes.
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A Table exhibiting the Temperature of Insects of different Species under various cir-
cumstances, and in their different states, compared with the Temperature of the
Atmosphere at the time of making the observation.

Division 1. Vorant INSECTS.

(a.) Diurnal Species.

& LY g . g
M SElcg| 8| 8
k3 Order. Species and state, Period of observation. ég g% ﬁ Eg’ Remarks.
2 & " a
Lo |0
; Hymenoptera, 1234. Bombus terrestris, perfect. | June 7.a.m. ; 66 g ggg gg I
Hymenoptera, 1834. | Bombus terrestris, perfect. AM. 66 - K . .
3 | Hymenoptera, 1834. | Bombus terrestris, gerfect. AM. 1 1669 734 65 | = in eaﬁhmof:]hese f’tl}’ﬁewans' “;E'd;
4 | Hymenoptera, 1834, | Bombus terrestris, perfect. AM. 5 (694 762 68 h e es %f th: i‘; :"t llr:ein o or " :3
5 | Hymenoptera, 1834. | Bombus terrestris, perfect. 9.am.12 | 1 |68 [77°5] 95 tl:):irn divid lsvi cesi g!tcapf ur 1|
6 | Hymenoptera, 1834. | Bombus lapidarius, perfect. Aam 12 | 1 |68 |71'5] 35 excit ntuae :rt.nr;as 1 € 3? gr;a
7 | Hymenoptera, 1834. | Bombus muscorum, perfect. AM. 12 | 1 |68 722 42 t c d;n}e ’wh?‘c; ll?slqts’ on z th o:" us
8 | Hymenoptera, 1834, | Bombus Jonella, perfect. P.M. 6 1 /689 747| 58| | 4" T:g’i) 1 ! ‘dilpem:ci ¢ (;‘ tl?p-
9 | Hymenoptera, 1834.| Bombus Jonella, perfect. P.M. 6 1 689 747 58 E}Tarsth . ¢ less readily excite an
10 | Hymenoptera, 1834.| Bombus Jonella, perfect. ».M. 6 1 |69 |754| 64 € others,
11 | Hymenoptera, 1834.| Bombus Jonella, perfect. e85 | 1 1682 713 31|
12 | Hymenoptera, 1834.| Bombus terrestris, perfect. 29, p.v. b 1 |59 |675) 85 After great excitement,
13 | Hymenoptera, 1834.| Bombus terrestris, perfect. | July 10. A.m. 12 |...... 705 77 | 65 Temperature of a nest of this species
14 | Hymenoptera, 1834.| Bombus terrestris, perfect, r. 1d [ 70 1802/ 10°2| | containing about thirty individuals
15 | Hymenoptera, 1834.| Bombus terrestris, perfect. .M. 2% el 70°5 804/ 99| | and brood comb. The nest was con-
16 | Hymenoptera, 1834. | Bombus terrestris, perfect. Midnight 123 |...... 685 80-3/ 11-8| Ltained in a box about seven inches
17 | Hymenoptera, 1834, | Bombus terrestris, perfect. | July 11. A.M. 6  |...... 67 1778|103 square, and closed at night with a lid.
18 | Hymenoptera, 1834, | Bombus terrestris, perfect. Midnight 12 |...... 67°5 78 |10-5| | Insects excited, but not in contact
19 | Hymenoptera, 1834, | Bombus terrestris, perfect, | July 12. AM. 7  [ouons 687 765 78| | with the thermometer.
20 | Hymenoptera, 1834. | Bombus terrestris, perfect. 13. A.m. 8 1 ;]g 84'512 i2'3'}
21 | Hymenoptera, 1834, | Bombus terrestris, perfeat. A 8% 25 89-2) 16+7 :
22 | Hymenoptera, 1834, | Bombus terrestris, gerfect. aMm. 8% | 71725902177 NNu.rse Beesinn;oderﬁte]vz'hiei(]cned.
23 | Hymenoptera, 1834, | Bombus terrestris, perfect. AM. 9 7 725 923|198 ¢ b rslllng on:lsh %he tce s d : 1 cor:i
24 | Hymenoptera, 1834. | Bombus terrestris, perfect. AM. Y 1 {725 91519 fame ital::)y tpi ht :o wa aft: :,O%Q 3
25 | Hymenoptera, 1834. | Bombus terrestris, perfect. AM.9% | 7 |727 91 [183 dmg:] :his];neu% tin u:'; NJrSaYBS"
26 | Hymenoptera, 1834. | Bombus terrestris, perfect. A 12 | 7 702 92:5| 22-3| | CUTNE 4 at th ¢ ta 1 "gl 20e 2 :e
27 | Hymenoptera, 1834. | Bombus terrestris, perfect. P.M. 1 7 |72:2 85 |12-g | respirec atiherateor per minute.
28 | Hymenoptera, 1834. | Bombus terrestris, perfect. P25 | 4 |72:5 94°1)21-6
29 | Hymenoptera, 1834.| Bombus terrestris, perfect, p.M. 4 1 {735 92 1953 s
30 | Hymenoptera, 1834. | Bombus terrestris, perfect. .10 | 1 |69 785 45 Theseh?blfe:l‘;at}gni seh%w thﬁ grez;
31 | Hymenoptera, 1834. | Bombus terrestris, perfect, Midnight 12 | 1 |68 |83-2/15-2 pov\(rier i ch ¢ et w‘illls d .eez ]?ve
32 | Hymenoptera, 1834.| Bombus terrestris, perfect. l4.pm. 13 | 1 |695 894/ 199 | PF °d “t'i‘('i‘g il the “"“ﬁ v ?1,%?‘
33 | Hymenoptera, 1834.| Bombus terrestris, perfect. P.M. 2 1 1695 92-2/22-7 1"10] ol cv(ffoll:eat? is zzmp S 4 l;
34 | Hymenoptera, 1834.| Bombus terrestris, perfect, P.M. 3 1 (695 91 |215 e‘i:’ ut:g'_]. sectis T 'n:inier:‘ pro fuc:]’
35 | Hymenoptera, 1834, | Bombus terrestris, perfect. ?.M. & 4 1734942 208 LW .e'tl b('tn;lwa S o‘z. rs whg ge:’hec. Yy
36 | Hymenoptera, 1834, | Bombus terrestris, perfect, r.m. 11 1 /68 [ 83 |15 g‘.".e a lu's m l’: excict: da dere € In-
37 | Hymenoptera, 1834, | Bombus terrestris, perfect. 15, am. 8% | 1 [682 882 20 1vidua lidl uclnv those : s ssipll‘ltll;g
38 | Hymenoptera, 1834.| Bombus terrestris, perfect, am. 9% | 1 |71 | 91 |20 ‘,i??)’l n:&[')heri'a small de re: ?)f hn " e
39 | Hymenoptera, 1834, | Bombus terrestris, perfect. Aam 103 1 |72 932212 |. z:l ete 4 the insect was%om ar :a lls
4 40 | Hymenoptera, 1834, | Bombus terrestris, perfect, pm. 10 | 1 [72:2 919 187 '13n tlf::tle exi'ted paratively
41 | Hymenoptera, 1834, | Bombus terrestris, perfect. e 11 | 1 71'6' 85 |13+4 ) uL 1ed.

MDCCCXXXVIT,
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TasLe VI.

A Table exhibiting the Temperature of Insects of different Species under various
circumstances compared with the Temperature of the Atmosphere.

Division 1. Vorant Insecrs. (b.) Crepuscular Species.

& @ - g

¥ s | Bw s, .t « ©

= Period of ° g PEREEET- R g

8 Order. Species. Observation, SElTe || ES) 2 g Remarks,

. zs 2oy ] &

S m s || =

Z &l BB = A

1835. o.l.9.lo

Coleoptera. |Melolontha vulgaris, perf.]| May 23 aaat. 7 | 1 ...l 61:3)63:3| 2 | Male, quiet; internal temperature of body.
Coleoptera. |Melolontha vulgaris, perf. am 73 6 ... .eeeea| 61°3| 61:5| 2 | All the specimens perfectly quiet.
Coleoptera, |Melolontha vulgaris, perf. av 8| 1 l...|...[66 |692 32 | Quiet; internal temperature of body.
Coleoptera. |Melolontha vulgaris, perf/No, 1. am. 83 1 f......[......| 64:5|69-3) 48 | Respiring quick, preparing for flight.
Coleoptera. |Melolontha vulgaris, perf. 1. am. 83 1|...]|...[655/745/9 | Female. Respiration violent and long continued.
Coleoptera. |Melolontha vulgaris, perf.|No. 2. am. 9| 1 [.....|......[655/74 |85 | Male. Under similar circumstances,
Coleoptera. |Melolontha vulgaris, perf.No. 1. e 6 | 1 |....|.....|64:1/66:3]| 2:2 | Female; has been long at rest.
Coleoptera. |Melolontha vulgaris, perf.[No. 2. »m. 6] 1 641 69-1) 5+ | Male; respiring rapidly and trying to escape.
Coleoptera. |Melolontha vulgaris, perf.(No. 3. »p.m. 7 625 626 -1 Female just taken from her natural haunts, in

the open air in a state of perfect rest.

Coleoptera. |Mel. solstitialis, perf.......| June 27 a.m. 70-5|70-9( -4 | Quiet.
Coleoptera. |Mel. solstitialis, perf....... AM. o] 70°5] 71-9| 14 | Very active and perspiring profusely.
Coleoptera. [Mel. solstitialis, perf....... AM. 00| 70:5{ 72:3| 1-8 | Very active.
Coleoptera. |Mel. solstitialis, perf....... AM. .| 71-3]74:5| 32 | Very much excited.
Coleoptera, (Mel. solstitialis, perf... AM, 71:3| 736/ 2'3 | Quiet, becoming asphyxiated.
Coleoptera, |Coccinella 7-punctata July 9 A, 68-268-5| '3 | The insect had been moderately active.
Coleoptera. |Coccinella 7-punctata...... AM, 68-2( 69 8 { V(i,rgi:f?:%;sgfgd raised the atmosphere of the
Coleoptera. |Lucanus cervus «ou..oeeen.. AM. 1 67 |67°3| ‘3 | Insect had been lying perfectly quiet.
' 3 Perfectly quiet, but raised the temperature of the
Coleoptera, (Lucanus cervus .v...eoeeees AM. 9 1 |ifeeeees 66-9| 67°4 5 phial in 4 an hour to 6792,
i ctive : i 3
Coleoptera. |Lucanus cervus ......oeeue. AM 103 1 .. ..| 66°6} 68:6] 2 A h%tle a~“‘{§0’ Jemperature of the phial at 1
raised to 68°5.
Coleoptera, |Lucanus cervus ....... AM. 103 1 . 666, 69-2) 2:6 | After great exertion.
Coleoptera. |Lucanus cervus ........u..s v 4|1 e 71 |71:5] 5 | Insect has been lying quiet.

Division 2. TEerrestrIAL INsEcTs. (a.) Diurnal Species.

ok ket ok ok e ok ok ok ok
CONSHU W N~ SOOI T CO N

Coleoptera. |Proscarabzeus violaceus...|April 11 p.m. 33 1 [04% 11 |62:4/63 | 6 | A very small female, somewhat excited.
Coleoptera. |Proscarabaeus violaceus... pov. 83 1|04 |11 |64:3/65 | 7 | Still excited; has been fasting.
Coleoptera. |Proscarabzus violaceus... 22pm. 6| 1|04 |108)61-2)62:3| 11 | Active; has been feeding in warmer atmosphere.
Coleoptera. |Proscarabaeus violaceus... pm. 63 1 |-04 |10-8/60-4|61-7} 13 | Has been active.
Coleoptera. |Proscarabzeus violaceus... pMm. 64 1|04 |10°8/60 |61-2/1-2 | A little excited.
Coleoptera. |Proscarabaeus violaceus... 28 pem. 7| 1 )°05 |12:7|58:2(59:3(1-1 | A little excited.
Coleoptera. |Proscarabaeus vulgaris ...] May Le.a. 3 | 1109 |21:5|60-2| 62:9| 2:7 | Just after being captured; excited.
Coleoptera. |Proscarabaeus vulgaris ... pm. 33 1 (09 |21'5]63°1| 64-6| 1°5 | Is now more quiet.
Orthoptera. |Acrida viridissima ......... July 14 e 33 1 [eiifoeens 74°7\75*4| 7 | Female quiet, fasting for 2 days.
Orthoptera. |Acrida viridissima ......... M. 3% 1 foeeiiifiennes 74:7/75-8| 1:1 | A little excited.
ey eee o N a al1. Insect confined one hour; quiet, but respiring
8rt{:op;gz. ﬁcn'ga vglgggbsgma ......... P.M. g? } .......... . ;29 % 1 i% irregularly and forcibly at 37 per minute : du-
rthoptera. |Acrida viridissima ......... M. 33 1 fLendenens ring this violent respiration at rest.
Orthoptera. |Acrida viridissima ......... 15am 7)1 67-4{68 | 6 | Insect quiet.
Orthoptera. |Acrida viridissima ......... am 11| 1 | 72:7)786] +9 | Insect a little active.
Orthoptera. |Acrida viridissima ......... 16am. 7] 1 470 170-5) <5 | A little excited ; has fasted for the last 48
Orthoptera. |Acrida viridissima ......... AM. 7 1 70 |70:8] 8 | Very much excited; [ hours.
Coleoptera. |Staphylinus olens April 28 pm. 7| 1 60-2|61:2| 1+ | Active.
Coleoptera. (S, erythropterus .. 18pm. - & 1 fioideeenns 64+5| 65+1{ +6 | Male specimen ; active.
Coleoptera. |S. erythropterus ......... PM. 3 1 .. reeess| 65 | 65°6] 6 | Male specimen ; active.

(b.) Crepuscular Species.

Coleoptera. |Carabus nemoralis.........{April 11 p.m. 3} 1|05 {12:5]61+6/61-8f -2 | Female; quiet.

Coleoptera, |Carabus nemoralis ......... p. 33 1|05 |12:5] 625|628 -3 | A little active.

Coleoptera. |Carabus nemoralis .. pm., 33 1105 |12:5/63 |63-4] 4 | Very much excited. ) ,
o . . Insect was excited, butdid not evolve perceptible

Coleoptera. {Carabus monilis.. .| June 18 a.m. 1 |oeeeiifonennd] 67°4| 67°4f...... heat; had fasted for 18 hours.

Coleoptera. |Carabus monilis............ AM. 2 Lveioennnn| 67°4] 67°6] -2 | Active.

Coleoptera, |Carabus violaceus ......... AM. 3 leeeen veeees| 67°4| 67°71 3 | In a state of great excitement.

Coleoptera. |Blaps Mortisaga............ 26 A.m. 2 oveeeioveend| 71 {71-1] 1 | Very active.

Coleoptera, |Blaps Mortisaga....... AM. 7/ RN N 71 | 71:3| -3 | Still more active.

* Inmy Paper on the Respiration of Insects in the Philosophical Transactions, Part II. 1836, p. 552, Table 1.
the cubic bulk of Carabus cancellatus, Nos. 33 and 84, and of Meloe violaceus, No. 36, has been erroneously
printed 0°4 instead of 0-04.
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IV. Temperature of Insects which live in Society.

We pass now to those insects which live in society, all of which belong to that great
division the Hymenoptera, which have been shown to possess the highest tempera-
ture and greatest amount of respiration. Naturalists hitherto have examined only
two genera of this great division with reference to the subject of temperature of these
insects in their dwellings. These are the Apis Mellifica, or common Honey Bee,
and the society of Ants; and the existence of a higher temperature than that of the
atmosphere in the other families has only been inferred. Those species unto which
I have devoted particular attention are the Bombus terrestris and Apis Mellifica.

Bombus terrestris—1. Temperature of Nests under observation.

During the summer of 1830, having obtained a colony of this species, with the ori-
ginal parent bee, from the neighbourhood of Richborough, near Sandwich, (which loca-
lity had before that time afforded me opportunity of observing the habits of other
species of this interesting family of insects,) I removed it from its locality in the
earth to my own residence, the distance of a mile, and placed it in a small insect
breeding cage for the purpose of more closely watching the economy of this species.
The bees at first were somewhat irritable, and of course were kept in close confine-
ment, and were fed with moistened sugar; but within a day or two they became
quite accustomed to their new residence, and I had ample opportunity of watching the
economy of the nest. On the third day they were placed on a table in my sitting-room
near the window, which remained open, and also the door of the cage, that the bees
might go abroad and return at pleasure, which they did with as much regularity after
the first day or two as if the nest had been placed in its proper locality in the earth. I
had thus most ample opportunity of watching their habits. The nest consisted of from
forty to fifty individuals, and it gave me great pleasure in being able to confirm many
of the statements made respecting these insects by HuBer. During the time the bees
were in my possession, a period of nearly three weeks, I observed upon introducing
a thermometer among them, that the temperature of the nest varied at different
times, and was considerably higher when they were in a state of excitement; but the
circumstance did not then attract myparticular attention. Inthe summer of 1834, while
engaged with the observations before detailed, I determined to repeat the observa-
tion which Ithen remembered having made in 1830; and accordingly on the 10th of
July 1834, having taken a nest of Bombus terrestris with brood comb, it was placed
on a table near the window of my apartment, in a small box about eight inches
square, and four deep, covered with green gauze, and after the first day’s confinement
the bees were allowed to go and return as on the former occasion. Soon after com-
mencing my observation, I was interested in observing that the bees were at first
greatly affected and agitated by the slightest noise, such as the removal of a chair,
or one’s footsteps about the room, or the passing of carriages along the road, which was
at least thirty feet distant from the window of the apartment; but they were not in
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the slightest degree affected by persons talking loudly in the room, while a gentle tap
with one’s finger on the table put them immediately into a state of the greatest agi-
tation. Hence during the observations it was necessary to be cautious, and not
disturb the bees when wishing to take the temperature of the nest. The bees, how-
ever, in the course of a day or two became accustomed to their situation, and were
not disturbed by slight noises or vibrations; and I was then enabled to take their
temperature under all circumstances. The observations were commenced at 12 a.m.,
July 10, about two hours after the bees were placed in the box. The temperature of
the atmosphere was then 70°5 Fanr., that of the box and nest 73°; but when they be-
came excited it soon rose to 77° but gradually subsided again to 73° as the bees
became quiet. The thermometer was introduced very carefully under the gauze cover-
ing, and was not allowed to touch the bodies of the bees in this and the subsequent ob-
servations. At 1% r.m., the insects having remained at rest for more than a quarter of
an hour, atmosphere 70°, the thermometer, introduced as before, rose to75°, and in a
few minutes afterwards, when the bees had become much excited, to 80°'2, a difference
of 102 between the temperature of the atmosphere and that of the box ; and when the
body of a bee touched the bulb of the thermometer, even but for an instant, the mer-
cury immediately rose at least a degree on the scale. At 2%, atmosphere 70>5, bees
quiet, atmosphere of the box 76°; but when they became much excited it rose in four
minutes to 80>4. At 12} midnight, atmosphere 68>5, interior of the box was 73°, the
bees having been quiet during the previous nine hours; but when they became greatly
excited it rose to 80°'3, a difference of 11°8. At 6 o’clock on the following morning,
July 11, atmosphere 67°, the interior of the box was 71°, but when the bees became
much excited it rose to 77°3. At 121 midnight, atmosphere 67>5, box with bees at
rest 73° when agitated 78°. At 7 a.m., July 13, the box in which the bees were con-
fined had remained closed during the night, which had been perfectly calm and still,
and at the time of making the present observation there was not a breath of wind
stirring ; indeed the air was suffocatingly calm, and its temperature 68>7 ; when the
thermometer was carefully introduced under the lid of the box the mercury rose
to 72°, which was the temperature of the interior of the box around the nest, but
when the thermometer was placed in the nest itself the temperature stood at 76>5.

2. Nest of Bombus in its natural haunts.

Having proceeded thus far with my observations on the temperature of the nest,
removed from its proper locality in the earth for the purpose of experiment, it became
a matter of interest to endeavour to ascertain its temperature while undisturbed in
its natural haunts. Having at length discovered the nest of a species of Bombus nearly
allied to Bombus terrestris situated in a shaded chalk bank near the ground, and about
eight inches from the surface, at 10 a.m.,—the temperature of the atmosphere in the
shade four feet from the ground being 687, while that of the exterior of the chalk bank
in which the nest was situated, and near the entrance to it was 66°,—I very carefully
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introduced a small thermometer without disturbing the inmates, and found that the
temperature of the interior of the nest was 83°, but in a few minutes it rose to 85°;
it was thus evident that the temperature of the nest upon which I had made the pre-
ceding observations was at about its average temperature in its natural haunts.

3. Nurse Bees.—Voluntary Power of generating Heat.

The above experiments on the nest of Bombus terrestris thus confirmed the results
of my observations made a short time before on individual insects with regard to
the rapid transmission of heat from the body of the animal when in a state of
excitement, and also in a less degree when in a state of rest; but during the time I
was engaged upon them they also afforded me a new and totally unexpected phe-
nomenon, and one which is not a little interesting and important as regards its con-
nection with the origin of animal heat ;—it was the capability which these insects
possess during the act of incubation on the cells which contain nymphs, of increasing
their own temperature many degrees above that of the surrounding medium, of in
fact a voluntary power of generating heat through means of respiration. HuBgr has
stated that there are certain individuals in the nests of the Humble Bees, and among
the bees in a hive, which at a particular season of the year are employed to impart
warmth from their bodies to the young bees in the combs by brooding over them,
and these he called Nurse Bees. It gives me great pleasure in being able to bear
testimony to the correctness of his statement, particularly with regard to those in the
nest of the Humble Bee, which I had ample opportunity of observing. These indi-
viduals are chiefly the young female bees, and at the period of the hatching of nymphs
they seem to be occupied almost solely in increasing the heat of the nest and com-
municating warmth to the nymphs in the cells by crowding upon them and clinging
to them very closely, during which time they respire very rapidly, and evidently are
much excited. These bees begin to crowd upon the cells of the nymphs about ten
or twelve hours before the nymph malkes its appearance as a perfect bee. The incu-
bation during this period is very assiduously persevered in by the Nurse Bee, who
scarcely leaves the cell for a single minute ; when one bee has left another in general
takes its place: previously to this period the incubation on the cell is performed only
occasionally, but becomes more constantly attended to the nearer the hour of develop-
ment. The manner in which the bee performs its office is by fixing itself upon the
cell of the nymph, and beginning at first to respire very gradually; in a short time
its respiration becomes more and more frequent, until it sometimes respires at the
rate of 120 or 130 in a minute. I have seen a bee upon the combs perseveringly
continue to respire at this rate for eight or ten hours, at the expiration of which time
its body has become of a very high temperature, and on attentive observation the
insect is often found in a state of great perspiration; when this is the case the bee
generally discontinues her office for a time, and another individual will sometimes
take her place. Very frequently the Nurse Bee respires with much less rapidity, and
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remains many hours on the cells. The very high temperature unto which the insects
are able to raise their own bodies, and the cells upon which they are incubating at
this period, will be best shown by detailing the continued observations on the nest.
At 8 a.m., July 13, when the temperature of the atmosphere was 71°8, and the
temperature of the interior of the box around the nest 725, I inserted the bulb of a
fine thermometer very carefully between the abdomen of several bees and the cells
upon which they were incubating, and which contained nymphs, and found the body
of a single nursing bee was 84>1, while the exterior of some cells that contained
nymphs, but which were not covered, was 76'5. At 84 the temperature of the out-
side of the waxen cover, or top of the nest, was 77°7, and that of the atmosphere 72°5,
while the interior of the nest, where the bulb of the thermometer was introduced among
four bees which were nursing upon the cells, was 89>2. At 8%, atmosphere as before,
when the thermometer was introduced among seven nursing bees at the same spot,
three of which were large females, and the others males, which also assist in the
process of incubating, the mercury of the thermometer rose to 90°2 Fanr. At 9 a.m.,
atmosphere still 72°5, the temperature of the same bees still incubating was 92°3,
“and of others incubating in another part of the same nest 91°5; at 93, atmosphere
72°7. that of the bees still nursing was 91°. At 12 a.m. the observations were resumed :
in the interval between the last observation and the present time there had been a
gentle shower with light wind, and the atmosphere had sunk to 70°2; the tempera-
ture of the Nurse Bees on the cell was now 92°5. The thermometer was raised to this
height within about ten minutes, and was maintained at that standard as long as the
bulb of the instrument was allowed to remain in contact with the bodies of the insects,
while the temperature of some of the adjoining cells beneath the same cover, but
which were not covered by the bees, was maintained at only 80>2. Within a quarter
of an hour after these observations were made three large female bees were hatched
from the cells upon which the seven bees had been incubating ; the temperature of
the atmosphere was then 72°2, while that of the Nurse Bees, which had now desisted
from incubating, and consequently were respiring less rapidly, had sunk to 85°. It
was thus evident that the greatest amount of heat is generated by the Nurse Bees just
before the young bees are liberated from the combs, at which period they require the
greatest amount of invigorating heat. It is at this period also, as before noticed, that
the young bee is most susceptible of diminished temperature ; it is then exceedingly
sleek, soft, and covered with moisture; perspires profusely, and is highly sensitive of
the slightest current of air. It crowds eagerly among the combs and among the other
bees, and everywhere where there is the greatest warmth. In the course of a few
hours it becomes a little stronger, and is less sensitive, and better able to bear a di-
minished temperature. It then moves about with less circumspection, and its wings,
which at first are soft and weak, and bent upon its trunk, become plain and straight.
When the young bee first leaves its cell it is entirely of a whitish or pale grey colour,
but within half an hour the black markings on the thorax become very distinct,
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although they retain a tinge of grey colour for a much longer period; the yellow
bands on the body and thorax are at first quite white, and it is not until an hour or
two has elapsed that the principal yellow band on the thorax begins at length to gain
colour, while it is several hours before the yellow bands acquire their full shade or
degree of colour. During all this time the bee continues in an enfeebled state and
takes no part in the business of the nest, but seeks for itself the warmest place among
the combs, and it is not until sometime after it has acquired its proper degree of
colour that it becomes active like the other bees, and is able to maintain its own
proper temperature. It is thus evident, that the same principle which has been shown
by Dr. Epwarps to prevail with regard to the young of some of the mammiferous
animals, that they are unable for a certain period after birth to generate and maintain
within themselves a proper amount of temperature, but require to be cherished by
external warmth, regulates also the development of the individuals of this family of
Hymenopterous insects, from their pupa or nymph to their perfect state, and further
tends to prove to us how universal and simple are the great laws which regulate the
continuance of animal life. It is a curious fact that these bees do not incubate on the
cells which contain only larvee, the temperature of the atmosphere of the nest being
sufficiently high for them in that condition; consequently the larvee at an advanced
period do not require so high a temperature before changing into nymphs as that
which has just been shown to be required by the nymphs before coming forth as per-
fect insects. This will be shown in some observations made on larvee in the nest
now under examination, at the same time with those just described, and also with
others which were made on nymphs. The temperature of the atmosphere being 76°,
some of the cells which were open and contained larvee were exposed in the nest,
and the Nurse Bees therefore covered them lightly with dried grass, of which the nest
of this species of Bombus is usually composed; but when the temperature of the
atmosphere a few hours afterwards had risen to 73°5, most of the dried grass with
which these cells had been covered was removed, and the larvee were more exposed ;
the temperature of these cells and the larvee being 77°4, while that of the cell of a
nymph, with the Nurse Bee upon it, in another part of the nest was 92° and subse-
quently when four large females were nursing around it was 94>1, the temperature of
the atmosphere being still 72°5.

When there are no longer any nymphs which are soon to be developed into perfect
insects the necessity for generating a larger amount of heat is diminished, and the
Nurse Bees remain in a state of quietude; the temperature of the nest is then much
lower than when young bees are about to be produced. This was the case on the
14th of July; the atmosphere was then 69°, while that of the nest was in no part
higher than 72%5; and even when the bulb of the thermometer was in contact with
the bodies of several of the bees, the mercury scarcely rose to 73%5, while at 12 o’clock
on the preceding night, when the atmosphere was 68°, and several young bees were
soon to come forth, the temperature of the box was 705, and that of some bees
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very moderately excited in the act of nursing 83%2. It is not only at the moment
when the young bee is about to come forth that the Nurse Bees produce a larger
amount of heat; they keep up the heat to a considerable amount for some time after
the young bee is developed. At 1} p.m., July 14, the bees were again incubating,
the atmosphere 69°5 ; the cells immediately beneath the cover of the nest were 89°4.
At 2 p.m., atmosphere 69°5, the same cells were 92°2, at which time most of the bees
were crowding around this part of the comb, from which at 6 p.m. several young ones
came forth. At 3 p.M., atmosphere 69°5, the temperature of a single bee nursing on
these cells was 91°. At 5 p.m., atmosphere 73°4, atmosphere of the box was 75°3,
and that of four bees nursing 94>-2 ; while at 11 p.m,, five hours after the young bees
had been developed from this part of the comb and when no bees were present, the
temperature at the very same spot was only 68° exactly that of the open atmosphere;
but in another part of the nest where the bees were again nursing it stood at 83°.
It was in this way that the nurse bees constantly raised their own temperature and
that of the cells upon which they were incubating whenever new bees were to be
produced. In order to prove that this great amount of heat resulted directly from
the temperature of the nursing bee, I placed the bulb of a thermometer on the back
of a single individual that was nursing on the upper surface of a comb that was
exposed to the temperature of the atmosphere, 716, when it rose to and was main-
tained exposed as it was at 85° while the temperature of the cell immediately after
the bee had quitted it was 75°3, and it was maintained at that temperature several
minutes. In other observations I found that on one occasion, when the atmosphere
was 72%5, a single female bee while nursing upon a single cell, from which a perfect
insect was developed about eight hours afterwards, had a temperature of 92>3: the
bulb of the thermometer in this instance was placed upon the cell immediately
beneath the abdomen of the bee, which was respiring at the rate of 120 per minute.
In another observation, when the temperature of the atmosphere was still the same,
725, a single bee while nursing had a temperature of 94°5, but a little while after-
wards when the atmosphere was 72°7 it had subsided to 91°.

These facts distinctly prove that bees have a voluntary power of evolving heat,
while it seems only fair to conclude, on comparing the facts, that the quantity of heat
produced in a given time and space, has relation to the number of respirations per-
formed by the individual ; and from the quantity of atmospheric air consumed, and of
carbonic acid gas evolved, that animal heat is greatly and perhaps almost entirely
dependent upon the chemical changes which take place in the air respired.

Temperature of the Hive Bee, Apis mellifica, LiNN., during the Winter.

The many curious facts connected with the production of heat in the Humble Bee
and other insects, naturally disposed me to wish to extend my inquiries to the ascer-
tainment of that of the inhabitants of the hive, and fortunately circumstances enabled
me to carry my wishes into execution, and commence my observations in the summer
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of 1835. They were continued almost uninterruptedly until the spring of the present
year. I had long doubted the statements of naturalists that the Hive Bee does not
hybernate, but maintains a very high temperature in its dwelling throughout the
whole winter. This statement is so at variance with everything that is known with
regard to the habits of insects in this country, especially those of the same class, the
Humble Bees, that were it really the case it could not fail to be looked upon as quite
anomalous in the economy of British insects. SwammerpAM, REAUMUR, and HuBer
were all of opinion that the Hive Bee does not at all enter into a state of hybernation,
but continues active during the winter. HUuUBER states expressly*, that so far from
bees becoming torpid in winter, the temperature of a populous hive ranges from 86°
to 88° Faur. when the thermometer in the open air is several degrees below freezing.
But these authors have been deceived with regard to the real fact. The Hive Bee
certainly does not become forpid, but if entirely undisturbed it passes into that con-
dition in which its temperature of body and quantity of respiration are very greatly
diminished ;—a state of deep sleep in the combs, but a sleep which, so far from being
continued at a very low atmospheric temperature, then becomes broken, and is only
continued at a moderate temperature. It is true that when the hive is disturbed in
the winter, and it becomes so very readily, its temperature is soon raised to a great
height. There can be no doubt but that this was the case in the observations made
by the authors just noticed. They must necessarily have disturbed the bees when
they introduced the thermometer to take the temperature of the hive, since, as I am
about to prove, there are periods during the winter when the temperature of the hive
is so greatly reduced, and the bees are so inactive, that the temperature is scarcely
above that of the open atmosphere; and when the temperature of the air is increased
rapidly, that of the hive is even below it for a short period, just as we saw in the ob-
servations on the temperature of larvee during sleep; but if at that very period the
hive become disturbed, its temperature is raised in the course of a few minutes by
the excitement of the bees to a very great amount above that of the atmosphere, as
shown in Table XVI. Nos. 204, 205, so that we may fairly conclude that Huser and
the other naturalists were deceived in their observations by arousing the bees while
introducing the thermometer.

The observations detailed in the accompanying Tables on the hive were commenced
in October, when only a very few bees venture abroad, and were continued with but
few intermissions to the end of September in the following year, when the bees are
becoming inactive, and the temperature of the hive is very much reduced. All my
observations on the Hive Bee were confirmatory of the conclusions deduced from
observations on other insects, and proved that this useful and interesting little spe-
cies does not form an exception to the general rule.

From previous observations on the temperature of insects I had found that the

* New Observations on the Natural History of Bees, by F. Huser. (Translation.) Third Edition. Edin-
burgh, 1821, p. 224.
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amount of heat developed in a given time was in proportion to the quantity and ac-
tivity of respiration, and that the temperature of each species of insect can only be
increased to a certain extent above the temperature of the medium in which it is
living, and that when it has arrived at that point, whatever it happens to be, a copious
cutaneous transpiration takes place; and if the temperature be still increased, the
body of the insect becomes bathed in perspiration, and its temperature is immedi-
ately begun to be reduced. Now the degree unto which the temperature of insects
may be increased above that of the medium in which they are living, varies in the
different species as well as in the different genera of insects; each species has a cer-
tain standard of its own, beyond which its increase of temperature cannot be carried.
In some insects, as in the Hive Bee, this may perhaps amount to from fifteen to
twenty degrees, while in others it perhaps scarcely exceeds one or two degrees above
the temperature of the surrounding medium. Besides this, it has been found that
insects have a power of generating heat when confined in a given space, and that this
power is in proportion to the activity of respiration. I have had numerous proofs of
this fact in my observations on the varying temperature of the hive.

My experiments on the hive were conducted in the following manner: a common
straw hive was placed with its entrance hole in the direction of another wooden hive,
which was standing beside it in a bee-house, which was so constructed that the whole
of the back part of the house could be removed or closed at pleasure. The proper
entrance for the bees at the front of the bee-house was directly into the wooden hive,
from the side of which there was a little covered communication with the entrance
hole of the straw hive, to serve as a passage for the bees and a connection between
the wooden and straw hive. The object of this was to prevent any sudden effect
upon the temperature of the hive by changes which might occur in the temperature
of the air without. The interior of the straw hive was thus subjected as little as pos-
sible to the variations in the open atmosphere, since the bees were obliged to pass
through the empty wooden hive to its entrance hole before they could reach the open
air. In order to make the experiment with the greatest accuracy, it was necessary
that the bees should never be disturbed while making an observation, and therefore
a small crow-quill sized thermometer, with a long free bulb, was passed through a
hole just large enough to admit it in the top of the straw hive, about eight inches
from the centre, and retained there during the whole of my subsequent observations
without being removed or touched. The bees at first seemed a little inconvenienced
by its presence, but within two or three days they became accustomed to it, and, as T
had reason to believe, removed the comb and wax from around it, so that the bulb of
the instrument was remaining about.an inch within the free space of the hive, and
the observations were then made at intervals, and with the greatest accuracy. The
temperature of the atmosphere was taken with a thermometer of similar size and con-
struction to the one used for the hive, and the two had been carefully compared be-
fore the first was passed into the hive. It was thus only necessary to notice from
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time to time the rise and fall of each thermometer, and to note the difference between
them, the temperature of the air being of course taken in the immediate vicinity of
the bee-house. By this course of observation it was found that the temperature of
the hive, when the bees are in a state of repose, varies with that of the atmosphere,
but that the change within the hive is never so rapid as in the atmosphere, unless
the bees have been disturbed. When the temperature of the atmosphere has risen very
suddenly, I have found it exceed that of the hive by one or two degrees, as in Table X V1.
No. 173, provided the bees continue in a state of entire rest; but if, on the contrary,
the temperature of the atmosphere be suddenly diminished, that of the hive will sub-
side also, but with much less rapidity. 'These facts are shown in the observations,
Table XIV. Nos. 85 and 86, and also in all the observations on the tables which were
made after one o’clock at noon on each day during the winter. Sometimes the ther-
mometers became exactly equal to each other, as in No. 124. On the other hand,
when the bees are in a state of activity and respiring quickly, the hive is even then
affected in the winter months by great changes in the temperature of the external
atmosphere, particularly if these changes occur late in the antumn or in the beginning
of the winter season. But a change in the temperature of the atmosphere in sumimer
does not so readily affect the temperature of the hive, because in summer, when the
general temperature of the atmosphere ranges from 45° Fanr. upwards, the bees are
always in a state of activity, and are not themselves so readily affected by sudden
atmospheric changes of temperature; while in winter, when the temperature of the
season ranges from 45° Faur. downwards, the bees are very soon affected by dimi-
nished heat, and become disposed to pass into a state of hybernation, in which state,
as we have before shown, scarcely any respiration takes place, and the temperature
of the little animals sinks down, or very nearly so, to the temperature of the medium
in which they are placed ; and if there be a direct and free communication between
that medium and the external atmosphere, even down to that also. The amount of
temperature in the individual bee I have been led to believe, as before stated, is in
general from 10° to 15° Faur. above the temperature of the medium in which it is
living, when in a state of moderate excitement, but it seems liable to be still further
increased at certain periods, as in the hive a short time before swarming, and
when clustering together on the alighting board of the hive a short time before the
colony departs. In some observations made on the 5th and 27th of June, when the
temperature of the atmosphere ranged only from 56° to 58° Fanr., the temperature
of the hive was 96° and 98°, being at least 40° above that of the atmosphere. Now
the occurrence of this amazingly high temperature at these periods is readily ex-
plained by what we have learned of the habits of bees in incubating on the combs,
and voluntarily increasing their heat, by means of respiration, before the new bees
come forth, that being the season in which the population of the hive is perhaps
doubled within a very few days. A similar explanation is also afforded to us, i. e.
the excitement of the insects, and consequent greatly increased quantity and activity
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of their respiration,—of the surprising amount of temperature that may suddenly be
developed in the hive, even in the midst of winter, when the bees are disturbed, as
in the observations 190, 193, 195, 205, 214, 221, and many others on these tables.
I have found that be the insects ever so quietly at rest, and even passing into a state
of hybernating sleep, and although the temperature of the atmosphere be very much
reduced, as in the observations just noticed, and also in Nos. 52, 134, 137, and 139,
yet by exciting and arousing them, by gently tapping and shaking the hive, the bees
are immediately put into a state of great agitation, and in less than ten or fifteen mi-
nutes the mercury will be raised on the scale of the thermometer upwards of 36° Fangr.
above the temperature of the hive immediately preceding the experiment, when the
bees were quiet, although the temperature of the atmosphere may scarcely exceed
35° Fanr., and although the temperature of the hive itself had previously been not
more than 6° above that of the atmosphere. But this is not the greatest difference I
have observed between the temperature of the excited hive and that of the atmosphere.
It may appear surprising that any part of a well-peopled hive should at any time have
a temperature lower than that of freezing, 32° Faur., yet I have occasionally found
this to be the case both during the last winter, 1836-37, and once in the preceding
of 1835-36. In the latter instance it occurred but once, as indicated by the thermo-
meter. This was in the hive upon which I have made the whole of my series of ob-
servations, and the hive at the time was well populated. It happened on the morning
of January 2, 1836, at a quarter past seven, just before sunrise, when there was a
clear intense frost, and the thermometer stood at 17°5 Faur. The bees were per-
fectly quiet, and the thermometer which had been untouched since its first introduc-
tion into the hive stood at 30°, or only 12°5 above that of the atmosphere. The bees
were then aroused in the usual manner by tapping the exterior of the hive, and in
sixteen minutes the mercury of the thermometer had risen to 70° Finr., but I was
unable to excite the hive sufficiently to increase the temperature beyond this standard.
This was 52° Faur. above that of the external atmosphere, and 40° Faur. above the
previous temperature of the hive at that spot; but this was only the apparent, and
not the real temperature of the hive, and resulted from the great accumulation of ex-
cited bees in the immediate vicinity of the bulb of the thermometer, within the hive,
because a second thermometer having been introduced at a corresponding part of the
top of the hive, at about five inches’ distance from the first, indicated a temperature
in that part of only 45° Faur. These observations were sufficient to prove the incor-
rectness of attempting to ascertain the temperature of a hive of bees by occasionally
introducing a thermometer among them and taking the temperature of the bees when
excited by its presence. This circumstance was not lost sight of in my subsequent
observations. ‘At 12 aA.M. on the same day the temperature of the atmosphere had
risen to 30°7 Fanr., while that of the hive, as indicated by the first thermometer,
had subsided to 46° Fanr., and the bees within had become perfectly quiet. On the
- 5th of January at 1 p.m., the temperature of the atmosphere having risen to 50° Faur.,
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that of the hive stood only at 55° Fanr., while the bees aroused by the suddenly in-
creased temperature of the atmosphere were becoming active; and when the hive was
again excited by tapping it for a few minutes, the thermometer rose to 82°2, a dif-
ference of 32° above that of the atmosphere, and 27° above that of the previous tem-
perature of the hive, after which the temperature of the hive was maintained at 78°
during several hours, while the bees continued in a state of activity, the temperature
of the atmosphere being then congenial to their habits, and equal to the average
temperature of the month of April, when the hive is again becoming active. But
these are not the greatest amounts of temperature observed in the hive on its be-
coming excited during winter. In a second straw hive, which was exposed like the
usual cottage hives to the open air, I found the interior temperature, at 10 a.m., on
the 2nd of February, after the hive had been disturbed by tapping on its exterior, raised
to 102° FaHRr., the temperature of the atmosphere being 34>5, a difference of 67°5,
while the first hive, which had not been disturbed, was then 48>5, a difference of
only 14° Faur. between it and the surrounding atmosphere.

Although the hive be very much disturbed and its temperature be greatly increased
by exciting the bees during the middle of winter, it will soon become quiet, and its
temperature be reduced again to within ten or twelve degrees of the temperature of
the atmosphere within ten hours, as in the observations No. 205 and following, made
on the 2nd of January.

When the temperature of the hive has been increased suddenly, during the earlier
or latter part of the winter, which we have just seen is the case when the hive is
disturbed, the sudden increase of heat in their dwelling becomes intolerable to the
little inhabitants, and they immediately endeavour to reduce it by ventilation, pro-
vided the temperature of the external atmosphere be not too low to endanger them,
by exposing themselves at the entrance of the hive. When the temperature of the
atmosphere is at or near 40° Fanr., at the time when the hive is disturbed the heat
soon becomes oppressive, and although the degree of excitement within the hive be
very great, its temperature is quickly moderated by the assiduity of the bees. Ihave
often been amused by observing them, after the hive has been disturbed for a short
time, although but a few minutes before there was not a single bee on the alighting
board, come hastily to the entrance of the hive, and having arranged themselves
within three fourths of an inch of the doorway, begin to fan with their wings most
laboriously, to occasion a current of cool air through the interior of the hive. This
act is the more assiduously performed, when, as in the hive under observation, there
is not a free communication between the interior of the hive and the open atmosphere.
On one occasion, No. 138, when the temperature of the hive had been raised to about
70° FaHRr., the external atmosphere being scarcely more than 40° Fanr., the bees at
midday maintained the temperature of the hive steadily at 57° by this mode of ven-
tilating, the hive still continuing excited.

Although the bee can bear the transition from a hot to a cool atmosphere without
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inconvenience during the spring when the temperature of the atmosphere is only 45°
Fanr,, yet it cannot bear a sudden transition from hot to cold in the winter, even when
the temperature of the atmosphere is at 40° Fanr. I had a striking proof of this
while making the above observation, No. 138, at 11 a.m., on the 14th of November.
The hive had been for a considerable time in a state of excitement, and its apparent
temperature was raised to nearly 70°, while a great many bees were ventilating at
the entrance, and others flew abroad into the open air while the sun was shining, but
they very soon returned to the hive again. Shortly after this I found one individual
lying within the entrance of the wooden hive apparently dead. On exposing it for a
few minutes to the sun it began to revive, and was completely recovered, and able to
fly again to the entrance of the hive, in six minutes. A thermometer placed close to
the torpid bee in the sun rose only to 53°5 Fanr. It was thus shown that the bee
cannot bear a sudden transition in winter from a high to a low temperature, yet it will -
be seen by the Tables at Nos. 116 and 133, that the bees were active when the tem-
perature of the hive was not higher than 43°, that of the atmosphere being 35° Fangr.,
so that it is not until the medium in which the bees are residing is below 40°, that
the insects begin to pass into a state of repose.

From a gradually increased temperature through the months of March and April,
the hive acquires its maximum amount of temperature in the months of May and
June, the periods of the greatest activity, and when the largest proportion of young
bees is produced. We are now aware of the circumstances connected with the great
amount of temperature in the hive at this season, and of the power which the
bees themselves possess of increasing it at pleasure, or as the necessity for imparting
it to the young may demand. These facts will explain a circumstance connected
with the temperature of the hive, which without a previous knowledge of them might
have been of difficult solution. It is the circumstance before alluded to of one part
of the hive being of a higher temperature than another. This is the case in the hive
even when the bees are not in a state of excitement. I had been led to the observa-
tion of this fact during the winter when making experiments on the bees in a state
of excitement. Being anxious to know whether this was also the case in the spring
and summer, I introduced another thermometer through the top of the straw hive, at
the same distance from the centre, but on the side opposite to the one previously in-
serted. This was on the evening of the 12th of May, when the temperature of the
atmosphere was 58° Faur. The instrument on passing through the top of the hive
was plunged into a cell of honey, and the mercury rose to 78° Fanr., which of course
indicated the real temperature at that time of the honey and interior of the hive.
The mercury in the first or original thermometer was very quickly raised to 90° Fanr.
in consequence of the excitement of the bees within the hive, but shortly afterwards
sunk to 84°. During this time the temperature of the opposite side of the hive, as indi-
cated by the newly introduced thermometer, rose to and remained at 79° Faur. Here
then we have a clear proof that the sudden increase of temperature when a thermometer
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is passed into the hive arises from the bees flocking around it, and it is also a proof
that the natural temperature of these insects in a state of excitement may be raised
to 20° Faur. above that of the medium in which they are living, as shown in the ob-
servations on the Humble Bees. But this variation in the amount of temperature in
different parts of the hive does not very much affect our means of judging of the
average amount of the temperature of the hive at different periods when the thermo-
meter remains entirely undisturbed, because it is found that when the temperature
of the air is examined at about the same hour of the day, on two or more success-
ive days, and all other circumstances being nearly the same, there will be but little
variation in the average amount of temperature; so that we find the temperature of
the hive, at the period of swarming, amounts to about 96° Faur., while in the month
of August it is seldom more than 80° Fanr., or perhaps 86°, even in the middle of
the day, when the temperature of the atmosphere is often more than 78°Faur. The
cause of this difference between the amount of heat in the hive at this period and in
the time of swarming is readily explained by reference to the facts connected with
the production of heat. Less heat is in reality produced from the same volume of
air consumed at the high temperature of 78° Faur. than when the atmosphere is not
more than 66° Faur., as is often the case at the period of swarming, while in reality
a far less volume of air is consumed in August than in May, because the bees are not
in the same state of excitement. These facts readily account for the diminished tem-
perature of the hive in the month of August, when the temperature of the atmosphere
is in general higher than when the bees are most active.

During the period of swarming in 1836 I availed myself of the opportunity afforded
me by the annular eclipse of the sun on the afternoon of the 15th of May, of watch-
ing the effect of diminished light and atmospheric temperature on the temperature
of my hives, and the activity of their inhabitants, and found, as shown in the accom-
panying Table, that in proportion to the diminution of light the hives became quiet,
and the temperature of the hives decreased until after the eclipse had passed its
maximum, when as the light began again to increase, the activity of the hives became
restored, and with it a considerable increase of heat.
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Tasre VII.
Showing the variation in the Temperature of two Bee-hives compared with the Tem-

perature of the atmosphere, as observed at Chichester, in Sussex, during the An-
nular Eclipse of the Sun on the afternoon of May 15, 1836.
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1836 The bees have been clustering on the alighting board of thg
: { v ; . . 2 ml o2 R.2l 03.al 02, hive No. 2 for the last two days. The hive was now raise
May 15 am. 9 E.  |Light wind, fine| 677 87 | 15:3) 90-8) 25-1 an inch to prevent swarming. In No. 1 there are no indi-
cations of swarming. .
A, 10 E. |Light wind, fine| 69-3) 88-5| 19-2| 91-2| 21-9] Hives calm, but not many bees abroad at work.
A 12 E. |Calm, fine ...... 71:5{93:6| 22-1| 90-7| 19-2| Drones beginning to come abroad, no bees clustering.
M. 1% N. |Light wind, fine; 70 |92-3/22:3) 92 |22 O Abundance of bees around the hives, loud humming.
. . = 02, R al oa. Eclipse has commenced, many drones abroad, bees greatly
rM. 2 .N.W. |Light wind, fine| 69:3) 93-8) 24-3) 92-6| 23-1| excited, flying around the hives. '
pot. 2} N. |Light wind, fine| 693 92:323 |93-3| 24 O{S“f"el,,'vggz sensibly diminished, bees flocking home, very
r.M. 2% N. |Calm, fine ...... 675,93 |255/93 |255 2 Light still diminishing, scarcely a bee goes abroad.
PM. 2% N. |Light wind, fine 635 91528 |92-5|29 |(g Bees flocking home very rapidly, a few drones still abroad.
PM. 3 N. |Light wind, fine| 62 | 91-4) 294/ 92-5| 30-5| (@ Light greatly diminished. Geotrupes stercorarius on the wing.
Light more obscured, hives quiet as in the evening, not a
r.M. 3} N. |Light wind, fine| 59 |91:3|32-391-7|32-7 @ bee goes abroad ; cocks crowing, town in the distance
hazy, cool light wind, sky very clear.
pa. 3 20| N. |Light wind, fine| 57587530 |90-833:3| @ Ez;lg:jz past its maximum, two bees have just come home
r.M. 3% N. |Light wind, fine| 58 |87-2/20-2) 91-4| 33-4| @ {Llfrl:(ti Ze;;iglzbirrg:;ased, bees at the entrance of the hives
r.M. 3% N. |Less wind, fine..| 57 |85+5| 285/ 90-7| 33-7| [® Light still increasing, a few bees going abroad.
py. 3 50/ N. |Less wind, fine..| 57-5| 85-7| 28:2| 90-9| 33-4| @ Light much increased, bees still going abroad.
— N. |Less wind, fine..| 578 87-1| 29-3| 91-4| 33-6| ® { G;f;tlé:’:crease of light; one bee has again returned with
r.M. 4} N. |Light wind, fine| 58:5| 875/ 29 | 90-5| 32 @) Buzzing and activity in the hives increasing, bees departing.
pa. 4 200 N. |Light wind, fine| 587 86728 |89-8|31:1/") Ecll\iTEJ,se1 nearly terminated. But few bees abroad from
pM. 4% N. [Calm, fine ...... 595/ 875/ 28 | 89:9| 30:4|O Bees abroad from No. 2; eclipse terminated.
rM. b N. |Calm, fine ...... 61-5| 865/ 25 |90-3| 28:8| Bees abroad from both hives; sky clear, very fine.

5.  Quantity of Free Heat in the Hive.
Having endeavoured to ascertain the quantity of heat radiated from the bodies of

single insects, and also from one species of bee in society, I was desirous of gain-
ing some information respecting the quantity of free heat developed within the hive.
The information derived from the thermometer inserted at the top of the hive was not
sufficiently satisfactory, owing, as before stated, to the bulb being very frequently in
contact with the bodies of the bees. I therefore made the following trial, both with
the view of preventing the hive from swarming and of ascertaining the amount of
heat radiated from the bodies of the bees. So late as the middle of June, the bees in
the hive No. 1 had not swarmed, but appeared at that time as if about to do so. I
therefore elevated the straw hive upon a wooden one, of about thirteen inches square,
with a hole in the top of it about eight inches in diameter, which allowed of a very free
communication with the straw hive. In the back of this wooden hive was a window
for observing what occurred within, and the bees were obliged to pass and repass
MDCCCXXXVII. 2s
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through this wooden hive into the straw one above it. The hive being thus enlarged
the bees did not swarm, but extended their combs from above downwards, and filled
about one fourth of the interior with them. When they had become perfectly recon-
ciled to their enlarged dwelling, a second thermometer, similar to the one introduced
through the top of the straw hive, was passed through the side of the box, about three
inches from the top, so that it might not touch the combs, from which it was distant
about three or four inches, while its bulb extended about an inch into the interior of
the box or wooden hive, and the mercury in the scale indicated from time to time the
amount of free heat developed, uninfluenced by contact with the bodies of the bees.
The original thermometer still indicated the apparent temperature at the top of the
hive among the combs as before. The observations were begun upon the tempera-
ture of the wooden, or sub-hive, in the middle of July, when the bees had become
more quiet than in the time of swarming, and when the internal temperature of the
hive is diminishing. It was soon evident that the quantity of free heat developed
under these circumstances in the lower part of the hive, where there were no bees
congregating, was very considerable, and was often equal to, or even greater than that
of the apparent heat of the top of the straw hive, where the bees were in a state of
great activity. Sometimes the quantity of free heat at the bottom of the hive amounted
to 12°'8 above that of the external atmosphere, when its temperature was 67°2 Faur.,
and when the temperature at the top of the hive was only 13°1 above, even at 3 o’clock
in the afternoon, at which time, in the month of July, the hive is generally hottest,
from the numbers of bees which then return from the fields. Sometimes in the even-
ing, when the temperature of the atmosphere is almost always sinking, the free heat in
the lower part of the hive has amounted to 16°8 above that of the external atmosphere
at a temperature of 64°, while at the top of the hive the difference has been only 15°7.
In these cases the quantity of free heat developed must very far have exceeded the
amount indicated by the thermometer, since the constant ventilation at the entrance
of the hive admitted the cool air, and expelled the warm. In all the observations
thus made care was taken to notice through the window at the back of the hive that
there were no bees in contact with the bulb of the thermometer. This I had ample
opportunities of doing, and found that when a bee alighted, even but for a moment,
upon the bulb of the thermometer, the mercury rose in the scale at least one degree,
and immediately subsided again when the bee had departed. This is a further proof
that the temperature of a single bee in a state of activity is greatly above that of the
medium in which it is living. But it may be urged, perhaps, that this proves very
little, ana that the rising of the thermometer may occur from the circumstance that
the bee which came into contact with the bulb had passed suddenly from the top,
and heated part of the hive, to the lower and cooler, and that the transition of the
insect from one part of the hive to the other was too sudden to have allowed of its
being cooled down to the temperature of the lower medium before it touched the
thermometer. That this was not the case is proved by the circumstance that the
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same thing occurred both when the temperature of the medium in the upper hive was
hotter, and also when it was cooler than that of the lower, and also when both were
of exactly the same temperature. When the temperature of the external atmosphere
is very high, as at 75° or upwards, the temperature of the interior of the hive, except
at the period of swarming, is seldom more than a few degrees above it, either at the
top or in the free space at the bottom of the hive. The bees then are generally very
inactive, the heat becomes oppressive to them, and they leave the hive in great numbers.

6. Mean Temperature during Summer and Winter.

We have seen that the natural temperature of the hive during the winter is very
much lower than during the summer, and that instead of the hive possessing a tem-
perature of 86° Fanr., as stated by HuBer and other naturalists, it occasionally has a
temperature even below 32° in very low states of the atmosphere, while its mean, or
average amount in the months of January and December, when it appears to have the
lowest temperature, may not exceed 45°. It is, however, regulated by the temperature
of the external atmosphere, being in a very mild season higher, and in a very severe
season lower than its usual mean. Without very much digressing from the subject
of the present paper, I cannot help remarking that a knowledge of these facts may
lead us toa practical application of them, in the preservation and culture of the valu-
able insect which is the subject of these remarks, the Honey-bee. It tends to confirm
our opinion of the utility and prudence of the practice which is adopted by some
cultivators, of placing their beehives during the winter in vaults, or other subterranean
recesses, where they may remain in quietude, and in an almost uniform temperature,
unaffected by the changes of the varying season.

From the accompanying tables of the mean temperature of the hive, throughout
nearly the whole year, it is seen that the mean temperature in the different days and
months constantly maintains in every hive a certain relative amount of difference
above the temperature of the atmosphere, and that although occasionally interfered
with by casual circumstances, it is gradually increased from its minimum, in the
month of January, when probably it is not more than 6° or 7° above the atmosphere,
to its maximum, in May and June, when it amounts to from 25° to 26° or 27° Faur.,
after which it again declines through the months of July, August, and September,
until in the months of October and November it amounts to no more than 8° or 9°,
and the bees are again passing into a state of inactivity. The mean difference of the
first half of the year from February to the end of May, or up to the period of swarm-
ing, greatly exceeds that of the second half, from June to the end of November; in
the first half of the year the difference varies from 17° to 21° Faugr., while in the
second half it is only from 10° to 8° Faur. It will also be seen from one of the ac-
companying tables that the mean hourly difference of temperature is almost uniform
at the same hour and day of the same month in different years, even when the obser-
vations are made in different states and temperatures of the atmosphere.

282
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V. Temperature of Insects as connected with the other Functions of Life.

On reviewing all the circumstances connected with the temperature of insects, we
cannot fail to observe the remarkable coincidence between the amount of heat pro-
duced, and the quantity of respiration in these animals, under all the circumstances
of their existence. We have seen that whether sleeping or waking,—whether inac-
tive or in a state of great excitement,—the quantity of heat evolved by an insect is
always in proportion to the quantity and activity of its respiration. But there are
other circumstances which also claim our attention. When the temperature is in-
creased, the circulation of the fluids of the insect are also much accelerated, and there
is a greater amount of gaseous expenditure from the surface of the body. On the
other hand it is observed, that when the process of digestion is suspended, not only
is there a less expenditure of gasecus and feecal matter from the surface of the body
and from the alimentary canal, but the power and velocity of the circulation, the
quantity of heat, and the activity of the respiration of the insect are diminished.
These circumstances are readily demonstrated by experiments on insects, and lead
us to inquire what relation subsists between the great functions of life, and the
production, and variations, of temperature in these *little miniatures of creation,”
and whether the temperature of their bodies depends mainly upon one or more of
these functions, or upon the agency of that inexplicable source of all the voluntary
energies of the animal,—the nervous system.

1. Respiration.

The circumstances which affect the respiration of insects have been particularly
considered on a former occasion*. Itwas then seen that the contractions of the seg-
ments of the body in insects correspond with the acts of respiration in other animals,
and that these are greatest during a state of activity, and less frequent during a state
of repose. It is exceedingly difficult to determine the number of these respiratory
motions, per minute, in the larva state, even of the large Lepidopterous insects, and
to ascertain what relation they bear to the temperature, quantity of respiration, and
rate of pulsation of the dorsal vessel; but from a great number of observations on
the larva of the Sphinx in its fifth or last period, I am inclined to think that they are
not so frequent as in the perfect insect. It has been suggested by some naturalists that
since the progressive movements of the larva are mainly performed by means of the
longitudinal contractions of the body, that these are concerned in the function of re-
spiration, and this appears highly probable from the circumstances which take place
when a larva is submerged in spirits of wine or other fluid for the purpose of destroy-
ing it. At first it does not appear to be incommoded by contact with the spirit, but as
soon as it attempts to inspire it is immediately affected, and the four posterior segments
contract, and the whole body becomes shortened, as in the act of forcible expiration,

* Philosophical Transactions, 1836, Part II. p. 547. et seq.
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while strings of air bubbles issue from the spiracles, particularly from the posterior
ones ; an interval of a few moments succeeds, and then another contraction follows,
and more air-bubbles issue forth; and this alternate contraction of the segments, and
expiration of bubbles, takes place until the insect is completely asphyxiated, while
its body becomes contracted both in length and diameter. From these circum-
stances it seems highly probable that the contraction of the longitudinal muscles of
the body of the larva, during its progressive motions, are connected with the expi-
ratory act of respiration of the insect, just as similar parts in the body and thorax of
the perfect individual of the species are connected with the respiratory functions
during the motions of flight. In every condition of the insect the number of respi-
rations is in accordance with the activity of the animal, and with the quantity of air
it deteriorates in a given time, and they are also in accordance with the amount of
heat developed. Thus in the pupa state I have not observed more than three in-
spirations per minute, and these only when the pupa has been disturbed; and the
number of these corresponds with the small amount of respiration, and the low power
of generating heat in this condition. In the perfect insect of the same species, the
Sphinx, when in a state of excitement after great exertion, TaBLe V. No. 21, I have
counted forty-two, but at the expiration of an hour and a guarter, No. 23, when the
insect had become quiet, there has been only fifteen inspirations per minute. In the
Hive Bee and Humble Bees, the number of respirations has amounted to from one
hundred and ten to one hundred and twenty, when in a state of excitement, but when
very moderately active, to no more than forty. The same, and even greater difference,
is found in the Wild Bee, Anthophora retusa, StepH., in which, in a state of violent
excitement, the number of respirations once amounted to two hundred and forty in a
minute* ; while in the very same insect when first removed from its hybernaculum
in the autumn, or in the spring of the year, and when it has a temperature only a little
above that of the medium in which it has been living, it has scarcely more than two
or three respirations in the same space of time. In the common Green Grasshopper,
when moderately excited, TasLe VI. Nos. 11, 12, and after it had fasted during se-
veral hours, there were about thirty-seven or thirty-eight. In all these cases the
number corresponds with the amount of respiration or quantity of air deteriorated.

2. Pelocity of the Circulation.

But there is not merely an accordance between the activity of the insect, its quan-
tity of respiration, and amount of heat developed, but also between these and the
general rate of pulsation, or the circulation of the blood in its body. This therefore
demands our particular attention.

When an insect is remaining perfectly at rest, its rate of pulsation, like its respira-
tion and temperature, is greatly diminished. We are enabled to observe the pulsa-
tion of the heart, or dorsal vessel, both in the larva and perfect state of many insects,

* Philosophical Transactions, 1836, Part II. p. 550.
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but in none better than in the large Moths and Sphinges. When an insect has re-
mained for some time in a state of repose, both the power and rate of pulsation are
greatly diminished, but are again increased immediately the insect awakes. The
manner in which the pulsation takes place, as seen through the delicate skin of the
larva of the Puss Moth, Cerura vinula, STEPH., appears to be as follows: at the mo-
ment the insect begins to awake there is a slight extension of the posterior segments
of its body, followed immediately by a slight contraction of the same parts; and al-
most immediately afterwards there is an increased motion in the posterior part of the
dorsal vessel, in the twelfth or penultimate segment, where the vessel is broadest, and
as shown by Carus and WAGNER, receives a current of bleod which flows into it on
either side. The contraction, or ventricular action of the vessel, commences first in
this segment, and is gradually continued onwards through the chambers of the vessel
in the preceding segments by a series of successive impulses, from behind forwards,
communicated in succession by the valves in each chamber*, but which in the Cerura
and Sphinx are not observed through the skin of the insect. These contractions force
along the bleod through the chambers of the heart in the ninth, eighth, seventh, sixth,
and fifth segments with intermitted or pulsatory motion, so that while the middle and
- anterior chambers are contracting the posterior is again filling. The auricular, ex-
panding, or receiving action of the vessel begins also in the twelfth segment, where,
indeed, the greatest amount of blood seems to be received from the body, although it
is also received by the other valves in the different segments. Immediately the poste-
rior valve has impelled the blood onward to the next one, it begins again to expand.
If the action of the vessel be carefully examined, the expansion and contractions of the
chambers in the different segments in gradual succession from behind forwards, at
every impulse, may be readily observed. Each pulsation of the vessel is, I think, di-
visible into three periods: first, the auricular, or filling, which is rather the longest ;
second, the ventricular; and thirdly, the period of rest, which is immediately subse-
quent to the ventricular, but is of rather shorter duration. From these causes the
true arterial motion of the fluids through the thorax of the insect is later by one whole
contraction of the vessel than in the posterior segment or division of the organ; and
it is also evident, on watching the motions of the vessel, that the period of rest is
longer in the anterior or aortal portion of the vessel, which passes through the thorax,
than in the posterior or true dorso-abdominal. It has been shown in other parts of
this paper that after the insect has arrived at its full size as a larva there is a gradual
diminution in its quantity of respiration and temperature; and it is interesting to
observe that this is coincident with a similar diminution both in its actual weight and
in the pulsation of its dorsal vessel, and that the diminution continues until after the
insect has changed to its pupa state, as shown in the accompanying Table.

* See Bowzrrpank on Circulation of Insects, Entomological Mag. vol. i. p. 240.
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Tasre VIII.

A Table exhibiting the Temperature, Pulsation, Weight, &c. of the Larva of Sphinx
ligustri during its last or adult period, and their gradual and coincident dimi-
nution after the ninth and tenth days of that period.

& ol | €z EPET
g Period of ¢ £ % £ |3 |Weight| 22 | §5
8 Species. . Observation. 5.& 2l &3 e in |25 55| Ages Remarks.
5 e & |2 | Grains.| 85 | &
2 A |8 BT me
1834, h .
1 |Sphinx ligustri (larva) «.| July 30, am. 8 |70 [l o onencrecnnnnns Just entered its fifih and last
2 |Sphinx ligustri (larva) ... rM. 4 746/ 75:5] <9 [...] 153 |eeeiifoneens 8 hours| Q"‘rg;;}?::r:?ided no faces for
3 |Sphinx ligustri (larva) ... Sleam 4 fifoenne vevnesfens] 199 1 6 | 482 days
4 |Sphinx ligustri (larva) ...] Aug. Loem. 4 [..feeedo w2744 7°5 |3 days | Has voided no faces,
5 |Sphinx ligustri (larva) ... 2.em. 7 738 -2 | 4 |...| 41-3 | 6:5|13'9 |4 days | Sleeping.
6 |Sphinx ligustri (larva) ... 3.p.m. 4 15/72-4{734|1- |50| 56-6 | 8:615-3 |5 days | Quiet.
7 |Sphinx ligustri (larva) ... 4.em 5 |719|72:9/1- (50| 691 |19 |13'5 |6 days | Quiet, but not feeding.
8 |Sphinx ligustri (larva) ... pM. 5 45|72:5/73'81 1:3 56| 715 |.....loveei]oennnnn, Active and feeding.
9 |Sphinx ligustri (larva) ... 5.am. 9 |713726/1-3 |51} 775 (1144} 6 |7 days | Aroused and beginning to feed.
10 [Sphinx ligustri (larva) ... r.M. 8 30/69:9|71°1)1-2 {51] 85 |10-8| 75 |..ccvuuee Just aroused.
11 ISphinx ligustri (larva) ... 6. A, 7 30(71-1)72:3| 1-2 905 . Aroused ; beginning to feed.
12 |Sphinx ligustri (larva) ... rM. 5 30/70 |7121-2 Feeding,
13 |Spbinx ligustri (larva) ... 7.am. 6 |68:-3/ 687 -4 Sleeping.
14 |Sphinx ligustri (larva) ... AM. 6 15684693 -9 Aroused and beginning to feed.
15 |Sphinx ligustri (Jarva) ... r.M. 4 30|69:2703] 11 Quiet ; feeding. ‘
16 |Sphinx ligustri (larva) ... 8. 33072 |729] 9 Very active; discoloured; re-
A . Active; i ;
17 |Sphinx ligustri (larva) ... pM. 5 30| 71:3|72°1] -8 ‘;nl;i:e’ ]a&zl_;gusfilscoloured 5
18 |Sphinx ligustri (larva) ... r.M. 6 30{71°5/72-3| -8 Very active; no food eaten.
19 |Sphinx ligustri (larva) ... vt 7 30704/ 704|1- [40] 915 |ooeiloii oo, {M‘f‘;’c‘eseg:;;gf fasting ; o
. . oy al po.1] . . Active; more discoloured ;
20 |Sphinx ligustri (larva) ...| r.m. 10 30/ 68:3] 69-1) 8 |37| 90 1t IO RN voided soft discoloured faces,
21 |Sphinx ligustri (larva) ... 9. am. 7 30{67-4/67-8) -4 24| 887 |......|...... 11 days| Has slept during several hours.
22 |Sphinx ligustri (larva) ... AM. 7 45685691 6 [28] 886 [.ooileererifevrrenens Awaking; temperature of air
rising rapidly.
I . i al . . In incessant action; aboutto
23 |Sphinx ligustri (larva) ... p.M. 11 30| 683 68-8] 5 |29] 803 |......lieceei]oeernunes enter the earth,

This difference in the velocity of the circulation at certain periods is an important
circumstance as connected with the present subject,—the relation of the velocity of
circulation to the temperature and respiration of the insect. For the purpose of
ascertaining the rate of pulsation at different periods of the larva state with precision,
I selected a healthy specimen of Sphinx ligustri, and commenced my observations
upon it exactly seventy hours after it had left the ovum. At the moment of leaving
the ovum it weighed only one eightieth part of a grain, but I was accidentally pre-
vented from watching the rate of pulsation at that time. This individual was kept
apart from other specimens from the moment it escaped from the egg until it changed
into the pupa state. During this time, its weight, faecal expenditure, rate of increase
from the making of one observation to the making of another, were all carefully
noted, as well as the velocity of the circulation at different periods of its growth.
Unfortunately, however, I was then without my thermometers, which prevented me
from observing the temperature of the insect, and thereby completing the exami-
nations. From these observations it appeared that the rate of pulsation is greatest
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during the first and second periods of the larva state, or before it has entered its third
skin, and when its weight is no more at most than two thirds of a grain. From not
knowing the temperature of the atmosphere at the period of making the observations
on this insect in its second skin, I am doubtful whether the rate of pulsation be not
in reality greatest during the earlier life of the larva, before it has thrown off its first
skin, because this was really the case in all the observations, if we except only two
which were made on the afternoon of the same day, when the larva was at about the
age of two hundred and seventeen hours. These observations being excepted, it will
be seen from Table IX. that the rate of pulsation is gradually diminished from the
earliest period of the larva state until the insect has changed into a pupa,—that while
the rate of pulsation within a few hours after the insect has left the egg varies from
seventy-five to ninety, and in its second skin, or at an average age of about two hun-
dred and forty hours, it is but very little lower, it becomes in its third reduced to an
average of seventy-five, in its fourth to less than sixty, in the middie period of its
fifth to a maximum of fifty-five, and the latter period of the same to scarcely more
than thirty-two pulsations per minute. These are interesting facts as connected with
the power which the insect possesses of generating heat. It is, as before stated, at
about the middle period of its fifth state or condition as a larva, when it is feeding
most voraciously, that the insect is able to generate the greatest amount of heat.

Although it will be seen from the additional facts about to be stated that both during
sleeping and activity, when most vigorous as a larva, as also when passing into the
enfeebled condition of a pupa, there is a coincident and correspondent activity or
diminution in the rate of pulsation with the increase of motion, respiration, or diges-
tion ; yet the primary source of the development of heat is not dependent upon the
velocity or rapidity of the circulation, since the period in which there is the greatest
rapidity of circulation is that in which the larva is least able to generate and maintain
its greatest amount of temperature. Another circumstance which tends greatly to
prove that the amount of heat does not necessarily depend upon the rapidity of the
circulation is the different rates of pulsation when the insect is placed in different tem-
peratures, or when in different states of health in the same temperature. In the first
case the rate of pulsation may be very considerably increased, while the amount of tem-
perature remains nearly, or perhaps exactly the same. In the latter instance the tempe-
rature may continue exactly the same, but the rate of pulsation be diminished. Thus
in two specimens of Sphinx ligustri which were both of the same age, and in similar
conditions of activity, feeding in the same atmospheric temperature, when the obser-
vations were made upon both at the same time, the temperature of the insects was
exactly the same, *9 above that of the atmosphere, but the rate of pulsation in one
specimen, which was perfectly healthy, was forty-one beats per minute ; while in the
other, which was unhealthy, it was only thirty-eight.
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TasrLe IX.

315

A Table showing the rate of Pulsation of the Dorsal Vessel at different periods of the
Larva and Pupa state of the Sphinx ligustri, LiNN.

) . R o
& ElzE g5 8| 4 ;
s Species. Period of obser- S |2 ED g & H § Ageﬁgﬂi?s or Remarks.
3 vation. = 3 e (S £
A & k= 8
1835.
1 | Sphinx ligustri (larva)... | July 14 p.m. 2 1 day Larva has just burst from the egg.
2 | Sphinx ligustri (larva)... 15
3 | Sphinx ligustri (larva)... 16rM. 5 3 days, or 51 | After leaving the egg.
4 | Sphinx ligustri (larva)... 17 am. 12 4 days, or 70
5 | Sphinx ligustri (larva)... 18 pom. 2 5 days, or 96 | Quiet, but not sleeping.
6 | Sphinx ligustri (larva)... 19 oM. 2 6 days, or 120 | A little excited.
7 | Sphinx ligustri (Jarva)... r.M. 4 fereennnns ... 122 | Has been perfectly at rest for an hour.
8 | Sphinx ligustri (larva)... 20 pm. 2 7 days, or 144 | Sleeping.
9 | Sphinx ligustri (larva)... 21 pv. 2} 8 days, or 1681 | Sleeping, preparing for change.
19 | Sphinx ligustri (larva)... 22 am. 12 9 days, or 190 | Has just assumed its second skin.
11 | Sphinx ligustri glarva)... PM. 35| 80 | o |eeeeen foeennd] 021, 1931 | Sleeping, but has not yet eaten.
12 | Sphinx ligustri (larva)... 23 A, 7% 10 days, or 209} | Quiet, but not sleeping.
13 | Sphinx ligustri (larva)... PM. 1 [10S | 3 | 05 cceeis]venes fooeernnnn ... 215 |Sleeping.
14 | Sphinx ligustri (larva)... PM. 33 (103 | eevene | nies fornead] vivees fernnnnnes s 2173 | Quiet, but not sleeping.
15 | ‘Sphinx ligustri (larva)... 24 p.om. 3% .. |11 days, or 241% | Sleeping.
16 | Sphinx ligustri (larva)... 25 am. 93 . |12 days, or 259% | Sleeping, and preparing for change.
17 | Sphinx ligustri (larva)... 26 am. 8 13 days, or 282 | Has just assumed its third skin.
18 | Sphinx ligustri (]arvag... AM 2 | 79 | 2% | 25 heiii] s feeerennneees 286 | Sleeping.
19 | Sphinx ligustri (larva)... 27 . |14 days
20 | Sphinx ligustri (larva)... 28 M. 7% 15 days, or 329} | Feeding,atmospheric temperature reduced.
21 | Sphinx ligustri (larva)... pv. 1 VTR 335 | Sleeping.
22 | S,hinx ligustri (larva)... 29 A, 73 16 days, or 353} | Quiet, but not sleeping.
23 | Sphinx ligustri (larva)... AMI0 | 36| 35] 7 | 12 i lviininnnnnn 356 | Sleeping, preparing for change.
24 | Sphinx ligustri (larva)... 30pm 1 e | 17 days, or 383 | Has just assumed its fourth skin.
25 | Sphinx ligustri (larva)... pM. 73| 44| 35| 2 eveeeennee. 3891 | Sleeping, has fed a little.
26 | Sphinx ligustri (larva)... 3lrm. 6 | 56| 5914 18 days, or 412 | Sleeping.
27 | Sphinx ligustri (]arvng... Aug. lpm. 33| 53| 94| 2 |35]....|19 days, or 433} | Sleeping.
28 | Sphinx ligustri (larva)... M. 9348 [ 105] 5 | 'l | foevennnnnans 4391 | Sleeping.
29 | Sphinx ligustri (larva)... 2am. 111|837 | 134 | 146 | 2:91...... |20 days, or 453} | Sleeping.
30 | Sphinx ligustri (larva)... pM. 33[ 47 | 147 7 [ 13]...... ceerereanens 4573 | Sleeping.
31 | Sphinx ligustri (]arvag... rM. 6352 | 151 -6 3 RN RO veeeese 460} | Quiet, but not sleeping.
32 | Sphinx ligustri (larva)... 3am. 7 | 3318324 | 32]...... 21 days, or 473 | Sleeping. .
33 | Sphinx ligustri (larva)... rv. 1343 | 197] 111 ) Y5 IR AR, 479% | Sleeping. X
34 | Sphinx ligustri (Iarvag... 4AM12 |29 o] eini] vinnns veeens 22 days, or 502 | Has been sleeping 12 hours for changing.
35 | Sphinx ligustri (larva)... 5pM. 5 oo I TN veeene 23 days, or 531 | Has just assumed its fifth skin.
36 | Sphinx ligustri (larva)... rov 103 | 34 | 171 7 0|26 |ieeeeerennns 536} | Sleeping.
37 | Sphinx ligustri (larva)... 6amMm.12 | 39| 197| 16 | 26]...... |24 days, or 550 | Sleeping.
38 | Sphinx ligustri (larva)... 7am 71|38]277]| 5" 8 |ieeiee 25 days, or 5693 | Sleeping, pulse irregular.
39 .| Sphinx ligustri (larva)... poM. 73| 37 | 333| 31 | 56|.cii feerernens ... 5813| Quiet. .
40 | Sphinx ligustri (larva)... Sam 83|41 | 402 38| 69]...... 26 days, or 5943 | Quiet, pulse full and quick.
41 | Sphinx ligustri (larva)... pM. 11| 47 | 426 27 | 24 evvenenes .. 5991 | Feeding.
42 | Sphinx ligustri (larva)... v 10 | 39 | 49-1| 42 | 65 |.uiii foeunnnne. ... 620 [ Sleeping.
43 | Sphinx ligustri (larva)... 9am. 63|28 |54 |5 4:9|...... |27 days, or 628} | Perfectly at rest, and sleeping.
44 | Sphinx ligustri (larva)... AM 1111 36 | 581 | 2750 41 |...ce. |oueeeeennns. 6333 At rest.
45 | Sphinx ligustri (larva)... am. 127 | 55| 59:1| 0 1 eerverenes 634 | Feeding.
46 | Sphinx ligustri (larva)... p.M. BL| 43 | 636 56 B | vevens ferveennnns .. 639} Sleeping,
47 | Sphinx ligustri (larva)... 10am. 7 {29727 83 . 28 days, or 653 | Sleeping.
48 | Sphinx ligustri (larva)... pm. 13| 53 | 83:5| 49 |10:8]...... |.eeeee veeens 6593 | Sleeping.
49 | Sphinx ligustri (larva)... e, 7 | 46 | 867 | 89 5 T I 665 | Sleeping.
50 | Sphinx ligustri (larvag... 11am. 7 | 29| 90213 3+ . |29 days, or 677 | Sleeping.
51 | Sphinx ligustri (larva)... r.M. 23| 50 (102 | 87 . veeerenseens 6841 | Sleeping.
52 | Sphinx ligustri (larva)... v, 73| 45 {1066 | 96 L T TR 689} | Feeding.
53 | Sphinx ligustri (larva)... 12 A, 73| 44 |118:219:3 . .. |30 days, or 701} | Feeding.
54 | Sphinx ligustri (larva)... Aam 12 | 52 |117-4(187 | O veeesieenee. 706 | Feeding.
55 | Sphinx ligustri (larva)... pm. 13| 52 (1167 22| 0 Has been feeding during the last hour.
56 | Sphinx ligustri (larva)... rm. 93| 47 |128 (13 6-3 7153 | Quiet. . .
57 | Sphinx ligustri (Jarva)... 13 am. 63|33 (1144| 0 0 31 days, or 724} | Has escaped unfed during the night.
58 | Sphinx ligustri (larva)... PM. 4 | 34 (123311044 | 89| .ccei fvreerrens .. 734 | Quiet.
59 { Sphinx ligustri (larva)... 14 am. 741 28 {124:7 1172 | 1+4]...... (32 days, or 749} | Sleeping.
60, | Sphinx ligustri (larva;... v 13186 (1182 47| 0 | 65 |ieerenneen . 7553 | Active, and discoloured for change.
61 | Sphinx ligustri (larva)... 15am. 9 | 34 |100:1] 0 0 [18'1 |33 days, or 775 | Very active, preparing for change.
62 | Sphinx ligustri (larva)... AMm 123 31| 97°2| 0 0 | 29 [iiieerennnnn 83 | Restless, discoloured. .
63 | Sphinx ligustri (larva)... PM. 5 | 26 |aeens|aennen vevere] srveee fovsraneerees 783 | Just entered the earth for changing.
Skin.
64 | Sphinx ligustri (pupa)... 20aMm.10 |22 | 711 32 |......[28:1 (38 days, or 903 | Pupa still soft, has very recently changed,
MDCCCXXXVII. 2T
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Thus also in the larva of the Puss Moth, Table X. A. No. 7 to27. Although the
temperature of the atmosphere was gradually raised through twelve successive hours
from 695 Famur.at 5% a.m.,—when the larva, which had been sleeping through
several hours, and had a temperature of only ®5 above that of the atmosphere, and
its pulse was beating at the rate of forty-seven per minute,—to 80°4 Faur. at 53 p.m.
the insect then had a temperature of only 8, while its pulse was beating at the rate
of eighty-eight per minute. Again, at 7 on the following morning, atmosphere 75°2
Fanr., the temperature of the insect at rest was only >9; at the expiration of one hour
and a half it had not been increased, and the insect was still at rest, but the pulse
had risen to sixty-eight, while at 9 a.m., when the insect was aroused and feeding, its
amount of temperature was still the same, but the number of its pulsations then
amounted to seventy-two. At 7 o’clock on the following morning, when the insect
was active and preparing for transformation, its temperature being 7, its pulsations
were at the rate of sixty per minute; but half an hour afterwards, when the tempe-
rature of the insect was 9, the number of pulsations was not increased ; and at the
expiration of an hour, when the temperature had again sunk to °7, the pulse had also
subsided to fifty-four. This very insect, A. No. 1, which immediately after it was cap-
tured had been placed in a box in my coat-pocket, and after remaining there for some
time, excited by immoderate warmth, had a temperature of 13°5 Fanr. above that of
the atmosphere, which was then 68° Fanr., while the pulse of the insect was ninety-
nine per minute. But one hour afterwards, when its temperature had sunk to 23,

‘the pulsations were only sixty-four. At the expiration of another quarter of an hour
they had risen again to seventy-two, while the temperature of the insect had sunk to
1°6 Faur. Thus then, although in general we cannot fail to observe the almost con-
stant uniformity or correspondence between the number of pulsations and the tempe-
rature of the insect, as in Nos. 6, 14 and 17, it is evident that the amount of tempe-
rature does not necessarily depend upon the rate or mere velocity of pulsation.

On examining the Table now referred to it will be seen that there is a remarkable
difference in the rate of pulsation, as well as in the temperature of the larva of the
Puss Moth and of the Sphinx ligustri of the same age, and at about the same tempe-
rature of the atmosphere as on Tables VIII. and X., from which it is seen that neither
the temperature of body nor the rate of pulsation is so great in the Sphinx as in the
Puss Moth, while in both is observed the general coincidence of the rate of pulsation
with the amount of temperature. In both the Tables VIII. and IX. it is seen that
when the larva is about to change into the pupa state the pulsations are reduced from
thirty-two to twenty-eight, and even to twenty-six; and when the change into the
pupa state is completed, the rate of pulsation is not more, in some instances, than
twelve beats per minute. When the insect is in its most complete state of hyberna-
tion the circulation in the pupa is reduced to its lowest condition, and there is perhaps
an almost entire absence of pulsation, although I have reason to believe that the fluids
still circulate even when there is no development of external heat.
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TasLe X.

Showing that the Temperature is greater and the Pulsation more frequent in the larvie
of those insects which undergo their metamorphoses in the open air, as the Puss
Moth (Cerura vinula), than in those which undergo their changes in the carth, as
the Sphinx ligustri, and others.

& o
‘5 Speci Period of observati 5| % g g & Remark
: pecies. eriod of observation. Eﬁl‘ E %; % < €marks.
z & | &
1834. h m . .
1 | Cerura vinula (larva), A, July 16 A.m. 9 68 815135 | 99 | 7th day. Just captured, and confined in my box in my
pocket, perspiring copiously.
2 | Cerura vinula (larva), A. AM. 10 7051728 2:3 Insect active, but more calm; pulse full, sinking.
3 | Cerura vinula (larva), A. A, 1015 727 1743 16 Very active, in constant motion, pulse small.
4 | Cerura vinula (larva), A. AM 1030 [nenndfonnees Has rested a few minutes, asleep.
5 | Cerura vinula (larva), A. Am. 11 73D leeiealinrens Has been sleeping half an hour.
6 | Cerura vinula (larva), A. AM. 1115 178:51748| 1-3 Aroused and excited.
7 | Cerura vinula (larva), A. 17 a.m. 5301695170 -5 Has been sleeping during several hours.
8 | Cernra vinula (larva), A. am. 7 [7141723] 49 Moderately active. )
9 | Cerura vinula (larva), A. Aam. 730172 17219 <9 .| At rest.
10 | Cerura vinula (larva), A. AM. 745 (723172:9| -6 ..| Sleeping.
11 | Cerura vinula (larva), A. am. 8 7251732 7 .| Still sleeping.
12 | Cerura vinula (larva), A. am. 9 722732 10 Active, and feeding.
13 | Cerura vinula (larva), A. amM. 915 172:2173-3| 1:1 Resting. -
14 | Cerura vinula (larva), A. aM. 930731742 11 TFeeding.
15 | Cerura vinula (larva), A. AM. 945 732744 12 Still feeding.
16 | Cerura vinula (larva), A. aMm. 1015 173:2174:3| 1-1 Active, but not feeding.
17 | Cerura vinula (Jarva), A. AM. 11 744757 13 Very active.
18 | Cerura vinula (larva), A. AM. 1245 78580 | 15 Very active.
19 | Cerura vinula (larva), A. pv. 115785802 17 Still very active.
20 | Cerura vinula (larva), A, r.v. 445 80°5(81-9| 14 Moderately active.
21 | Cerura vinula (larva), A. r.m. 530 (804812 -8 Less active.
22 | Cerura vinula (larva), A. 18 am. 7 [75:2(761| 9 Sleeping, or quiet,
23 | Cerura vinula (larva), A. am. 830754763 9 Quiet.
24 | Cerura vinula (larva), A. AaM. 9 761177 9 Aroused and feeding.
25 | Cerura vinula (larva); A. 19 am. 7 707714 <7 .| Changing colour for transformation.
26 | Cerura vinula (larva), A. AM. 7307091718 -9 More discoloured.
27 | Cerura vinula (larva), A, AM. 8 707 171 03 Preparing to spin its cocoon.
28 | Cerura vinula (larva), B, 16 A.M. 1030 |71-8(72:3| 5 After feeding 36 hours, just fed, sleeping.
29 | Cerura vinula (larva), B. AM. 1045 (71°8172-5| -7 | A little active.
30 | Cerura vinula (larva), B. 17 am. 53016851687 2 .| Is spinning its cocoon for transformation.
31 | Cerura vinula (larva), B, rm. 1151(78:5(78:9| 4 ...| Still spinning its cocoon.
32 | Cerura vinula (larva), B. p.M. 445(789(792| -3 ..| Still spinning.
33 | Cerura vinula (larva), B. 19 Am. 730 (70:9(71-3| -4 Has been retarded from changing.

But it is not only at the period of change into the pupa state that the pulsation is
greatly reduced, the same thing takes place immediately before each change of skin
in the larva, as shown on Table IX. Nos. 9, 23, 34, and 63. At those periods the
temperature and respiration are also reduced, and the insect ceases to eat; but soon
after the change of skin has taken place the respiration and temperature are again
increased ; but the average rate of pulsation is never so great as before the previous
change of skin, and it continues to be diminished at each succeeding change.

The following observations made on larvee of Sphina ligustri of the same age, at
different periods after entering their fifth or last skin, and when the pulse in each was
regular and full, will further illustrate the general accordance which exists between
the rate of pulsation and amount of temperature when the pulsation has not been
accelerated by inordinate activity or other causes.

2T2
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TasrLe XI.
Period of observa- | N, Age of the Insects. Atmo- | 1ngect. | Differ- | Pulse.
5 sphere. ence,

July 31,1834, | 1 | Three days in last skin, feeding ....ccceveisiiininnnnnns 7?-2 7‘3'3 1 54
2 | Three days in last skin, resting ....ccccovevienenninnnn. 712 (722 1 49
3 | Five days in last skin, feeding ....ccovvenvenieniennininns 712 1 722 | 1 49
4 | Five days in last skin, feeding ......cocevrenneinniinnennn 716 | 726 | 1 50
5 | Seven days in last skin; has been long sleeping ...| 71-2 | 716 4 29
6 | Seven days in last skin; aroused and active ......... 716 | 724 -8 38

The same general accordance which exists in the larva between the quantity of
respiration, amount of heat developed, and number of pulsations, exists also in the
perfect insect. In order to observe the number of pulsations in the perfect insect it
is necessary to denude the dorsal surface of the abdomen of its thick covering of
scales, and when this has been done completely the pulsation of the vessel is readily
observed. In a male specimen of Sphinx ligustri which had been exerting itself in
active flight for several minutes around my sitting-room, I found the number of pul-
sations was 127 per minute, while the insect then had a temperature of 9° Fanr. above
that of the atmosphere, which was 70° Faur. On the following day, after it had been
exerting itself in a similar manner for a much longer space of time, the temperatare
of the atmosphere being 69°5, the number of its pulsations was then 139, and its
number of respirations forty-two per minute, but its amount of heat was only 5°5 Faug.
When it had remained at rest about half an hour its temperature was only 5, while the
number of its respirations was eighteen, and of its pulsations forty-nine; and at the
expiration of three quarters of an hour, when it was perfectly quiet and apparently
asleep, its temperature was only ®2, its number of respirations fifteen, and its pulse
forty-two. In these instances the accordance between the number of respirations
and pulsations, and the temperature of the insect was nearly uniform, but in some of
the other observations the same uniformity between the amount of heat developed
and the number of pulsations is not so strictly observed. Thus in No. 12, Table V.,
the temperature of the insect after violent exertion was 9° Faur., the number of pulsa-
tions 127, while in No. 14 the temperature was only 4°6, but the pulsations amounted
to 151 ; and in No. 15 the temperature was 4°3, but the pulsations only 110.

It is thus evident that in the perfect insect, as in the larva, there are sometimes
similar irregularities in the rate, or velocity of pulsation, and which irregularities
when compared with each other do not appear to have relation to the quantity of
heat developed, while the general, or what appears to be the average rate of pulsa-
tion, is in almost uniform accordance with the amount of heat and number of respi-
rations. But these apparent discrepancies may, perhaps, be explained by the circum-
stance, that when the pulsations are excessive in number they are small, rapid, and
intermittent, like the pulsation in certain excited states in the human body, and this
is the case in every instance of excessive pulsation, both in the larva and perfect in-
sect; while in those instances in which there is a near accordance between the rate
of pulsation, amount of heat developed, and number of respirations, the pulsatory
motions are full, regular, and without intermissions, so that the relative quantity of
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blood which is steadily submitted to the influence of the air in the respiratory organs
is perhaps greater in the latter than in the former instances. This circumstance may
also account perhaps for the smaller amount of heat generated by the larva in its
carlier than in its latter condition, although the number of its pulsations is more than
double in the earlier than in the latter period. In the full grown larva the pulsations
are steady and full, with much power, but in the earlier state of the larva they are small,
rapid, and intermitting. From these circumstances we may fairly infer that the
quantity of heat developed is more dependent upon the quantity of respiration than
upon the velocity of the circulation.

3. Digestion.

The influence which the process of digestion exercises over the production of heat
is very considerable. We have before seen that in the larva the greatest amount of
heat is produced after the insect has fed, or while it is feeding and becoming
much excited. It is at these periods that it deteriorates the greatest quantity of air,
which quantity is then necessarily required during its respiration in assimilating
the new matter which has just been taken into its circulation through means of the
digestive process. In the perfect insect the circumstances are exactly the same, its
temperature is greatest after it has fed, and is then exerting itself, and at that time
it respires the greatest quantity of air. On the other hand, when the insect is fasting,
the quantity of heat evolved by it, even during great exertion, is much diminished,
while the quantity of air consumed is smaller than the quantity consumed under
similar excitement after it has taken food.

4. Gaseous, or Cutaneous Expenditure of the Body.

The cutaneous expenditure of the body is closely connected, both with the digest-
ive process and with the regulation of the temperature of the insect. It is seen in
the observations on Melolontha solstitialis and other species, that the amount of
gaseous expenditure is exceeding great, and that after the temperature of the insect
has been raised to a certain amount, a profuse perspiration breaks out, which is the
natural cooling process of the body. The pulse also is considerably affected by it,
as shown in the larva of the Puss Moth, which had been subjected to high tempera-
ture, and which soon became bathed in perspiration, Table X. No. 1 and 2. The
exact correspondence which exists between the quantity of gaseous, or cutaneous ex-
penditure, acceleration or subsidence of the pulse, increase or decrease of weight,
and quantity of respiration in every period of the larva, pupa, and perfect state, is very
remarkable. The quantity appears to be at its maximum in the very active perfect
insect, and is greater than in the larva, or in the pupa, in which it is at its minimum
when the pupa has the smallest amount of respiration; but in all cases it is least
during the state of most complete inactivity. In the common Hive Bee in a state of
activity the amount is prodigious, and very soon becomes evident, if the bee be con-
fined in a very small glass phial, closely stoppered, and kept in a state of excitement.
The perspiration from the insect is then condensed upon the interior of the phial, and
if several bees be confined together, the bodies of the little insects themselves become



320 MR. NEWPORT ON THE TEMPERATURE OF INSECTS.

bathed with perspiration. In the summer of 1832, I endeavoured to ascertain the
quantity of gaseous expenditure in the larvee of Lepidoptera compared with the
weight, quantity of food eaten, increase, and feecal expenditure of the insect, in a
given time, and it was then found that the quantity of gaseous is equal to, or even
greater than the quantity of feecal expenditure, even in these animals in which the
latter is so enormous. The first subject of my observations was my old favourite,
the larva of Sphinx ligustri. The specimen on which my observations were com-
menced had been confined fasting about twelve hours, when it weighed 79'8 grains,
having at the commencement of the twelve hours weighed 833 grains. During this
period of fasting it had passed two masses of faeces, which weighed only 1-7 grain,
consequently it had expended by the skin and respiratory organs 1'8 grain, an
excess of one tenth of a grain in the gaseous expenditure. It was then supplied with
fresh food, of which it ate 28 grains, and weighed 82'1 grains at the expiration of the
first hour ; had passed no feces, but had expended ‘5 of a grain from the skin and
respiratory organs. It was then made to fast for an hour, and afterwards weighed
again to ascertain whether there was any difference in the quantity of gaseous ex-
penditure during abstinence. It had discharged one mass of faeces weighing ‘9
of a grain, and itself weighed 80'8 grains, so that during the hour of fasting only
‘4 had passed off in the gaseous form instead of ‘5 as in the previous hour of
taking food. At this time, while the insect was lying at rest, the dorsal vessel pul-
sated at the rate of thirty-six beats per minute. The insect was then allowed to
feed for another hour and weighed again; at the expiration of that time it had passed
no feeces, had eaten 3'4 grains of food, and weighed 836 grains. Thus one whole
grain had now been expended in the gaseous form. It then fasted for three hours,
but during that time it passed only one mass of faeces, which weighed 12 grains, and
itself weighed 81:6, so that it had now lost only ‘8 in the gaseous form during three
hours’ fasting. It was thus evident that the greatest amount of gaseous expenditure
occurs during the period of taking food, and that the quantity of gaseous expenditure
decreases in proportion to the length of time the insect is kept fasting, and also that
less gaseous expenditure takes place when there is the greatest amount of fwecal.
When the insect had been fed for another hour, and had eaten 27 grains of food, it
weighed 839, but had passed no feces, consequently it had now expended ‘4 of a
grain in the gaseous form. It was thus evident that the quantity which passes off
in the gaseous form during a certain length of time when the animal is taking food
varies considerably, and sometimes amounts to one whole grain per hour, while at
other times it is only about ‘4 of a grain. These observations were continued
through two successive days, with similar results. Thus after the insect had been
fasting for twelve hours, during which time its amount of gaseous expenditure had
been very trifling, the very first time it was weighed after feeding for one hour it had
expended *5 of a grain; but when it was kept fasting, the very next hour its expendi-
ture was only "4 of a grain. Similar experiments were also made at the same time
upon the larvee of the Puss Moth, Cerura vinula, Steru., and Sphinx Elpenor, Linw.,
with precisely the same results relative to the quantity of gaseous expenditure. In
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the observations on the Sphinx ligustri, it will be seen by the Table XII. that the heat
developed during fasting is much less than during the period of taking food.

TapLe XII.—A Table* exhibiting the quantity of food eaten, with the rate of increase
of weight, and the gaseous and faecal expenditure, and their effect on the Tempe-
rature of a Larva of Sphinx ligustri.

§ gl o | E |Sa,|584] ¢ | 48] 4s
o . . ; sB| 5| B |5e888%| § | 82 | =2
3 Period of Observation. Feeding. Fasting. g E 2 g | e Wl 8 3 ,‘é' GEs] Remarks.
g S<| £ |8 |B88 82 £ | 88 | 8%
Zi & g B FER A | S8 R
1832.
1} Aug. 18e.m.to19 am. 10 |........ vesseneess| Twelve hours [ FOTPUIN oo
2 a.m. 11 {One hour......feueen.. [T T 2:8 23 03 T N
3 AM 12, veee.|One hour...... . [T AR Y { 9
4 PM. 1 {Onehour.cifovecenicierinenei]oanrafonencafennens 34 (28 6 .
5 PM. 4 oeiiieeneinceneee|Three hours |...... TN R 816 |.eeeerfoeeees| 8 |12
6 p.M. D |Onehour......|... PTOTOTN . veeenn[83:9 | 27 28 [ S
7 r.m. 6 |Ouehour... . 45 (12 | 2 1-3
8 r.m. 7 |One hour... 32 |5 |27 |......
9 r.m. 8 |Onehour... 5 | ... 6 | 15
10 rm. 9 |Onehour...... 21 (15 K I
11 | Aug. 19 p.at. 9 to 20 a.m. 6 |Nine hours ... 165 156 |7 8
12 AM. 7 [eevreninenennnns . L S .
13 am. 8. * 4 |16
14 am. 9. 5 05| vueen
15 am. 10 ... 4 05| .uunen
16+ A 11 .. 6 1.
17 A 12 .. 7 2 IO Active,
18 rv. 1 7 2 e
19 rM. 2 4 05| 135 | At rest.
20 M. 3 2 05 |...... At rest.
21 ro. 4 9 36 255 1-05 |...... Feeding,
22 M. 5 1 36 2775| -85 |...... Very active.
23 rM. 6] 9 24 |3 |1 1'1 | Feeding,
24 M. 7 11 18 | 85| -951...... Active.
25 | Aug.20p.M.7t0 21 . 7 9 926 125°5 |26 116 |11'3 | Sleeping.
26 AM. 8 12 1939 | 195 (1:3 65 | ...... Active,
27 aMm. 9 1 19465 44 | *75| 21 | 1:55 | Active.
Total increase in 47 hours.............. TN PR I O R 14:85 (7995 |...... 353 1298
A Table exhibiting the gradually decreasing amount of Weight and Gaseous Expen-
diture in proportion to the length of time of fasting in a Larva of Sphinx Elpenor.
28 Aug. 20 .. 10 Leeeveerereresenees One hour...... B35 |evenrefeneens[65:8 | iviiei foeveis] vonnee [ vanenn
29 am. 11, ...|One hour...... 2 . Insect in con-
30 A 12 ..., «..|One hour...... 2 | stant motion.
31 roM. 1. ..|One hour...... ) L) N RPN, At rest.
32 ’ vy 2. ...|One hour......|6 1. Sleeping.
33 oM. 3. ...|One hour...... 395 05| ...... | Sleeping.
34 o 4. ..|One hour...... ‘151 ...... | A little aroused.
35 M. Ol ...|One hour...... ‘1.
36 roM. 6. ..|One hour...... 69-. 2 Very active.
37 roM. 7 ...|One hour...... 2 |
38 aM. 7. ..|Twelve hours 1 85
39 am. 8 One hour...... 15 ... Very active.
40 aM. 9 [} TSR [N [ I8 ...
Total decrease in 23 hours....eueren. TR TS TR PO I L 113 IR I oo 4251 <85

* These Tables on the quantity of food eaten, loss and increase of weight, gaseous and faecal expenditure,
and temperature of the atmosphere at the time of making the observations, were made, as noticed below, in
August 1832; but the two columns which indicate the temperature of the insect** were not made at that pe-
riod, but have been added subsequently, having been made in the summer of 1834 upon the larva of the Sphinx
under circumstances similar to those of August 1832. Indeed from the precautions necessary to be attended
to while taking the temperature of the insect, as noticed in the beginning of the present paper, it will be seen
that it is impossible to make the whole of the observations here detailed upon the same individual at the same
time, the excitement produced in the insect while handling it in order to ascertain its weight unavoidably inter-
fering with the correctness of the observations on its temperature. Two specimens therefore of the same weight
and age must always be employed.
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Tasre XII. (Continued.)

A Table of the Weight and Rate of Increase and Decrease, with the Feecal and Ga-
seous expenditure of a Larva of Cerura vinula.

5 § 52,588 ¢ | 4¢ | 4¢
. ) . sl 8|8 |gef|288| § | 88 |22
No. Period of Observation. Feeding. Fasting. g8 2 sf:’ B2 i B £ 83 g-g Remarks.
eSS F [BRT|EEE| & | 81 | =R
o gl‘b.
41 1832.. Aug.20a.M. 9} |One hour.coofiiuiiiciinninnnn. 68 |ooverrfuernns 765 | vreen fooeena] vevens [ aniens 1
42 A.M. 102 [One houte.iaufiveeniiiiieienanes 65°5 [.0eiifierens 781 1365 |16 155 | 5
43 AM. 113 [One hour.eciufoiriinieiracennnns 664 |ooveni]iannns 772 |24 ... 145 | 1:55
44 AM. 12} [One hour...ciifiveiiiicniacennee, 6% ............ ;7'6 255 | -4 1'25 1'95
45 2M. 13 |Onehour....c.fiieiiicinencannn, (1< J00 1SRN POOURY 66 {16 |[..... 1-2 35 .
46 Pt 23 |One houlueeeefevueeeeerevenenn. 69°5 |.veeesfereenn 763 |25 |...... 145 | 1435 | | ('1”‘5 ‘a"’alw‘”‘
47 M. 3} [Onehoureececfeeieeiiesinnnennes 695 |eeveei)eenne 7495 |21 |.....[105 |21 tﬁ 'L"‘;g ‘°“:,
48 P.M. 42 10ne hoUrueeeeiferivereerisssnnens 70 evereefoannn 759 |44 |-95{21 |135 fthe l‘;’ ole o
49 M. 53 |One houl.ccss|oeeruesunseesienes 702 |.eeufuenens 744 | 175 |...... 11 1215 e stale oo
50 M. 61|Onehour.ccs)ereneecreernnnns 695 |.venefuennns 750527 | -65[1-25 | -8 || Upon stale food.
51 L S O P F N 69 foeeiifennien 757 |21 | 65| 95| 5
52 ' AM. TE|oeeveiininnrenanns Twelve hours [68°5 |......feueeee 6975 | coveer foeennn 255 | 46
53 am. 8}|Onehour...... One hour...... 68°7 |vervse]iennns 6965 | .euiut |oeenes 1],
54 . aM. 9} [Onehour....ufieeiiiinncinanees 69 [eeeeifienens 7111 (37 (145|176 | 5 |
, Decrease in Weight in 26 hours 54 Food eaten 29-45 17:75 1170

From this Table we deduce the following facts :—First that the expenditure which
takes place from the cutaneous surface of the insect and from its respiratory organs
is greater than its whole amount of faecal expenditure, is more regular and con-
tinued, and decreases in proportion to the length of time which the insect remains
fasting, but never entirely ceases. It is greatest while the insect is in motion and
least when it is lying entirely at rest. Thus in the observations on Spkinx Elpenor,
Linn., which was fasting during nearly the whole of the period of observation, twenty-
two hours, the insect lost only "85 of a grain of feecal expenditure, but 2:45 of grains
by the respiratory and cutaneous surfaces, and of this expenditure, when the insect
was lying at rest, only *05 of a grain per hour, but when in violent motion the loss
amounted to ‘15 per hoyr. This difference of quantity is readily accounted for by
the quicker circulation of the fluids in the active state of the insect, when its respira-
tion is greater, and consequently a greater amount of heat is generated, and requires
to be regulated by the transpiration from the surface of the body. This Table also
indicates the fact that the whole process of digestion may be completed in the larva
of the Sphinx in about two hours and a half, and that the average quantity of faecal
expenditure in the latter period of a moderate sized larva is about one grain per hour.

But the connection or correspondence between the quantity of respiration, tempe-
rature and gaseous expenditure in a given time, is beautifully illustrated in what oc-
curs in the pupa state. On the 3rd of April, 1836, I weighed several pupee of Sphinx
ligustri, and found that one of them which on the 20th of the preceding August, im-
mediately after it had changed to a pupa, weighed 711 grains, had not expended,
during the long interval of nearly eight months, or two hundred and twenty-eight days
inclusive, more than 37 grains in weight, the whole of which must have passed off
from the respiratory and cutaneous surfaces. This was the identical specimen which I
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had watched from the egg, and whose rate of pulsation is noticed on Table IX. At the
time of entering into the pupa state in August, it weighed, as above stated, 71°1
grains. At the present time it weighed 67°4 grains. This diminution was during the
period of hybernation, and is in beautiful accordance with the greatly diminished
quantity of respiration during this state, respiration being reduced to its minimum
in this condition of the insect, as shown in my previous observations. On the 24th
of May, fifty-one days after the first weighing, the perfect insect was developed
from this pupa, and then weighed only thirty-six grains, and when weighed again on
the following day, only thirty-four grains, Table V. A, being an amazing diminution
of nearly one half of the whole weight of the pupain the short space of fifty-three days.
Now it will be remembered that, as shown in the Tables on the Respiration* of the
pupa of Sphinx ligustri in the month of April, that the quantity of respiration at
that period is gradually increasing, and is in proportion to the degree of animation
in the insect ; and the degree of animation is proportioned to the quantity of stimuli,
external temperature, &c., so that, as shown by REaumur in the pupee of the common
Cabbage Butterfly, if the pupee be kept in a very low temperature, as in that of an
ice-house, development into the perfect state is greatly retarded ; and as now shown,
respiration, owing to the absence of a proper amount of external stimulus, being
reduced to its minimum, the circulation of blood is almost suspended, the develop-
ment of heat scarcely, if at all perceptible, and the expenditure of solid matter from
the body of the insect in a gaseous form is so insignificant that the powers of life are
in no way injured by retarded development, and the insect revives in its full vigour
whenever the natural stimuli of life are sufficiently increased. At the moment of
weighing the above pupa in April, I weighed several others which had entered the
pupa state about the same time. One of them at the expiration of fifty-three days,
on the 26th of May, had lost thirteen grains, another eight grains, a third nine
grains, and a fourth ten grains, and the respiration of these had increased in the ratio
of their loss of weight,

There may, perhaps, be some difficulty in ascertaining with certainty the chemical
constituents of this gaseous expenditure from the body of the insect in its different
stages, since a large proportion appears to be aqueous vapour, but I am satisfied that
sometimes there is also a quantity of carbonic acid. However, I could not discover
the carbonic acid in a quantity of vapour expelled from the bee hive and condensed
during the night, but I very readily detected it in the pupa, in my earlier observations
on the respiration of insects, in April 1829. A pupa of Sphinx ligustri, after being
carefully washed to prevent the adhesion of air to the surface of its body, was placed
for a few hours in a glass stoppered phial, completely filled with perfectly clear lime-
water, and at the expiration of two or three hours, I had the satisfaction of detecting
carbonate of lime deposited both within the entrance of the spiracles and also in the
minute punctures which are distributed over the whole body of the pupa; a certain

* Philosophical Transactions, 1836, Part II. p. 552, Table I. No. 3 to 10.
MDCCCXXXVII. 2vU
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proof this, both that the pupa was transpiring through the pupa case, and also that
the transpired matter contained carbonic acid.

Conclusion.

The very great length unto which this paper has already been extended, neces-
sarily prevents me from entering so fully into all the circumstances connected with
the evolution of heat in insects as the great importance attached to this interesting
subject demands ; [ shall, therefore, review the contents of this paper, and other cir-
cumstances connected with the production of animal heat, with as much conciseness
as possible.

On comparing the whole of the facts we have just examined, we cannot fail to ob-
serve the very close relation which subsists between the amount of heat developed,
and the quantity of respiration. We have seen in the larva, the pupa, and the
perfect insect, that when the respiration is accelerated the temperature is also in-
“creased, and that when respiration is diminished the temperature subsides. When
the insect is sleeping, its respiration gradually becomes slower, and its temperature
continues to lessen until the insect is aroused, when immediately after the first respi-
rations it is again increased. When the insect falls into a state of hybernation, and
its respiration is suspended, its evolution of heat becomes so likewise. When the
insect is most active, and respiring most voluminously, its amount of temperature
is at its maximum, and is very great, and corresponds with the quantity of respira-
tion, and, as in the Bee; an immense quantity of heat passes off into the surrounding
medium. When the insect wishes to impart heat to its young it can do so at plea-
sure, and can voluntarily increase its own temperature. It does this by accelera-
ting its respiration. At those times, as shown in the comparative observations, the
insect evolves in one hour, in this state of activity and excitement, at least twenty
times the amount of heat, and consumes nearly twenty times the quantity of air,
which it consumes at the same temperature when in a state of repose. In insects
which live in society the temperature of their dwellings is increased in proportion to
the activity of the inmates, and consequent amount of their respiration. In the hive
it is steadily increased until the time of swarming. In the winter when the bees are
quiet, and their respiration is exceedingly low, and when not a bee is observed venti-
lating at the entrance, the temperature of the hive may be raised in a few minuates,
very many degrees, by disturbing the inmates, and thereby increasing their respira-
tion, until such an amount of heat is evolved, and so much air is deteriorated, as to
become oppressive and noxious to the bees, many of whom, although the open atmo-
sphere be too cold for them to venture abroad, will come to the entrance of the hive
and begin as laboriously to ventilate the interior, by vibrating their wings, as in the
midst of summer. The quantity of free heat is always greatest in the hive when the
bees are most active, and least when they are most quiet. 'With regard to the habits
and anatomical structure of insects, the amount of heat is by far greatest in volant
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insects ; these always have the largest respiratory organs, and breathe the greatest
quantity of air. Inthe terrestrial insects the amount of heat is greatest in those which
have the largest respiratory organs, and breathe the greatest quantity of air, whatever
be the condition of their nervous system. In the larva state the respiratory organs
are smaller than in the perfect insect, compared with the size of the body, and the
larva, we have seen, has the lowest temperature. But in these comparisons we must
observe that the activity of respiration is equal in the individuals which are compared.
Thus although the respiratory organs are larger in the pupa thanin the larva, the phy-
siological condition of the insect is lower, its respiration is inactive. These facts, it
will be seen, are all in strict accordance with each other, and point to the chemical
changes in the air during respiration as the immediate source of animal heat. But it
“may be matter of inquiry how it is that the heat evolved within the body of the insect,
during respiration, becomes evident so rapidly. This, it may be urged, tends to show
that it results from the influence of the nervous system. But when we remember
that in insects the circulatory vessels are in close and most extensive communication
with the respiratory organs over the whole body of the individual, and that, unlike
the vessels in those vertebrated warm-blooded animals which have extensive respira-
tion, they are neither strictly venous nor arterial, but probably intermediate between
the two, may it not arise from only a very small amount of heat evolved at each re-
spiration becoming latent, while nearly the whole becomes free, and is liberated as
quickly as produced, and that this is the occasion of the temperature of the insect
being so quickly raised during its respiration, and so rapidly diminished as the acts
of respiration become less frequent? That, in other words, in insects the capacity of
the blood for caloric is but very little increased during respiration? With these facts
in consideration, and looking at the analogical condition of insects, and with Pro-
fessor Grant* and Mr. OWEN-}, comparing the vast extent of their respiratory organs,
distributed over the whole body, with a like extensive respiration in birds, and finding
that, like birds, insects have also a greater activity of respiration, and a higher tem-
perature of body than any other class in the division of animals unto which they re-
spectively belong, we can hardly withhold our assent to the opinions which have long
been advocated by many of our best physiologists, that animal heat is the direct result
of the chemical changes which take place in the air respired. But it may be urged
that activity of respiration is coincident with increased rapidity of circulation, and
hence that the latter may, perhaps, precede the former, and be in reality the source
of heat. Unto this it may be replied that the larva in its earlier state has a more
rapid circulation, but develops less heat than in its latter. In many of the observa-
tions on the Tables it is shown that the pulse may be rapid with a low amount of
heat. It is shown in the larva, when arousing, that the pulse is not increased until

* Lectures on Comparative Anatomy.— Lancet, 1833-34.
+ Cyclopzdia of Anatomy and Physiology, vol. i. p. 341.
2vu2
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after the first respirations*, when the heat is becoming apparent. With regard to
the digestive process, we have seen that when the animal is taking food it has the
greatest amount of gaseous expenditure from its body, and that the greatest amount
of heat, when in a state of quietude, is then generated. But a greater quantity of air
is then consumed, in assimilating the new matter which has been taken into the sy-
stem, and the quantity of heat is still further increased if the animal becomes active,
and this is regulated by the increased expenditure from the surface of the body.
Lastly, we have seen that in the more perfect volant insects, the Bees, Sphinges, &c.,
there is the largest amount of heat produced, and the greatest quantity of air con-
sumed, but the nervous system is also largely developed, and hence it may fairly be
supposed to have much influence in the development of heat. But on the other hand
we find many insects, as the Meloe and its congeners, which produce a large amount
of heat, in which the nervous system is comparatively small, while these insects have
large vespiratory organs, and a large amount of respiration. In the Staphylinus the
nervous system is exceedingly large, compared with the size of the body, but the re-
spiratory organs are by no means small, while the amount of heat is very moderate.
In the Carabus the nervous system is also large, as are likewise the organs of respi-
ration, but the amount of heat and activity of respiration are low, and the same is the
case in the Blaps, in which the nervous system is rather small. If the development
of heat depends upon the nervous system, or the number of ganglia, the Leech, which
has twenty-two ganglia, ought to generate more heat than the larvee of lepidopterous
insects, which have but ten or twelve, and the larva ought te generate as much as the
perfect insect. In the larvee of the Bee, the Hornet, Ichneumon, and Tenthredo,
which generate so large an amount of heat, the nervous system is exceedingly small ;
and if, as some suppose, heat is the result of muscular contraction, surely it ought
to be most developed where there is the greatest amount of muscular contractility ;
it ought to be generated more in the Leech than in other articulated animals, and
in those Fertebrata which are peculiarly noted as cold-blooded. 'These facts con-

* This is in perfect accordance with the condition of the circulation in the human body during sleep, and
at the moment of waking, as noticed by BLumexsacH, and as I myself once had an opportunity of observing in
a female patient who was suffering from severe fracture of the skull, for which she had been trephined; subse-
quently to which, a large portion of the bone (the right parietal) became affected with necrosis and was removed
by operation, and the patient afterwards gradually recovered. At least one-third of the whole parietal bone had
been removed, and a large surface of the dura mater being thus exposed, the activity of the circulation in the
brain was readily observed. I thought this a fair opportunity, as the patient was recovering, for observing the
state of the circulation during sleep, and at the moment of waking. The patient was sleeping soundly at the
time of the observation, and while she remained entirely undisturbed, the pulsations in the arteries of the dura
mater were at the rate of ninety-four beats per minute, and were perfectly synchronous with the pulsations at
the wrists; but immediately she began to inspire deeply at the moment of waking, the pulsations became much
accelerated. At the instant of waking, the patient fetched a full and deep inspiration, and in less than a minute
and a half after this, the patient being perfectly awake, the pulsations amounted to 104 beats per minute, thus
making a difference of about 600 beats per hour in the rate of pulsation when sleeping and immediately after

waking.
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sidered, and connected with that very remarkable one, the voluntary power of pro-
ducing heat possessed by the Bee, must lead us to conclude, that although, doubt-
less, the whole of the functions of the body are more or less remotely concerned in
the production of heat, yet that the immediate source of its evolution seems to be
chemical changes effected during respiration, and that the nervous system is only
secondarily concerned.

APPENDIX,

Since the preceding paper on the Temperature of Insects was submitted to the Royal Society, circumstances
have enabled me to ascertain a few additional facts respecting the temperature of some other species which 1
had not heretofore any opportunity of examining, and these the Council have kindly permitted me to subjoin
fo my paper.

I am not aware that the temperature of the nest of the common wasp has ever before been examined, and it
is therefore pleasing to find that all the circumstances connected with the evolution of heat in the nest of this
species are in perfect accordance with the observations made on the neighbouring families of hive and hum-
ble bees.

On the 11th of August, during the past summer (1837), I dug away the soil from the top of a nest of Vespa
vulgaris which was situated in a bank of earth at the depth of about seven inches from the surface. The nest
was nine inches in diameter, so that the colony was by no means a small one. The temperature of the atmo-
sphere, when the covering of the nest was removed, at 45 p.m. was 70° Faur. When the thermometer was
passed through the top of the nest the mercury rose immediately to 80°. In about ten or fifteen minutes
afterwards, when the colony had become disturbed, and the thermometer was passed a little deeper into the
nest, the mercury rose to 95°. This distinctly proves that the evolution of heat in the wasps’ nest is greatly
increased, as in the beehive, when the insects have become excited. At 65 p.m. the temperature of the atmo-
sphere was 65° Fanr., and the wasps having now become more quiet, the temperature of the nest, which had
remained with its upper surface exposed since the last observation, was only 90° Fanr.; but an hour afterwards,
when the temperature of the atmosphere had sunk to 63°, that of the nest had risen to 91°, the thermometer
having remained undisturbed in the nest since the last observation. This increase of temperature was readily .
explained by a great number of the excited insects, which had been flying around the spot, having now returned
to the nest. Thus the circumstances connected with the evolution of heat in the nests of the predaceous and
in the melliferous Hymenoptera are precisely similar; and they are similar also in another interesting family of
this order—the ants. It is elsewhere noticed* that Jucu found the temperature of an ant-hill about 15° Fanz.
above that of the atmosphere. My own observations are in accordance with this statement. On the 27th of
July 1837 I examined the temperature of the nest of Formica herculanea, Linn. The temperature of the atmo-
sphere in the shade, at 11 A.m., was 76° Famr., but when the thermometer was exposed on the ground to the full
rays of the sun the mercury rose to 95° Fanr. The nest was rather a small one, and at the time of commencing
the observations was completely undisturbed. When the thermometer was first passed into it, to the depth of
five inches, the temperature was maintained steadily at 84° Faur.; but within six or eight minutes afterwards,
when the insects had become excited by the presence of the thermometer, and were running about in every
direction in a state of the greatest agitation, the temperature of the nest rose to 93° Faur., and in a few minutes
after this, when the insects were still more excited, to 95°:5, and a little nearer the surface, where the commo-
tion was greatest, to 98°6 Fanr. During these observations the ant-hill was carefully shaded from the rays
of the sun, in order to avoid all source of error. When the ant-hill was again exposed to the sun, and the
thermometer placed upon its surface, the mercury rose to 108° Faur. This was a temperature much too great

* Page 283.
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for the insects to bear, since nearly the whole of them immediately retired beneath the covering of the nest, and
there was scarcely a single ant to be seen. On the 2nd of September I repeated my observations on the same
ant-hill.  On this occasion the day was very gloomy, with steady light rain, and the temperature of the atmo-
sphere at 11 o’clock .M. was only 54°. The temperature of the ant-hill varied but little in its different parts
but it was now greatest near the surface. At a depth of one inch it was 65°, at two inches 66°, below which
it gradually diminished. At this time I also examined another nest of the same species, but which was about
twice the size of the first. The atmosphere being, as before stated, 54°, the mean temperature of this nest,
when the insects were a little excited, was 74°.

During the summer and autumn of the present year I have repeated my observations on the temperature of
the bee-hive, and have found but little variation in its average amount at similar periods in the two years. I
have also examined the nests of Bombus lapidarius, and Bombus sylvarum, and in both have found that the
ordinary temperature, which is about 10° or 15° above that of the atmosphere, is considerably increased during
the period of incubation, exactly the same as in the nest of Bombus terrestris.

On the following day after examining the nest of the wasp, I examined the temperature and pulsation of the
larva of the same species. 'The specimens examined had been removed from the nest on the previous evening,
but had not been removed from their cells.. The results are given on the accompanying table. I examined
also the larva of the hornet, Vespa Crabro, Liny., which was still contained in its cell, but had been some days
removed from the nest. In this instance the temperature of the larva was found to be about 2°'5 Fanr. above that
of the atmosphere, but its rate of pulsation was only thirty-two beats per minute. I should have attributed this
low rate of pulsation to the specimen having been so long removed from the nest, had not the rate of pulsation in
this larva been examined by my friend Mr. OrsBorn a few days before, and almost immediately after the
specimen was obtained from its nest, and found at that time not to exceed thirty-three or thirty-four beats per
minute. These facts therefore are in accordance with the observations on the larva of Anthophora retusa and
Bombus terrestris, and also accord with other observations on the larvee of that very destructive tenthredo or
saw fly Athalia centifolia, KLue; which has been so obnoxious to the agriculturist by destroying his crops of
turnips during the last three summers.

London, November 7th, 1837.

TABLE.—TEMPERATURE OF LARVZ.

g o £ . .
A o2 | 8E | 49 e | §
w Name of Species. E % éaa_; E% Soil. | Insect. é g Remarks.
2 el & | a | &
) o
1 | Vespa Crabro (larva) ......... | July 1 78' ......... 725 | 25 32 | Full grown; has fasted three or four days,
2| Vespa vulgaris (larva) ....... Aug.12 1 727 leevennnn 758 | 81 56 | Nearly full grown; very active.
3 | Vespa vulgaris (larva) ....... 12 1 727 Jeverenns 74 1-3 52 | Full grown.
4 | Vespa vulgaris (larva) ....... 12 1 727 |oeeerenen 7521 2% 52 | Full grown.
5 | Athalia (larvae)...cceeeeerennes Sept. 6 | 50 645 |.eveeenen 665 1 20 |....o.oe. Larva nearly full grown; very active,
6 | Athalia (larvee)......oeeueeeee [0 PO 647 |oeeenenn 66° 13 |ieeneen
7 | Athalia (larvee)... [ ST 663 |.ivunnnee ggg (2)'5 ......... Larva inactive.
8 | Athalia (larvae)....cceevnuneen. 6 | 200 653 |uiienenn g L TR R
9 | Athalia Elarvae) ................. 6| 50 | 653 [ 673 | 2 }F“" grown; active.
10-| Melolontha vulgaris (larva) | Oct. 7 1 615 | 597 | 602 | 05
11 | Melolontha vulgaris (larva) 7 1 61:5 | 597 | 603 | 06 Full grown larvee; the temperature
12 | Melolontha vulgaris (larva) 8 1 647 | 646 | 647 | 01 taken while lying in their cells
13 | Melolontha vulgaris (larva) 8 1 647 | 646 | 6481 02 and compared with the tempera-
14 | Melolontha vulgaris (larva) 12 1 635 | 635 | 637 | 02 ture of the soil.
15 | Melolontha vulgaris (larva) 12 1 635 | 635 | 637 ] 02
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Tasre XIII.

Showing the difference between the Temperature of the Atmosphere and that of the
Bee-hive No. 1, through many succeeding days, both when undisturbed and when
excited.

& ~ls] ] s
& : ssl S| 8|3 |8
6 | Period of observa- Weather. Wind, |88 % 215 |5 Remarks.
S tion <2248
“ m | A =]
1835. ° o lo lo
1 {Oct. 23 a.M. 7 |Fine, hoar frost ve.eeeleeivnrenns. 36 (50 |14 |......|.....| Hive had remained undisturbed through the night.
2 A.M. 10 |Sunshine......cosee . ...[49:5 55 | 55 |67°5 |18 | Bees readily excited.
3 p.M. 2 |Sunshine... ...|33 1625|9580 |27 | Bees active, loud humming in the hive,
4 .M. B3| Twilight coveevnneirnnne ....b1 |66 [15 |......|......| Hive slightly disturbed ; cool evening.
5 24 a.m. 10} Fine, brisk wind......| W, [534(58-3| 49|59 | 5°6| A few bees abroad, some return with yellow pollen.
6 p.M. 33 Wind and rain ...... Not a single bee abroad; faint humming in the hive.
7 p.m. 51 Windy, cloudy ...... .| Hive perfectly quiet.
8 25 A 7I Frost, calm, fine...... . Bees begmmng to hum, and becoming active.
9 AM. 10l Dull, foggy, calm ...| W.S, Hive qulet a few bees abroad returning with pollen.
10 p.m. 2 |High wind and rain S. Hive quiet; tempestuous rain.
11 26 a.m. 8 |High wind, fine...... w. .| Quiet; wmd and rain tempestuous during the night.
12 A, 83 High wind, fine...... w. .| Quiet,
13 A 117 | High wind, sunny ...| W, Hive quiet, but few bees abroad.
14 p.m. 2 |Strong wind, showery| WS, W, Faint humming in the hive; few bees abroad.
15 p.M. 5% Calm, cloudy ......... W.S. Twilight, hive quiet.
16 27 a.m. 61 Fair, light clouds ...[ W,N, Much rain in the night; bees irritable.
17 a.M. 8 |Fair, light wind ...... W.N. Perfectly quiet.
18 A, 10 |Light wind, sunny...| W, Many bees at the entrance of the luve, irritable.
19 p.m. 2 |Light wind, fine......| W.N, Few bees abroad ; soon excited.
20 r.M. 53{Heavy clouds......... W.N. .| Twilight, slight humming in the hive.
21 28 .M. 62|Sharp hoar frost...... W.N. ...| Slightly disturbed ; humming ; morning calm.
22 AM, % Fair.coooveennns weel WLN. ...| Quiet.
23 A.m. 103(Calm, fine ... Ww. ...| Few bees abroad; slight humming,.
24 poar, 2 |Calm, dull ... w. .| Slight humming.
25 | p.m. b |Calm, foggy w. .| Quiet; calm damp foggy evening.
26 29 a.m. 7 |Hard rain, wind.. S.W. Hive quiet; hard rain and wind durmvr the night.
27 p.m. 24{Dull, damp..... S.W. Many bees abroad with orange yellow pa[lm 5 irritable.
28 p.m. 5 |Calm evening w. .| Perfectly quiet.
29 30 a.m. 6} Fair, misty ..... .| E.N. A few sounds heard in the hive.
30 A, 104 Fair, cold wind ...... E. Many bees enter with pollen ; irritable.
31 A.M, 12 |Fair, signs of rain ...| E.S. Bees abroad in numbers flocking home with pollen.
32 r.v. 23|Hard rain E.S. ...| Bees quiet; began to rain about 1 ».a.
33 p.M. O |Steady rain... E.S. ..| Quiet ; light wind.
34 31 A.m. 7 |Misty ...... . S. .| Quiet ; heavy continued rain during the night.
35 a.m. 103/ Sunshine.......co...o. S. ...| Fine morning ; many bees abroad.
36 A, 12 |Sunny, light clouds...| W.S. .| Many bees abroad ; a few with pollen.
37 P 2 [Fair vveeeeeieiennne, W.S. Many bees abroad.
38 r.m. b |Calm, light clouds ‘W.N. Twilight, dull evening ; slight hummmg
39 | Nov. 1 a.m. 63|Fine....civennnennnnnee, N.E. .| Light clouds ; sun just risen; hive quiet.
40 am. 8 |Fine morning.. N.E. B Quiet.
41 A, 11 |Very fine........ N.E. . Beesatentrance of the hive; very little pollen collected.
42 pm. 2 |Very fine... ....] N.E. . Loaded bees numerous ; quantity of pollen scanty.
43 v.m. 5 |Fair, calm ............ w. . Quiet.
44 2 anm. 7 |Fair, light clouds ...| E. . ...| Perfectly quiet.
45 M, 1 i S.W. |5 . ..| Hive quiet; many bees abroad.
46 rM. 6 veed] SCW.W. |49- . .| Dark evening ; hive quiet; beginning to rain,
47 8 A.M. 73| Misty rain .......... ..| S.E. . Quiet ; light steady rain through the night.
48 A, 103/ Light misty rain,...,. S.E. 8 . Quiet ; no bees abroad.
49 p.M. 3 |Brisk wind ............ S.E. 47 577107 |eeeeeifeneens Quiet ; heavy clouds; signs of rain.
50 M. & [Wind... ovevininnnnna, S.E. 46 53 | 7 |eeeeer|soreen Hive quiet; no bees abroad to day.
51 4 Am, 7 |Fair, with clouds...... S.E. [43 497 67 |cececsfeeens Quiet; heavy clouds; cold wind.
52 Am. 10 |Fair....... cererernnn. E. (435496 6:1(70 [26°5| Quiet, but scon excited; brisk sharp wind.
53 M. 2 Cloudy, wind .. . E. [43251°5] 83 |ceceiifeenrn. Brisk wind; quiet.
54 P.M. 5 |Rain with hall vevees E. [42 (505 ] 85 |ceeeeferres .| Quiet; brisk wind.
55 5 am. 7}4|Heavy clouds......... E. 43 |49 | 6 |......]-s....] Quiet; but little rain during the night.
56 A, 10 |Steady rain ........,... E. 4571497 4 |......[......| Quiet; heavy clouds.
57 P.M. 24| Misty rain .. E. [44'6|49'8| 52(......[s.....| Slight noise in the hive; light wind.
58 p.m. 5 {Light rain ... E.N. |43 [49'8| 6'8|. .| Quiet.
59 6 oM. 73|Hoar frost ...... N.E. (327 |44°1]11+4|. .| Rather misty; slight sound in the hive.
60 AM. 9 [Very calm ...........| N.E. |375446| 7'1 Hive quiet.
61 am. 10 |Calm, sunshme veeenel NLE. |41 4531 4°31...... Hazy sunshine.
62 am. 11 |Calm, sunshine .,....] N.E. |45 [47 | 2 |......|......| Hive quiet.
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Tasre XIII.

(Continued.)

& vol s | 819 | &
M| Period of observa- E 515 g § g
s} tion. ‘Weather. ‘Wind. S| e B S ] Remarks.
s Bl ElE || &
2 =) [=]
1835. o lo |o
63 | Nov. 6 p.M. 1}|Calm, sunshine ...... E. 47:71537| 6 Loud humming in the hive ; a few bees abroad.
64 p.M. 2%{Calm, sunshine ...... N.E. [45'5(517| 62|.. .| A few bees return with a little pollen. )
65 p.M. 3 |Calm, fair ...cveunens N.E. |44:9/50-6| 57 A few bees still abroad.
. . | . i . A few bees abroad ; dew begins
66 p.. 31{Calm, sunshine ...... N.E. |45:3/495] 4:2)......|...... { s peads gins to condense on the
67 ».M. 3}{Calm, fair N.E. |44:7/49-1| 44 Slight humming,
68 p.M. 3% Calm, fair . N.E. |44:5/48-9| 44, ...| Slight humming,
69 r.M. 4 |Calm, fair .. N.E. |43:4{49 | 56|... ...| Sky cloudless, but slightly hazy.
70 p.M. 4} Calm, fair N.E. |415/481] 66|... ...| Quiet.
71 p.M. 4}[Calm, light clouds...| E. 141:5|53-9|12-4/... ...| Light hazy clouds.
72 ».M. 43 Light wind ............ E.S.E. |40-5/50-4| 9°9).. .| Wind shifting.
73 p.M. 5 |Cloudy ........ J S.E. [41:2/49 | 7-8.. .| Thermometer varying.
74 p.M. b3 More cloudy .. .| S.E. |417/50 | 83|.. .| Signs of rain in the horizon.
75 7 am. 7 |Very cloudy ....o..e. N.N.W. [41:5{46 | 45 Hive quiet ; a little rain last night.
76 A.M. 7% Light clouds ......... N.N.W. |41°4/466| 5-2|... .| Hive a little excited without evident cause.
77 AM. 73Light clouds ......... N.N.W.|41-7/46-6| 49|... ...| Hive quiet ; atmosphere clearer.
78 AM. 7%Sun peeping N. 4221465 4-3|.. .| Quiet.
79 A.M. 8 [More cloudy .. N. 431148 | 49| it Slight humming ; clouds thickening from the east,
80 A.M. 8%{Signs of rain N.  |43°5(47 | 35lecciiifiunnes Slight humming,.
81 A.M. 8% Clouds breaking...... N.E. |44:7/474] 27|......]ounee Slight humming ; a few drops of rain have fallen,
82 AM. 83 Tairer coovueeernienanen, N.E. |45:6/475] 1:9|...cc.feeeens Slight humming.
83 AM. 9 |Fair.n N.E. |469/47-6] -7|......|...... Hive quiet ; clouds dispersing,.
84 aM. 9 Lightwindand clouds| E.N.E. | 47748 B N S Slight humming.
o1l : . Clouds dispersing; hive ‘4 of degree lower than the
85 AM. - 9HFaireeeveeennnenn cereene E.N.E. [487/488.....]ccc0foenne tempemg’ure of stmosphere, g
86 AM. 93 Far coveevinirnieniinnnns E.N.E. |487[487|......cceceifinnnn. A few bees have been abroad.
. When excited temperature of hive rose in 10 mi-
87 AM. 10 |[Fair.o.cooeniiiieniinens E.N. { nutes to 7375, P
88 A.M. 113{Calm, dull .. E.N. Many bees abroad ; two have returned with pollen.
89 r.m. 1 [Calm, dull ... E. Bees irritable; many abroad; a few with pollen.
90 p.M. 3 |Calm, fine ... E.S. Many bees still abroad.
91 P.M. & |Steady rain E.S. ..| Hive quiet.
92 8 a.m. 7 |Light frost, calm......| W. .| Quiet; much rain fell last night.
93 ax. 9 |Fine, calm ... w. Qllj)i()e::dcold, fine; afew bees dead on the alighting
9 A.M. 12§ Brisk wind N.wW. ..| Sunshine ; many bees abroad.
95 r.M. 2 |Wind, sunshine J N.W. .| Bees abroad; no pollen collected.
96 r.M. b |Calm, clear.......ouen N.W.N. .| Hive quiet; calm evening.
97 9 A, 73|Dull, light wind...... N.E. .| Quiet ; cold dull morning; no dew on the grass.
98 AMm. 9 |Cold wind ..... .| N.E. Quiet ; cloudy.
99 A.M. 10 [Cold wind ..... .| N.E. ...| Quiet; cold brisk wind.
100 am. 11 |Cold, sunny | N ...| No bees abroad.
101 A.M. 12 |Cold, sunny J N ...| Quiet.
102 e.M. 1 |Cold wind .. N.E.N. .| Quiet.
103 p.m. 23Cold wind ..... .| N.E. .| Quiet; cold misty rain.
104 r.M. 3 |Wind and rain ...... N.E. .| Quiet ; light driving rain.
105 P.M. O [Norain .iocvveeinennns N.E. ...| Quiet; cold wind with driving clouds.
106 10 A.m. Cold brisk wind ...... N.E. oo .| A severely cold day ; wind bitingly keen.
107 11 a.m. 7% Hazy, cold ............ N.E.N. |33 |43-6|106|... .| Quiet; cold windy morning.
108 A, 9 |Hazy, cold ..... JN.E.N.|35 |43 | 8 |.. ..| Quiet; a little snow has just fallen.
109 A.m. 10 |Sun peeping .........| N.E.N. | 385/ 43-9| 5-4|.. ...| Slight humming ; a little snow falling,.
110 A.M. 11 |Fine rain........ .| N.E.N. [40:4| 44:4] 4 |... .| Quiet ; light rain.
111 a.m. 12 [Light rain .. | N 41 |45 | 4 |.. .| Quiet ; sunny with rain.
112 p.M. 1 |Dull, hazy ............ N. 41-8/45°2| 34 Calm ; dull.
: A shrill humming at intervals of a single bee is
113 P 2 [Hazy .eeeeeencerennene N.N.W. |41:6{452| 36 heard in the hivs, g
114 pM. 4 |Hazy . .N. 47).. ...| Hive quiet.
115 p.M. 4§ Hazy .N. k 5| 4°9.. ...| Quiet; heavy clouds.
116 12 a.m. 7%|Fine, light wind...... N. 35 [434| 8+4). ...| Cold dry wind; hive quiet.
117 AM. 9 [Fine, calm ...ceoeunnes N. 40 |43-3| 33|.. .| Quiet; but excited by the slightest noise.
118 A.M. 10 (Fine, calm ....... weees] N 43 442 1-2 Quiet; bright sunshine.
119 At 11 |Fine, calm .o.eceeee. N.E.N. |456|45:4]o0vofovrrsi]oven. Quitet ;‘tg“;:pfe:’;deg”ee lower than temperature of
120 AM. 12 [Finec.ororireerrennnn, N.E.N. [46:6/46:3]......)oo.o.loveen. Hi;f’ggﬁ‘:r‘e; 3 of a degree the temperature of at-
121 r.M. 1 |Sunny, clouds......... N.E.N. (48 481 -ll......|ceceee Slight humming ; a few bees abroad.
122 p.M. 2 |Heavy clouds......... N.E. . *6|... ..| Hive quiet.
123 p.M. 3 |Heavy clouds......... N.E. E “4)... .| Quiet; very heavy clouds passing.
124 p.M. 4 |Heavy clouds.. N.E. B Quiet; signs of rain; rainbow,
125 13 a.m. 74|Light rain ..., N.E. |36 [437] 77|ceceeiliennns Quiet ; hard rain this morning.
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& - | g8 -
A gl S8 1% %
5 | Period of observa- Weather. wind, |[ES| S | 5|35 | & Remarks.
3 tion, B 2| € I
z %A a
1835. o lo o o |o
126 [Nov.13 A.M. 9 |Light rain .coeee cevnnnens N.E. [37-3 437 | 64 |..... oJeseess| Quiet; cold brisk wind.
127 M. 10 [Light continued rain......| N.E. 37:6 439 | 6:3 |......|......| Quiet; less wind; gloomy morning.
128 a.m. 11 |Light rain ...ooeeees N.E. [|39:644°1| 45 |..... .| Quiet; very light wind; sky clearing.
129 A.m. 121 Sunny ....... N.E. [39:844:9| 5°1 .| Clouds passing.
130 pM. 2 (Calm ..... .| N.E. |41:6/45:8| 42/ ...| Sunshine; bees attacked by the sparrows.
131 r.M. 3 |Rain .. . E. [396458| 62 ..| Quiet; heavy clouds, with rain ; sky very gloomy.,
132 p.M. 4 [Rain ..... vearenn E. |38 [452| 72/.. ...| Quiet; heavy clouds.
133 14 .M. 73|Calm, cloudy ...ceuvvnenenn. N.W.N. 85 [43-2| 82 .....| Hive a little disturbed.
134 AM., 8 [Calm, fair ...... N.W.N. 354 |43-2| 7-8 67°3 319 | When the hive was excited temp. rose in 14™ to 67”3,
135 AM. 9 |Calm, fair ...... | N.W.N.|354 47 [116 () «.ve.| Hive nearly quiet.
136 AM. 10 |Calm, fair ...... ..| NNW.N. [39+4 463 | 6-9 Slight humming.
. il a Raised in 11™ to 69’5 ; bees appear, but return di-
137 a.m. 11 |Calm, fair, cold ... .| N.E.N. [40-4 |46'9 | 65 rectly to the hive; atr t00 co‘l’g_
. Great excitement; temperature maintained at 57/;
138 AM. 12 |Calm, fine .oevvieriinnennnns E.N. (42:5/485( 6 bees ventilating, and ;;oing abroad. ’
139 r.M. 2%{Calm, fine .... E.N. 42257 |14'8 A few bees still abroad ; hive still excited.
140 P.M. 4 |Calm, fine .ooovveiennennnnn E.N. |38 [66 |28 ...| Slight humming ; very fine evening.
141 p.m. 4%|Calm, fine evening.. N.W. (36 |56 |20 .| Slight humming.
142 15 A.m. 8 [Calm, fair ......... N.E. |41 49 |8 .| Hive quiet; atmosphere rather hazy.
143 am. 9 |Heavy clouds. N.E. [42:650 | 74 ..., Humming; clouds passing.
144 A.Mm. 10 {Sunny .......... N.E. 45 [602| 52 ...| Clouds passing.
145 p.m. 1 (Bleak wind. N.E. {47 54 (7 .| Quiet; sky dark, cloudy.
146 p.m. 2 |Cloudy, cold N.E. 454 536 8-2 .| Faint humming ; wind bleak.
147 p.m. 43|Heavy clouds... N. {43551 |75 .| Faint humming ; signs of rain,
148 16 A.m.  7%|Dull, cloudy ...... W. 36846 | 92|. ..| Faint humming,
149 A, 8%|Fair, light wind ... W. 376462 86 |.. .| Hive quiet.
150 A, 93| Fairer ... W. [40-3 (464 6°1|.. ..| Faint humming,.
151 A.m. 104|Dull sky . W. [|40°9/46:7| 58 .. .| Hive quiet.
152 A.m. 114 Fair .. W.N, [44 [|47°1| 31]|.. .| Humming.
153 A 124 Fair .. W.N. (45148 | 2:9]. .| Humming.
1mas . . . Quiet, excepting that the humming of a single bee
154 pot. 13[Fair..... W.N, 447 48:1] 34 |.. { uiet, excepting that g gle be
155 p.m. 2%|Fair..... W.N. 44 [47'8| 38 |ceeciifivuenn Quiet.
156 pr.m. 3%|Fair.......... N. [40-8147-2| 64 |. .| Quiet.
157 p.M. 4}|Calm, clear... N. [37°646+7| 91 .. .| Hive quiet; calm clear evening.
158 17 a.m. 7 |Misty, calm... wW. 39 45 |6 |. .| Quiet ; dull misty morning.
159 AM. 7%Misty, calm... W, 39545 | 5 .| Brisk humming without evident cause.
160 amM. 8 |Misty, calm... W, 40 453] 5 ...| Hive more quiet.
161 A.M. 8% Misty, calm... .| W.N. [40'6 454 4 .| Quiet.
162 Am. 9 |Misty, calm........... J N.W. (4141453 3¢ .| Humming of a single bee,
163 A 93 Misty, light wind o N.W. [43:6 455 | 19 .oeeifeenees Quiet.
164 A.M. 10 |Light misty rain... CINW.W, 446 [46°1 | 15 |oeoulennns Quiet.
165 A.M. 103{Light misty rain... .| W.N, [45:2/46-8| 1- .| Quiet; no bees abroad.
166 A.M. 11}|Light misty rain.. W. 41474 |...... .| Quiet ; heavy clouds.
167 A.v. 12 |Light misty rain.. w. ..| Quiet; hive -1 of degree below the atmosphere.
168 A.M. 12}|Light rain ........ w. .| Quiet; ©-3 of degree below.
169 p.M. 1}{Clouds breaking.. W, [48:6483|...... ...| Quiet; °3 below; wind increasing; no rain.
170 p.m. 4 [Norain ... w. .| Quiet ; cloudy.
171 18 Aom. 8 |Very dull ..., W. .| Hive quiet; signs of rain.
172 AM., 9 |Brisk wind .o.veveiniiinnne. w. ..| Hive quiet; ©'3 below atmosphere; cloudy.
173 A.M. 10 |Brisk wind .c.oveiiiniinenes Ww. ..| Quiet; 1°'7 below the atmosphere; sunshine.
174 AM. 11 |Brisk wind .cccoeveninenenn. w. .| Quiet; 1°1 below; dull, cloudy.
175 A.M. 12 |Brisk wind ... W.S. y .| Quiet; 1°-4 below; sunny, with clouds:
176 v.M, 21| Brisk wind . Ww.S. (619516 Very quiet; ©3 below; a few bees abroad.
177 30 p.m. 3 [Light rain . S.  [54:3(60 Humming ; bees undisturbed for thelast 12 days.
178 [Dec. 2 p.m. 1 |Fine, calm ... w.S. b1 |75 Many bees abroad ; excited without evident cause,
179 p.m. 21| Fair, sunny..ooeniinnanin. W.s. 49 |72 .| Bees ventilating ; still excited.
180 p.m. 3 |Fair, sunny...... S.W. 48 735 Very irritable.
181 p.M. 33| Fair, calm ....... S.W. 46573 Very irritable.
182 pM. 4 [Fair, calm ..o SW, |46 ... Clear ; moonlight.
183 3 am. 8 |Windy, cold ..ovvernnnnnen S. (492|715 .{ Air damp and cold ; bees abroad and very busy.
184 AM. 9 [Brisk wind, cloudy.........| S. [50 |61 .| Hive quiet; heavy clouds.
185 A.m. 12} Brisk wind, cloudy.........| S. [51 [60-7 Hive quiet.
186 p.m. 4} Brisk wind, cloudy.........| S.S.E. [49:260-2 Hive quiet.
187 4 A, 10 (Fair, calm ..oooeveneeinnn|  Woo 14421508 .| Light clouds and rain; hive quiet.
188 5 am. 8 |Fine, clear ...covvevveennnnn] W, 134 432 ...| Hive quiet.
189 p.M. 4 |[Fine, calm ....ccovviinniinn| SSW. |44 |47 .| Hive quiet,
Hoar frost; has frozen hard during the last 86 hours;
. . . . ) bees active, although entirely undisturbed durin
190 12 oM. 8 |Fine morning, light wind| N. [23 (39 (|16 (72 |49 the last six days s 8 ieed the{herm. i TIm 495
above the temperature of the atmosphere,
MDCCCXXXVII, 2x
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TasLe XIII. (Continued.)
& Ny S N S . g
E Period of ] £g| 2 %’ S1E |8 |2
° Observation, ‘Weather. ‘Wind. 2 £l o 5 © g S 5 Remarks.
S Gl |8 |5 |E 4|8
Z 2 a8 |E|A A
1835' o] 0o o [} O
191 Dec. 12 p.m. 1 |Dull, cloudy .........] W. (38 1478 98 ...... 36°2| Bees more quiet but readily excited.
192 p.M. 4 |Dull, cloudy .eeeenned] W.o 136 56 120 L lieennilonne, Bees quiet.
193 13 p.m. 2 |Fine, calm .ooveeenne.| NJW. 1412 4521 4 ... 34 | Slightly active; soil hard frozen in the shade.
194 14 Ao 113 Cloudy  weeveveeeeennns| SW. 4264561 3 ... 20-9
Bees excited by the slightest noise, although entirely
undisturbed for the last nine days, during four of
195 23 .M. 4 |Clear frost .uveeeesenes N.E. 27 38 11 [.....|eeee. 723 453 which the temperature of atmosphere has been
below 32°, sometimes so low as 24° Faur. Bees
raised the thermometer to 72°:3 in ten minutes.
196 24 a.m. 12 |Calm, misty .E. Bees quiet ; soil still hard frozen.
197 r.M. 4 |Calm, hazy ... .E. .
198 25 a.m. 103{Calm, fine ... . . .| Bees quiet, but excitable; intense hoary frost.
199 27 a.m. 8 |Cloudy, calm .......... W. |29 1395 ..| Frost during the night ; temperature rising ; bees quiet.
200 p.M. 4 |Cloudy, thawing......| W. |37 (454 ..| Bees quiet; a gentle thaw.
201 28 a.m. 8 |Cloudy | W.S. 42-7 45 .| Bees quiet.
202 29 oM. 1 |Fine.oovieviniiniinnins W. 42:8(46-2 .| Bees quiet.
203 30 a.m. 8 [Light cold rain .......| N.W. 40 |44'9 Bees quiet.
204 {1836. Jan. 1 p.m. 2 |High wind, sleet ...| N.E. |31'544-1 Quiet, but excitable; frost, with wind and sleet all day,
Day-break ; starlight; hive excited; temperature
raised in 16 minutes, and maintained for several
205 2 aM. 7%(Clear, intense frost...]| E. [17°530 [12:5|........... 70 1525 minutes at 70° Faur., but at 5 inches distant from
this part of hive, temperature only 45°, thus giving
a temperature of 25° for the bodies of the bees.
206 AM. 7% Sun just risen.........
207 a.M. 8% Light wind ............ ...| Very fine.
208 AM. 83 Light wind ....cuuuuens .| Hive more quiet; very fine.
209 AM. 9% Light wind .voeevuueene Only very faint sounds in the hive, ..
210 Aax. 123{Light clouds ......... Hl;ie:“(‘;}net, wind shifting ; temperature rising ra-
211 p.M. 13 Rather cloudy.. Bees irritable; wind shifting,
212 pM. 24 Cloudy ...... o .| Hive quiet.
213 3 a.m. 10 |Light clouds ......... Hive quiet ; frost broke suddenly.
Bees undisturbed for three days; excited tempera-
214 5 p.m. 1 |Sunny, fair ............ { ture continued at 70° for several hours; many
bees going abroad.
215 13 A.m. 8 |Hoar frost ......ocuuee Ww. 28545
216 28 a.M. 8 |Fair......... vernenenees]  W. o 435595 On the 15th § fne day. T b
. . n the 1oth Inst., a very fine day, 1 saw many bees
217 |February 19 At 9 |Fine day...ocoveennes) NoW. 35 47°5 enter the hive with orange, brou?n and grey pollen.
218 AM. 11 |Fine day ... J N.W. 392482
219 p.M. 2 |Fine day... . N. [485502 .| Fine day.
220 20 a.m. 8 |Fine, calm J NE. 24 |44 Hive quiet; hard frost all night.
221 AM. 10 |Fine...ovvuneenns veoo| NLE. |34'5 485 Hive No. 2. very active; light clouds.
222 A 11 [Light clouds .......... E. [395 481 Calm cold morning.
223 pM. 2§ Very fine...ceuvennnens)  E.  41:8 585 Bees go abroad but return quickly ; air too cold.
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Showing the Temperature of the Atmosphere and
every fifteen minutes during thirteen successive

MR. NEWPORT ON THE TEMPERATURE OF INSECTS.

TanLe XV,

of Hive No. 1 on the same day in April, 1836.

of the Bee Hives No. 1 and No. 2
hours on the 2nd April, 1837, and

1837. 1836.
& T - B S A= g
& g g 5 8 S| 8 g' g2 g Temarks on the Hives and Weather, 1837,
‘S | Period of observa- Wind. =5 3 3 Wind. S 5
s i Bl E g |2 ¢g <% 8| g
Z 4 A E A oA
1837. o lo |g
1 |April 2. . 6 |Calm N.W.N. 1262 035 27-3 Hard frost; very fine; slight humming in the hive.
2 a.Mm. 61Calm N.W.N.|26-2 53'5| 273 Slight humming ; light fleecy sky.
3 A, 63/Calm N.W.N. | 27-6 54+4, 268 Slight humming ; stratified clouds in the west.
4 A 6% Calm NJW.N. | 29-3) 544, 25°1 Slight humming in both hives,
5 am. 7 |Light ggﬁ gg s 512 g%.;) Very fine; clouds fleecy.
6 am. 7% Light NW.N.,| 335|546 21 Very fine.
7 A 7% Light N.N.W.| 357|563, 20-6 Both hives quiet; very fine morning.
8 am. 7%|Light N.N.W.| 369,576, 20-7 Quiet ; stratified clouds in the west; fine.
9 aat, 8 |Light N.N.W.| 385/ 56-7| 182 5| Hives still quict,
10 a8} Light NN.W. 142 |57-6 15°6 Very fine ; hives quiet.
11 A 83 |Light N.N.W.| 432 59-5/163 5| Not a bee has yet gone abroad.
12 am. 8% Light N.N.W.| 44:3,59-6 15-3 Male of dnthophora retusa abroad.
13 am. 9 |Light N.N.W. 457, 60-7| 15 Very fine; fleecy clouds in the west.
14 am. 93 Light N....... 47-2,61-7) 145 Not a bee has yet left the hives.
15 a. 93 Light N ...... 47°6,63-7) 16°1 First bee left the hive at 9» 357,
16 aar. 9% Light N.......[ 49:3| 64-7| 154 Sky fleecy; two or three more bees abroad.
17 am. 10 |Light N. .. ...| 504, 65-4 15 First bee just returned with pollen.
18 a.m. 104 Light N. ...... 495,665 17 Three more bees have returned with pollen,
19 a.m. 104 Light N. ......| 50°5/ 69-2, 18-7 Many bees abroad ; sky fleecy; very fine.
20 A, 103 Light N....... 49'5/70 205 Many bees returning with pollen.
21 a.m. 11 |Light N. ...... 4831739/ 256 Much yellow pollen collected, some orange.
22 a. i1} Light N. ...... 47 727,257 Fine bright clouds; bees irritable.
23 A 114 Light N. by E. 456 72'6l 27 Very fine; pollen collected.
24 am. 1131 Light N. by E.| 45 |74 |29 ..| Very fine; hives active.
25 A 12%!Light N. y 46 |73-8 27-8 . Sevgn loaded bees return per minute.
26 A 123 LightN.by W.) 47°5, 73'6I 26-1 Wind shifting ; much pollen collected.
27 |Noon 12} Light NNN.W.| 45°2 744 292 Fourteen loaded bees return per minute.
28 r.a. 12§ Light N.N.W. | 456, 75-3) 20-7 Sky fleecy ; few bees going abroad ; many returning.
29 p. 1 |Light NNN.W.) 49-2 753, 26-1 "T'en loaded bees per minute.
30 r.M. 13 Brisk N.N.W. | 48°9 746, 257 .| Bees fighting at entrance of the hive.
31 r.m. 13 Light W....... 482 74+6) 264 Tair; bees flocking home hastily ; few go abroad.
32 r.M. 13 Light W. by 8.1 477 75:9 28:2 Rather overcast; very few bees abroad.
33 v, 2 \Brisk W.S, ... 477753 276 Overcast; scarcely a bee goes abroad.
B o Stk wis, 165 7400 307 Dull} ot » bee abroad
D P.M, rls Do e . . . ull; not a bee abroad.
36 v, 23 Brisk W.S. ...| 455|736/ 28-1 Dull; slight humming in the hive:
37 e, 3 |Brisk W.S. ...145:3, 74 | 287 Very dull; signs of rain.
38 v, 3} Brisk W.S. ... 455|735 28 Very dull.
39 r.M. 33 Brisk W.S. ...|44-5|73+5| 29 Very dull. .
40 e, 3% Light S.W. ...143:5|72 | 285 Very dull; hives quiet.
41 rM. 4 |Light S. ... 45:3,71:5| 26-2 Fair,
42 r.m. 4MLight S. ..., 43-1{72 | 289 Fair.
43 pan 41 Liirht S 42:5/71 | 285 Sunny, with clouds.
44 rov. 43{Light 8. ..., 42571 | 285 .| Dull; moist cool wind.
45 e 5 |Light S.W. .../ 42671 | 284 Dull; hazy.
46 PM. 53 Linht W..o....| 418692 274 ! Dull ; slight humming in the hive,
47 ro. 53|Light W 416/ 69 | 274 Very dull,
48 e 53| Light W....... 415|689 27-4| 62-, Dull
49 P.M. 64 Lig‘ht W.......[40:3| 67°2| 26+9| 62- |21+7|Brisk N.W. ...|41 |61:1/20-1 Dull; hives quiet.
50 e, 63[Light W....... 40°5| 671 266] 628 223...vvvvvvnvnrnneeeesirinslivnnisfoenens ! Dull,
51 par. 63 Light W.S....| 40-2| 67 : !’ gu}}
52 rM. 63 Light NW....[40 |68 |28 |63 |23 |iceiviviiirinnenienoeenenfinnena]onnens u
53 P.M. 74 Light N. ......|39 20-7. Very much overcast; hives quiet.
54 e 10 |Calm ...l 32 SVIVEN ST R ' Very cloudy.
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TasLe XVI.
Mean daily Temperature of the Atmosphere and Bee Hive No 1. as deduced from
observations made at abont the hours of seven, nine, and twelve in the morning,
and two and five in the afternoon, from Octeber 23, 1835, to November 18, 1835 ;
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and of the Hives No. 1 and 2 from February 19, to September 30, 1836.

I -1 & —- o ol P
g3 £ TIERE AFEN

"6. g E g ‘Wind. ‘Weather. ég‘ ® é} ® é Remarks.

s| 23| & & |55 |5

1835. ° °

) RO T T | N PO s Fine cvveveennn 4737 5887117 | 001,50, | Bees active,

2 24/W. by S.!Light .........|Cloudy .........| 528 | 60-03] 7:23|..... « | veever | Pollen collected in the morning.

3 25/ S, High veooo|Hard rain......|47:5 [55°1 [ 7°6 | ... ..eel Pollen collected in the morning.

4 26|W. by S. [High ......... Showery ... 49-48 55°56| 6°08|,.....|...... Scarcely a bee abroad.

5 27|W. by N.!Light .........|Light clouds...|45:26 52:3 | 7°04/ ......|...... A few bees abroad.

6 28/ W. |Calm .........|Fine ... -2 | 5484|1464/ ...... ...| A few bees abroad.

7 29| S.W. [Calm .........|Hazy...... 60:33] 6 |.eiir|oennnn Pollen collected ; many bees abroad.

8 30| E. by S. |Light 573 | 92 |.veei | venns Much pollen collected in the morning,

9 31/ S.W. |Shifting ....../Fair ...cccoce.. 65:20/ 1096 ...... | ...... Pollen scanty ; many bees abroad.

Mean temperature in October........ raseevaen 48-80,57:67| 8-87

10 |INov. 1] N.E. [Light ......... Fine -2 [61:06] 15-86] ...... | .. «eer | Pollen scarce ; many bees abroad.
11 2l S.W. |Light .cccuue. Fair 16 54:87| 6°71] evius | vununn Hive quiet ; but a few bees abroad.

12 3| S.E. [Brisk ......... Misty rain -37| 5387 7+ .| No bees abroad.

13 4 E. Brisk .eieene. Showery ...... 42-67)50-32| 7+ Hive quiet ; no bees abroad.

14 5 5. |Light ...l Steady rain...... 44-1549:57| 5- .. | Hive quiet.

15 6| N.E. [Calm ......... Fine ..ccvveennes 40:38/47-28] 6 .| A few bees abroad; a little pollen collected.
16 7| N.E. |[Shifting 88| 615 62| . A little pollen collected ; bees disturbed.

17 8/ N.W. |Brisk ......... *16| 56-38| 13- Many bees abroad.

18 9 N.E. |Brisk ...t °16/49-14| 7 Cold bleak wind ; hive quiet.

19 11/ N.E.N. |Calm ......... 03| 44°26| 6- Hive quiet ; a little sleet this morning.

20 12| N.E.N. {Light ......... Light clouds ...[41:62| 4442 2:80| ...... | ceuuss A few bees abroad, but return quickly.

21 13| N.E. |Light ...... ...|Rain & clouds |38:34]44:66, 6:32|......[...... | No bees abroad.

22 14/ N.E.N. |Shifting ...... Calm, fair +22/50-34/ 1212/ ...... | .ueee Bees greatly disturbed.

23 15/ N.E. |[Bleak ......... Cloudy ... 9 |55:52] 1162 ...... | .ueee. Hive nearly quiet.

24 16 W. by N. |Light .........|Fair ...... 176/ 46-98| 6:22| .uuis | vueees Hive quiet.,

25 17/ W. |Calm .........|Misty rain......| 44:96/ 47-04| 2-08|......|...... | Clouds and light wind.

26 18] W. by'S. | Brisk .c.eees Cloudy ......... 50°37| 49°92 vever | vererr | uunes A few bees go abroad,

Mecan temperature in November..oovcvvuirienans. 43-35/ 5140 | 765
1836, |

27 |Feb, 19| N.W, |Light 409 4863 7-78|53:03| 12:13| Pollen was collected on the 15th inst.

28 20| N.E.E. Calm ... ... 857 [50-2 | 14:5 | 74:13| 3843, Bees in No. 2 much disturbed.

29 21/ N.W. |Light ... ../ 883 |51-1 | 12-8 | 60-26| 2196/ Many bees go abroad, but soon return.

30 22| W. [Light ....... 4307 50 6+98| 58°47| 15:40| Pollen again collected.

31 23|W. by S. Light .........|Lightclouds...|43 |50-1 | 7-1 |54-86| 11:86| Pollen collected ; bees fighting. [diarrheea.
3 24| S.W. |Light ........./Showery ...... 42:6 | 507 | 81 |56-16| 13-56| Polilen collected ; bees of No. 1. fighting ; have
33 25| W. Brisk .........|Fine ..c.o.eeee., 42-3 | 544 | 121 | 60-7 | 18:4 | Pollen collected.

34 26| N.E. [Light .........|Rain andsleet |38'9 |49-47|10-57| 54:25| 15-35| Hives quiet; rain, sleet, snow, and wind.
35 271 W. |Light ........./Cloudy .. |39 4822 9-22|53-98| 14-98| Hives quiet.

36 28| W. |Light ........./Fair .... 39-82| 4837 8:55|54-72| 14-90| Hives less quiet ; no bees abroad.

37 29 W. |Light ......... Fine ....oceuuiee 4026/ 49-96| 9-70| 55°15| 1489 Pollen collected, bees fighting, have diarrhaa.

Mean temperature in February .....cccouuieena.n 40-35| 5010, 9-75| 57:79| 17-44
[diarrhea.

38 March 1| S.S.E 548 | 914|615 | 15-84] Hives quiet ; bees disposed to come abroad ;
39 21 W, i 5244 | 7 |5878| 13-:33| Many bees abroad fighting.

40 3 W, i 558 | 972/ 59:18| 13-10| Bees abroad ; only one returned with pollen.
41 4! W. i 58+48| 11-28| 58:74| 11+54| Pollen collected ; many bLees abroad.

42 5 S.W. |Hig 53-54| 7-54|61:92 15-92| Scarcely a bee abroad to-day.

43 6, S.S.E. |Hi Continued rain 55412 7-52|57:67|10-07| Hives quiet.

44 7/ S.S E. |Light ......... Fair 53-04| 844|552 | 11-60| Bees abroad, fighting, have diarrhca.

45 8 N.N.E. |Light ......... Cloudy 502 [10:17|55° | 14:97| A little pollen collected.

46 9! S. by E. |Shifting ......|Cloudy .. 476 | 9-67|51-83| 13:90| No bees abroad.

47 12| S.W. |High ......... Rain 557 | 81 |uevees|eeennn Weather tempestuous ; a few bees abroad.
48 13| W. |Brisk ......... Fair 57°26] 9:78...... v.esr | Many bees with pollen,

49 14] W. [High ......... Rain 584 | 91 |......|. No bees abroad.

50 15| W. [Tremendous 571 | 71 || Scarcely a bee abroad.

51 16] N.W. [Light ......... 51°97] 880 ceuves | eeunen Pollen scanty ; a few bees abroad.

52 17|W. by S. (High .... 553 | 58 |eviis | eennnn No bees abroad. .

53 18| S.S.W. |Light ......... 655 | 12:16] ceeuus | cernes Pullen in abundance ; bees fighting.

54 19| E.S.E. [Light .... 716 | 16°96] .c.uu | venren Pollen collected in abundance ; fighting.
55 20 W. |Light .... 65°46] 16°10] cevves | eeveen Pollen scarce, only a few bees abroad.

56 21 S.W. [Light ......... 63:04] 14°90| ...oo | vunees Very few bees abroad.
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57 |Mar. 22| S.W.S. |Var,light...\Clouds and rain| 487 | 62-82/14-12|...... | ...... Scarcely a bee abroad ; no pollen collected.
58 23| S.8.W. |Light ...... Clouds, rain ...[47'4 |62:28/14:88|...... |... «.. | Pollen collected in the morning.
59 24 W. |Brisk ......[Very fine...cco.. 44-72/5952| 14:80| .evvee | oenen. Bees active; much orange and yellow pollen.,
60 25| S.W. |Brisk ......|Finelightclouds/51:3 |67°6 | 16:3 |......|... v.. | Pollen collected ; bees very active.
61 26|W.N.W. |High ......[Stormy .........|42:64/60-64/18 |....|..... No bees abroad ; rain and hail.
62 27! S.S.E. |Brisk ...... Fineeeueereseerenns| 46:3 | 61-84| 15:54 ...... | ...... | Pollen, orange and yellow, collected.
63 28 S8.W. |Var, high...|Rain .........e ..|43:8 |62:6 {188 |......[...... | No bees abroad; hive quiet.
64 29 W. |High ......|Heavy clouds.../46'16/ 60-8 | 14-64 ...... | ... ... | But few bees abroad ; no pollen.
65 30| S.W. |Var high...Hard rain ......[49'8 638 |14 |......|...... Hive quiet; weather tempestuous.
66 31 W. |High ...... Fait ocveveereenens| 472 549 | 77 | ...unn | .eeee. | Scarlet and orange pollen collected; many bees abroad.
Mean temperature in March......... 4693 58:59| 11:66| 57-75| 10-82| { Mz temperature of No. 2, in the first nine days of
67 |April 1| N.E.E. |High ...... Rain and snow |41:5 [595 |18 |......|...... No bees abroad ; hard continued rain with snow.
68 2IN.W.W.|High ...... Cloudy ......... 429 | 6166|1876 ...... | ...... A few bees abroad with pollen.
69 3| N.W. |High ...... Stormy ..|48:75|6305] 14:30) ...... | ...... Many bees abroad perished with the wind.
70 4| N.N.W. [Light ...... Very fine.........[45'9 |72:3 |26'4 |...... [...... Orange and yellow pollen in abundance.
7l 5| S.S.W. |Light ...... Fine....... .| 48:66| 71:44| 22:78| 97-3 | 48-64| Pollen in abundance; Hive No. 2 much disturbed.
72 6| S.E. |Varlight...[Fair..... .| 459 1712 |25'3 |67-3 | 21-4 | But few bees abroad; cloudy, fair. T
73 7| S.W. |Brisk ...... Sunny ...|5176| 72:03| 20-27| 68-06/ 16-30| Pollen, scarlet, orange, and yellow in abundance.
74 8l S.W.S. |High ...... Cloudy ...|47°5 | 682 |20-7 |65:2717-77| No pollen collected ; few bees abroad.
75 9 S.W. |Light ...... Fair....... .| 49 | 69-54| 20-54 67-16, 18:16| Pollen in abundance, scarlet, white, yellow, brown.
G 16! S.E. [Var.light...|Showery ......... 50-56| 73-44| 22-88) 71-42| 20-86| Pollen abundant, orange, yellow, scarlel, grey, white, brown.
77 11|N. by W, Light ...... Light clouds ...|51+46| 72:68| 21:22| 72-42: 20-96| Pollen abundant, orange, yellow, scarlet, grey, white.
78 120 S.W. |Brisk ...... Fair coocvieiinennns 48-42| 69-75| 21-33| 69-87] 21-45| Few bees abroad ; signs of rain.
79 13| S.W. |Brisk ...... Fair .. ...|52:06| 72-84{ 20°78| 72-54| 20-48| Bees very busy ; pollen orange, scarlet, yellow, grey.
80 14 S. Var. light...|Dull.. «..|51:45|78:5 | 22:05|73-75| 22-30| Bees very busy ; damp atmosphere,
81 15| S.E. [Light ...... Fair .. ..|57-76|76:72| 18.96| 81'6 | 23-84/ Signs of rain; bees still very active.
82 16| S.E. |Light ...... Fine.. 5442 7626 21-84| 8586, 31-44| Pollen in abundance, scarlet, orange, grey, yellow, brown.
83 17| S.W.S. |Var.calm...|Light rain ......[47-26| 74:66| 27-40| 76-98| 29-72| A few bees abroad.
84 18] W. |Light ...... Light rain ...... 4906 78-78| 29:72| 77-34| 28-28| A few bees abroad, no pollen collected.
85 19 W. |Calm ...... Fine...covunennes | 50-72| 74+77)| 24-05| 79-62) 28-90| Pollen in abundance, yellow, white, grey, orange, scarlet.
85 20 W. |Brisk ... Fair.. ...|53-3 | 759 | 22:6 | 85°55| 32:25| Bees very active; working.
87 211 ~W. |Light ...... Fine....... ...|51:2 |73-46) 22:26| 867 |35-5 | Many bees abroad ; working.
88 22| S.W. |High 21-86| 868 | 31-92| Pollen in abundance, chiefly dirty white and orange.
89 23| S.W. |Brisk ......|Rain and fair...| 51" *26| 23-28| 85-52 83-54| But few bees abroad ; showery.
90 24 S. |Calm 264 | 795 |30-9 | Very few bees abroad.
91 25/ N.E. |Light 2278/ 81-5 | 27-08| Bees very active; working,
92 26| N. |Light 26-43| 822 | 26:98| Many bees abroad ; pollen abundant.
93 27| N.E. |Var.brisk... 3025 79-62; 31-12| Few bees abroad.
94 28| N. [Light 26-15! 80-9 | 32+65| Few bees abroad.
95 29| N. |High 26+47| 80-93! 31-57| Pollen nearly all deep orange ; a fall of snow this morning,
96|  30/E. by N.|Var.light...|Fine......oo....... 4926/ 7562|2636/ 78 | 28-74 {T'j"k ice this morning; abundance of pollen, chiefly
eep oranges
Mean temperature in April ....... .. 49:93| 73-07| 23-14| 78-22| 28-29
97| May 1| N. |High ... 79+65| 24:35| 81:65| 2635 Many bees abroad ; pollen abundant,
98 2| E. |Tremendous, 74:16/ 27+06, 76-53. 29-43| Snow this morning ; rain all day.
99 3| N.E.N. | Very high 77°7 | 24:45|79-27| 26-02| Abundance of pollen, orange and scarlet.
100 41 N.E. |Brisk ...... i ) ...| 5567|805 |24-83( 8357, 27°90| Abundance of pollen, orange and white.
101 5 . ight ... '36| 84:54| 34°18| 83+5 | 33:14| Many bees abroad. .
102 6/ E. [Light ...... e 8412 27+45| 87-87| 31-20| Great commotion in the hives; young bees hatching.
103 7 . . 85:26| 25:52| 91°42| 31:68| Abundance of pollen, scarlet, yellow, brown, grey, orange.
104 8 835 | 2596/ 917 | 34:16| Many bees abroad ; working.
105 9| 82 |24'16)92:28| 34-34| Bees very active.
106 10 83+16, 25-24| 89+66| 3174 Drone bees have just appeared.
107 11 81:92 24:14| 89-22| 31-44| Hoar frost last night; pollen collected.
4108 12 8716, 3536/ 91-66 39-86| Many drones abroad ; bees active.
109 13 87:06! 20-08| 96:17| 29-19| Drones abroad ; bees beginning to lay out for swarming. |
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110 | May 14|N.by E./Calm ...|Very fine...... 68-36) 87-36 19 92+82 24-46| Bees hanging out; loud humming in the hives.
111 15| N. [Light ...|Very fine...... 66:74| 89-48/22:74| 90-94| 24-20| Hive No.2lifted to preventswarming. Suneclipsedat2p.n.
112 16 S. |Varlight/Fine......ceuue. 6752 888 |21-28) 96-05) 28:54) Bees hanging out, much excited ; hive replaced.
113 17| E. |Light ...|Very fine...... 654 | 89-38| 23-88) 93-98, 23-58| Bees hanging out; drones abroad.
114 18] S.E. |Light ...[Very fine...... 7106 93-9 | 22:84] 955 | 24-44| Bees hanging out.
115 19| E. |Light ...|Light clouds |67:74| 928 |25:06) 93-22) 25-48| No bees hanging out, except a few in the morning.
116 20| S.E. |Light ...|Very fine...... 6754 94:04|26:50| 94-36| 26-82| Bees again hanging out.
117 21} E. |Light ...|Dull day...... 61:17| 95-37| 34:20| 93-7 | 32-53| Bees still hanging out.
118 22| E. |Brisk ...|Fine....ccoeunn. 61-77| 92-83|31:06| 92-83| 31:06| No bees hanging out ; very few abroad.
119 23| E. |Brisk ...|Dull day......|5275| 88-41/55:66| 88 |385:25| No bees hanging out; very few abroad.
120 24| N.E. |Light ...|Fair .| 5975 8845|2870 90-2 | 30-45| Many bees abroad, but not hanging out.
121 25| N.E. |Light ...[Fair .| 67-08 86-7 |29:62| 91-8 | 34:72| Many bees abroad, but not hanging out.
122 271 E. |Brisk ...|Fine 63-03| 92-43|29:40| 93 |29-97| Hive No. 2 swarmed suddenly at 25 vov,
Temperature of No. 2 up to period of swarming........ccceeueens 90-06| 29-89
123 98| E. |Light ...|Fair............| 50-04| 90-28 4024 86-24|36-20({ A dead drone and gucen mymph thrown out from the
‘ swarmed Hive No. 2,
124 29/ N.E. |Light ...|Very fine...... 635 | 8975 2625 91-75|28:25| Very few bees at entrance of Hive No. 2.
125 30| N.E. |Light ...|\Fi .165-12] 90-1 124-98| 90-75|25°63| Three queen nymphs ejected from Hive No. 2.
126 31| N.E. |Light ... 68-8 91'72| 22:92 92+4 | 246 | Abundance of pollen brought home.
Mean temperature in May ....occeeiiinnens 60-17 87'08; 2691 50-05/29-89
Total mean temperature of four months .« . ! : 0%l 91,
before swarming .....ceeveiiiiienienens } 49:34 67 21; 17:87) 70-95) 21-61
127 |June 1] N.E. |Light ...|Showery ...... 60-37) 877 }27'33 90-1 | 29-73| Bees of both hives very busy.
128 2| N.E. |Shifting |Rain ...| 5602 84:37,28:35| 86-4 | 30-38| Bees abroad in the morning.
129 3| 8.5.W.|High ...[Rain ..|61+7 | 87-25,35-55| 887 |37 | Bees very active.
130 4/ 8.8.W. [High ...|Fair............|60:5 | 8616 25:66| 85°16) 24:66| Few bees abroad.
131 58.W.W.|Brisk ...[Dull.. . ..|618 | 86 |24:2 | 88 |26:2 | Signs of rain; few bees abroad.
132 6/ S.W. |[High ...|Fine. 63-37| 90 '26'63 89:45| 26-05| Many bees abroad.
133 7 8. |Brisk ...|Fine. 584 | 8915 30-75| 89-8 | 31-4 | Many bees abroad.
134 8/ S. |Brisk ... Rain .........61:85| 90-5 |28-65| 89 |27-15| Bees of No. 1 working in the side box.
135 9 S. |Light ...Dalic. 625 | 615 120 Ll Working in side box ; many abroad.
136 11} S.W. |[High ...|Fair...... ...| 6575 907 |24:95| 8595|2020, Bees very busy ; (many bees at entrance of Hive No. 1.)
187 12 S.W. [High ...[Very fine...... 64+6 | 88-37/23-77| 8695 22-35| Symptoms of swarming again in Hive No, 2,
138 13| S.W. |Light ...|Very fine...... 706 | 94:83/24-23| 93 |22+4 | Bees much agitated at entrance of No, 2.
139 14| N.E. |Var. light 2 | 92:24) 21-04| 90-16] 18-96| Loud sounds in both hives; pollen abundant.
140 15| E. |Light ... 92:14/ 18:50| 91-94| 18-30| Evening showery, and bees kanging out again from No, 2.
141 16/ w. |Light ... 88:84/ 23-72| 88:32|23-20| Evening stormy, with thunder; bees hanging out.
142 17| E. |Light ...|F 90-38: 24-16| 89-54|23-32| Evening stormy ; bees hanging out.
143 18| S.W. |Brisk ... 87:17/21-13| 82-66| 16:62| Sccond swarm left Hive No. 2 at 7 a.n.
144 19 W, |Light ... 4 | 8643/ 22-03| 83-56] 19-16) Showery; Hive No. 2 very thin.
145 20| W. |Light ...|Very fine...... 6582 89'37123-55 84-75| 18-93| ‘Temperature of Hive 2 reduced.
Mean temperature in June.....ccovuerunenes 63-67 *S9'll| 25-44| 187-96 24-29
146 | July 20| W. [Light ...|Fair........... Has rained hard for thirty-six hours; bees active,
147 21 W. |Light ...|Showery Bees very active; pollen black.
148 22| W. |Light ...|Showery 50 " Many bees abroad ; no drones have yet been killed.
149 23| S.W. |Var. light|Fair...... 3+ R4 Bees in No. 1 disturbed.
150 24| S.W. |Light ...\Fair............ 63-92| 79-47 Killing drones in the first swarm from No. 2.
151 25| W. |Light ...Light clouds | 67 7815 Bees very active.
152 26| W. |Light ...|Very fine 15| 80-15 .| Many bees abroad.
153 27\ W. |Brisk ...Dull....cccouiss 79 Massacre of drones in the swarm continues.
154 28|E. by S.|Light ...|Fine............| 65-8 | 80-1 . | Bees very active.
Mean temperature in July «ooooieeiiineenend| 63:68) 79°77
155| Aug. 2, W. |[Light ...[Very fine...... 6547 751 | 963 ccuuiies] vunenn Attacking the drones in second swarm from No. 2.
156 4/ S. |Light ...|Fair 67-73| 812 [1347|ccuvcenes] vuvee. Bees very active; light rain and clouds.
157 5| S. |Light ...|Rain . 81-7915:69.... Bees very active; light rain,
158 7| S.E. |Light ...|Very fine 81:03| 10°20)...ceuvee| cunens Heavy dew last night.
159 8| S.E. |Light ...|Fine... 79-36,10-20|. Bees disturbed.
160 12| S.E.E. |Light ...|Fine 81:15| 9:40).cueeures] vunens Massac e of drones continues.

* Mean temperature in June of No. 1, the unswarmed hive.
1 Mean temperature of Hive 2, in June, after twice swarming.
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161 |Aug. 13| E. |Light ...|Very fine...... 764 | 811 | 47 |.oiin|.ene .. | Bees abroad in great numbers.
162 14| S. by E. |Light ...|Very fine...... 77:45/82:9 | 5:45|.ceuia|enns Abundance of pollen, white, orange, brown, green, and grey |
163 15/ W. |Light ...|Fair......... veo| 71-64] 84°24| 12:60] ...... | ..o...e Still killing the drones in the young swarms,
164 16| S.E.E. |Light ... 70-06| 83:58| 13:52 ...... | ...... Beginning to kill the drones in Hive No. 1,
165 17} S.W, |Brisk ... 7157|8092 935 ...... | ...... Pollen in abundance ; killing drones.
166 18 W. |Brisk ... ..| 63-98| 78:74| 14-76| 74-32) 10-34] Loud sounds in the hive; few bees abroad.
167 19) N.W. |Light ... 69-12| 78-52| 9-40| 83-75| 14-63| Bees very active,
168 20| N.W. |High ...|Hard rain ...|59-05|73-31| 14-26] 74-62) 15-57| Three nymphs expelled from No. 2.
169 21| N.W. |[Brisk ...|Fine....c.......[64:9 {75-1 | 102 |80-93| 16:03| Three nymphs ejected from the first swarm from No. 2.
170 22| S.W. |High ...[Fair............|66:62| 74-92| 8:30/76:37| 9-75| A drone turned out from swarm.
171 23| S.E. |Light .../Rain ...| 63:38|73-26| 9-88| 75°28| 11-90| Bees very active.
172 24/ N.E. [High ...|Fair............| 60-64| 74-88| 14-24] 75-28| 15'64| Few bees abroad ; drones have all perished.
173 25| 8. |Light ...|Fine....v.eee..|68-22| 74-32| 11:10 74-87) 11-65| Few bees abroad,
174 26/ S.W. |High ...|Dull... ..|68:56|75-23| 6:67|74:63| 6:07| Few bees abroad.
175 270 S.W. |High ...|Fine 65-16| 73+14| 7:98| 76:26) 11:10| Few bees abroad.
176 28/ S.W. |Light ...[Showery ...... 6515|7657 11:42| 78 | 12-85| Abundance of bees abroad with pollen.
177 29 N. |Calm ...[Very fine...... 67-3 |74-82| 7+562|78'56 | 112 | Many bees abroad with orange pollen.
178 30 W. |Light ...|Light clouds |67-3 |74.82| 752|785 |11-2 | Bees very active.
179 31| S.8.W. |Light ...|Very fine...... 687 {7486 6:16/75:3 | 66 | Abundance of pollen, yellow, orange, grey.
Mean temperature in August...... 67-64|77-79| 10:15/76:9 |10-82

180 | Sept. 1| S.W. Brisk ...|Fine.....c...... 66-14| 76-64| 10-50| 73-22| 7-08| Much pollen collected, orange, grey, yellow, and brown.
181 2 W. |Brisk ...|Light clouds | 59-58| 71-08| 11-50| 72-96| 13-38| Pullen less abundant ; showery.
182 3| 8.8.W. |Light ...|Fine............ 63-02| 69-02| 6 |72:45| 9:43| Pollen collected from the mignionette.
183 4, S. |Brisk ...[Showery ...... 67-05{ 72 4-95|73'4 | 6°35| Not many bees abroad ; showery.
184 5| W. |Brisk ...|Light clouds |59-1869-89|10-71|70 |10-82| Fine, but windy,
185 6 W. |High ...|Rain ... 56:03| 64:5 | 7-47|67-86|11:83| A cold rainy day, with wind.
186 7/ N. |Light ...|Very fine...... 57-07/66-3 | 9-23|69-3 | 12:23| Many bees abroad, working.
187 8 N. |Light .../Fine............ 60-92| 67-87| 6-95|69-77] 8:85| A little showery, with light wind.
188 9 S.W. |Light ... 57+23|67-6 |10-37| 65:66| 8-43| Hard rain all the morning.
189 100 W. |Brisk ... 56:02| 64-46| 8-44|66-66| 10-64) Bees abroad at noon ; weather rough.
190 11| N.\V, |Brisk ... 56-86| 61-02| 4-16|67-54| 10-68| Cold wind, but fine; few bees abroad.
191 12| N. |High ... ...|57:84| 64-46| 6:62| 66:62| 8:78| Not many bees abroad.
192 13 N. |High ... ...| 5866]64:8 | 6-14|68:08| 9-42| Signs of rain; hives quiet.
193 i4| N.N.E. |Light ... ...| 5747 64-82| 7-35|68:1 | 10:63| Signs of rain.
194 15, E. |Brisk ... ...| 5875|6345 4:70|67:82| 9-07| Bees abroad.
195 16f N.E. |[Brisk ... .| 575 |66 8:5 | 688 | 11'3 | Weather unsettled ; showery.
196 17/ N.W. |Light ... 60-67| 68:03| 7:36/70°1 | 10-43| A few bees abroad.
197 199 N. |Light ...|F 63-87| 69-20 5-33|70-38| 6-51| Weather unsettled.
198 21l N. |[Calm ... .| 574 |61 36 [65-7 | 83 | Bees still abroad.
199 22 S, Light ... 5578/ 58°26| 2-58| 62:02| 6:29] Hives quiet; no bees abroad.
200 23 W. [|High ...|Hard rain ...|60-83|66-43| 5°60|67:76| 6-93| Hives quiet; hard rain to-day.
201 24 W. |Brisk ...|Very fine...... 66-18| 6864 2:46| 72:96] 6-78| Great commotion at the entrance of the hives.
202 25| S.W. |Light ...[Fine............ 64-65| 69-45| 4:8070-7 | 6-05| Fair ; many bees abroad.
203 26| S. Brisk ...|Dull.... ..|63:46|69:78| 6327094 7-48| A few bees abroad.
204 271 S.W. |Light ...|Dull............ 66+06/69-1 | 304|714 | 4-34| No bees abroad.
205 28/ SSW.W. [High ...|Showery . 613 | 6493 363| 6553 4:23| Fair, windy; a few bees abroad.
206 29| S.W. |High ...|Rain 531 |55:7 | 26 |57:03| 3:93| Hives quiet; rain and wind all day.
207 30] N.W. |Light ... Fine............ 58:76|67-83| 9:07|69-2 | 10-44| Bees abroad again.
Mean temperature in September ........ccoeevenie 60-04| 665 | 6-46| 6668 6-64
Total mean temperature of four months after . . . . X

SWATMING cevverrenirreessireiiiininieie, } 6375 78:29) 14-54) 77:18 13:43
Total mean temperature of the periods before . . . . .

and after swarming............. caeenoe evnenes } 56:54)72:75| 16:21) 74:06) 1752

! i
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