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THFE,

PHILOSOPHY

ZOOLOGY:

i |
#E observations which we have ventured to offer in thé

former volume, relate to what may be termed the Motive;
the Sentient, the Nutritive, and Reproductive Functions of
Animals. The various Organs of the animal frame have
been described, their actions investigated, and the import-
ant purposes of life; to which they are subservient, have at
the same time been pointed out. An equally extensive
field of Zoological Science remains to be investigated.

Animals are related to one another, and to the objects
which surroand them, in such a manner, as to be dependent
on a variety of circumstances for the preservation of their
existence, their dispersion over the globe, and their power
of accommodation to the changes of the seasons. They
are likewise to be viewed as admitting of division into
classes and subordinate groups, according to the external
or internal characters which they exhibit. In the investi-
gation of these characters, a varicty of methods are em-
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2 PIIILOSO?HY OF ZOOLOGY.

ployed, and many rules have been prescribed, to regulate
the principles of zoological nomenclature.

In order to enter more fully into these important sub-
jects, we shall distribute the present volume into Four
Parts, In the first, we shall consider the Condition of
Animals in reference to their Duration, Distribution, and
Economical Uses. In the second, we shall treat of the
Methods of Investigation employed to ascertain their struc-
ture and actions. In the third, we shall examine the Rules
of Nomenclature ; while the fourth will embrace a Gene-
ral View of the Classification of the Objects of the Ani-
mal Kingdom.

PART FIRST.

ON THE CONDITION OF ANIMALS.

CHAP. 1.

ON THE DURATION OF ANIMALS.

EACH species of Animal is destined, in the absence of
disease and accidents, to enjoy existence during a particu-
lar period. 1In no species, however, is this term absolutely
limited, as we find some individuals outliving others, by a
considerable fraction of their whole life. In order to find
the ordinary duration of life of any species, therefore, we
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must take the average of the lives of a number of indivi-
duals, and rest satisfied with the approximation to truth
which can thus be obtained.

"There is but little resemblance; in respect of longevity,
between the different classes, or even species of animals.
There is no peculiar structure, by which long-lived species
may be distinguished from those which are short-lived.
Many species, whose structure is complicated, live but for
a few years, as the rabbit; while some of the testaceous
mollusca, with more simple organization, have a more ex-
tended existence:  If longevity is not influenced by struc:
ture, neither is it modified by the size of the species.
‘While the horse; greatly larger than the dog, lives to twice
its age, man enjoys an existence three times longer than the
former.

The circumstances which regulate the term of existence
in different species, exhibit so many peculiarities; corre-
sponding to each, that it is difficult to offer any general ob-
servations on the subject: Health is precarious, and the
origin of diseases generally involved in obscurity.. The
condmnn of the organs of respiration and digestion, how-

_ever, appears so mtlmately connected with the comfortable
continuance of life; and the attainment of old age, that
existence may be said to depend on the due exercise of the
functions which they perform.

Whether animals have their blood atrated by means of
lungs or gills, they require a regular supply of oxygen
gas. But as this gas is extensively consumed in the pro-
cesses of combustion,; putrefaction; vegetation and respi-
ration, there is occasionally a deficiency in particular pla-
ces for the supply of animal life. But, in general; where
there is a deficiency of oxygen, there is also a quantity of
carbonic acid or carburetted hydrogen present: Thesc
gases not only injure the system by occupying the place of

&2



4 PHILOSOPHY OF ZOOLOGY.

the oxygen which is required, but exercise on many spe-
cies'a‘deleterious influence. To these circumstances may
be referred the difficulty of preserving many fishes arnd
aquatic mollusca in glass jars or small ponds; as a great
deal of the oxygen in the air contained in the water, is
necessarily consumed by the germination and growth of the
aquatic cryptogamia, and the respiration of the infusory
animalcula. In all cases, when the air of the atmosphere,
or that which the water contains, is impregnated with noxi-
ous particles, many individuals of a particular species, living
in the same district, suffer at the same time. The disease
which is thus at first endemic or local, may, by being con-
tagious, extend its ravages to other districts.

The endemical and epidemical diseases which attack
borses, sheep and cows, obtain in this country the name of
murrain, sometimes also the diétemper. The general term,
however, for the pestilential diseases with which these and
other animals are infected is Epizooty, (from sm upon,
and Zwer an animal.

The ravages which have been committed among the
domesticated animals, at various times, in Fiope, by

epizooties, have been detailed by a variety of authors.

Horses, sheep, cows, swine, poultry, fish, have all been
subject to such attacks; and it has frequently happen-
ed, that the circumstances which have produced the dis-
ease in one spec;es have likewise exercised a similar in-
fluence over others.

That these diseases arise from the deranged functions of
the respiratory organs, is rendered probable by the circum-
stance, that numerous individuals, and even species, are
affected at the same time; and this opinion is strengthened
when the rapidity with which they spread is‘taken into
consideration.

Many diseases, which greatly contribute to shorten lifé,
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take their rise from circumstances connected with the or-
gans of digestion. Noxious food is frequently consumed by
mistake, particularly by domesticated animals. When cows,
which have been confined to the house, during the winter
season, and fed with straw, are turned out to the pastures
in the spring, they eat indiscriminately every green plant
presented to them, and frequently fall victims to their im-
prudence. It is otherwise with animals in a wild state,
‘whose instincts guard them from the common noxious sub-
stances of their ordinary situation.

The shortening of life, in consequence of the derangement
of the digestive organs, is chiefly produced by a scarcity of
food. When the supply is not sufficient to nourish the body,
it becomes lean, the fat being absorbed to supply the defi-
ciency,—feeblencss is speedily exhibited,—the cutancous
and intestinal animals rapidly multiply, and, in conjunc-
tion, accelerate the downfal of the system.

The power of fasting, or of surviving without food, pos-
sessed by some animals, is astonishingly great.  An eagle
has been known to live without food five weeks,—a badger
a month,—a dog thirty-six days,—a toad fourtcen months,
and a beetle three years. This power of outliving scarcity
for a time, is of signal use to many animals, whose food

cannot be readily obtained ; as is the case with beasts of

prey, and rapacious birds. But this faculty does not be-
long to such exclusively.” Wild pigeons have survived
twelve days, an antelope twenty days, and aland tortoise
eighteen months. Such fasting, however, is detrimental to
the system, and can only be considered as ene of those sin-
gular resources which may be employed in cases where,
without it, life would speedily be extinguished.

In situations where animals are deprived of -their accus-
tomed food, they frequently avoid the effects of starvation,
by devouring substances to which their digestive organs are

~
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not adapted. Pigeons can be brought to feed on flesh,
and hawks on bread. Sheep, when covered with snow,
have been known to eat the wool off each other’s backs.

The various diseases to which animals are subject, tend
greatly to shorten the period of their existence. With the
methods of cure employed by different species, we are but
little acquainted. Few accurate observations appear to
have been made on the subject. Dogs frequently effect a
cure of their sores, by licking them, They eat grass to ex-
cite vomiting; and probably to cleanse their intestines from
obstructions, or worms, by its mechanical effects. Many
land animals promote their health by bathing, others by
rolling themselves in the dust. By the last operation, they
probably get rid of the parasmcal insects with which they
are infected.

But mdependent of scarcity, or disease, comparatively

few animals live to the ordinary term of natural death.
There is a wasteful war every where raging in the animal
kingdom. Tribe is divided against tribe, and species a-
gainst species, and neutrality is nowhere respected. Those
which are preyed upon, have certain means which they,em-
ploy to avoid the foe; but the rapacious are lLikewise qua-
lified for the pursuit, The exercise of the feelings of be-
'nevolence may induce us to confing our attention to the for-
mer, and adore that goodness which gives shelter to the de-
fenceless, and protection to the weak, while we may be dis-
posed to turn, precipitately, from viewing the latter; lest
we discover marks of cruelty, where we wished to contem-
plate nothing but kindness. These feclings are usually the
companions of circumscribed and partial observation, and
fall far short of the object at which they aim.

It would be impious in us to inquire why the waster has
been created to destroy. It is enough if we know that ra-
pacious animals occupy a station in the scale of being. And,
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while we eagerly explore the various methods employed by
the defenceless, to secure themselves from danger, and evade
the threatened death ; it is suitable for us likewise to contem-
plate the various means employed by carnivorous animals to
gain the means of their subsistence. When we sce a hawk in
pursuit of a lark, we are apt to admire exclusively, the dex-
terity of the latter in avoiding destruction, and to triumph
when it has obtained the requisite protection in a thicket.
We seem to forget that the digestive organs of the hawk
are fitted only for carrion ; and we lose sight of the benevo-
lence and wisdom exhibited, in giving to its wings a power
of inflicting a deadly blow, and rendering the claws suited
for grasping, and the bill for tearing in pieces the quarry.
We are not therefore to take confined views of the animal
kingdom, if we wish to read the lessons concerning the Pro-
vidence of God which it teaches. He that causcth the
grass to grow for the cattle, and herb for the service of man;
likewise giveth meat in due season to the young lions which
roar after their prey ; and feedeth the ravens, though they
neither sow nor reap. We see rapacious and defenceless
animals existing, yet we do not observe the former success-
ful in extirpating the latter. Limits are assigned to the
ravages of this universal war. The excess only of the po-
pulation is cut off,—and this excess, on whose production
so many animals depend for subsistence, is as uniform as
the means used to restrain its limits.

These various circumstances which we have now enume-
rated as limiting the duration of animals, preserve the ba-
lance of life, restrain within suitable bounds the numbers
of the individuals of a species, and give stability to that
system, the wise arrangements of which can only be d1s.
covered by a close examination of the whole.
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CHAP. IL

ON THE DISTRIBUTION OF ANIMALS.

IN examining the zoological productions of different coun-
tries, we observe, that the species which are commonly met
with in one district, are rare, or not to be detected, in the
‘others. If we confine our attention to any one species, we
shall observe, that there is some particular country where
the individuals are most numerous, and where the energies
of life are exerted with the greatest activity. As we recede
from this district, the individuals become less numerous,
their increase goes on at a slower rate, and those which are
produced are rather of dwarfish stature: at length, we reach
the limits beyond which they do not extend. The geogra-
phical distribution of each species, therefore, may be re-
presented by a cirele, towards the centre of which, existence
can be comfortably maintained ; but as we approach the cir-
_cumference, restraints multiply, and lifc at last becomes im-
practicable. Each species has a range peculiar to itself, so
that the circles of different species intersect one another in
cevery possible relation. ; e
The extent of the earth's surface over which the indivi-
duals of a species are dispersed, can only be ascertained af-
ter a long series of obseryations, conducted by naturalists
in different countries. Hitherto the geographical limits of
but few species have been'satisfactorily determined. These
chiefly belong to the larger species of quadrupeds, as the
African and Asiatic elephants, the ass and the quagga, the
lion, hippopotamus, and polar bear. In the tribes of the
less perfect animals, the species of which have been investi-
gated by few, the extent of their GEocraruicaL DisTRI-
BUTION has been very mmperfectly determined.
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Before proceeding to the examination of the laws which
regulate the geographical distribution of any one species,
it is expedient that we previously make ourselves acquaint-
ed with the range of country it inhabits, the situations in
which it has been observed, and the peculiar characters it
exhibits in these different situations. But while this mi-
nute and varied information is requisite for the purpose of
investigating fully the physical history of any one species,
it is enough, for ordinary investigations, that we ascertain
those districts and situations where the individuals are most
healthy and most prolific, and those where they do not ex-
ist. By comparing the physical circumstances of the for-
mer with those of the latter, it will be no difficult matter
to discover those conditions which promote the vigour of
life in the one, and restrain or destroy its. energics in the
other. What, then, are those conditions which limit the
geographical distribution of species? They appear to be
limited to circumstances connected with "I'emperature, Food,
Situation, and Foes,

I. TEMPERATURE.

We have already stated, that the degree of heat at the
equatorial regions appears to be most favourable for the in-
crease of living beings, and that they diminish in numbers as
we approach the poles. There is no latitude, however, which
the perseverance of man has yet reached, where living be-
ings have not been observed. The icy shores of the arctic
regions are peopled as well as the arid plains or shaded fo-
rests of tropical climates. When, however, an inhabitant
of the colder regions is transported to a warmer district,
the increased temperature is painful, the functions be-
come deranged, and discase and death ensue. The inhabi-
tants of the warmer regions, when transported to the colder
districts, experience inconvenience from the change of tem-
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perature, cqually hurtful to the system, and fatal to its
continuance. The polar bear appears to be accommodated
to live in a region, whose mean annual temperature is be-
low the freezing point. In the summer temperature of
Edinburgh, however well supplied with food, he appears to
languish in misery. Cold spring-water poured upon him
seems to revive him for a little; but all relief is temporary,
the climate is too hot for the enjoyment of life. Destined
to live in a climate where the system is required to secrete
heat chiefly, it scems incapable of generating the cold re-
quisite to counteract the effects of even a temperate climate.
The inhabitants of the torrid regions, on the other hand,
seem capable of generating cold chiefly, all their organs
being adapted for resisting high temperatures ; and hence,
when brought to cold districts, they are incapable of gene-
rating the requisite degree of heat. :

In those districts where the individuals of a species are
most vigorous and prolific, the temperature most suitable
for existence prevails. The native country of the horse is
probably Arabia. There he exists in a wild state in the
greatest numbers. In the Zetland Islands, where he is
nearly in a state of nature, he is approaching the polar li-
mits of his distribution. He has become a dwarf. He
does not reach maturity until his fourth year, seldom con-
tinues in vigour beyond his twelfth, and the female is never
pregnant above once in two years. At the line where the
energies of the horse terminate, however, the rein-deer be-
comes a useful substitute. Tts equatorial limits do not
reach the shores of the Baltie.

The variations of the seasons, which bring along with
them corresponding changes of heat and cold, exercise a
powerful influence on the distribution of animals, in refe-
rence to temperature. Some species appear to possess a
considerable range of teperature, within which lifc can be
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casily preserved, and all its functions regularly performed.
We do not mean to intimate, that there is any animal which
can live in our climate, for example, and remain uninfluen-
ced by a difference of temperature of upwards of twenty
degrees between summer and winter. The constjtutional
arrangement suited to the one season, would be prejudicial
during the continnance of the other. But there are many
animals which live in the same district both in summer and
winter, and even in districts differing considerably in their
mean annual temperature. What, then, are the means
employed by these species to preserve life in the midst of
such vicissitudes? The power of producing heat or cold,
is a property obviously possessed by the warm-blooded ani-
mals, and probably in an inferior degree by those which
are termed cold-blooded. - But in all the efforts made by
the system to seerete extraordinary degrees of either heat or
cold, there is so great a portion of vital energy expended,
that exhaustion and death follow its long continuance. ~In
all cases where the influence of the scasons are to be resisted
by efforts of this kind, it would be requisite to continue them
uninterrupted for many months. These efforts, however,
are diminished in extent and duration by a varicty of the
most wonderful arrangements, exhibiting the infinite re-
sources of that Wisdom which planned the constitution and
continuance of the animal kingdom. To the chief of these

compensating or counteracting circumstances we shall now
briefly advert.

1. Changes take place in the Quantity of the Clothing.—
The same circumstances which enable the Negro to go about
in a state approaching to nakedness, and impel the inhabi-
tants of the arctic regions to cover themselves with woollen
cloth or skins, operate in regulating the clothing of quad-
rupeds and birds. In the warmer regions, it is requisite to
suffer the temperature of the body to be diminished, while,
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in the colder regions, the very opposite object is aimed at.
In the former case, the hair or feathers are thinly spread
over the body, while, in the latter, they form a closc and
continuous covering. In the dogs of Guinea, and in the
African and Indian sheep, the fur is so very thin that they
may almost be denominated naked. In the Siberian dog
and Iceland sheep, on the other hand, the body is protected
by a thicker and longer covering.

The clothing of animals, living in cold countnes, is not
only different from that of the _ammals of warm regions in
its quantity, but in its arrangement. If we examine the
covering of swine of warm countries, we find it consisting
of bristles or hair of the same form and texture; while the
same animals which live in colder districts, possess not only
common bristles or strong hair, but a fine frizzled wool
next the skin, over which the long hairs project. Between
the swine of the south of England, and the Scottish High-
lands, such differences may be observed. Similar appear-
ances present themselves among the sheep of warm and cold
countries. 'The fleece of those of England consists entirely
of wool ; while the sheep of Zetland and Iceland possess a
flecce, containing, besides the wool, a number of long hairs,
which give to it, when on the back of the animal, the ap-
pearance of being very coarse. 'The living races of Rhin-
oceros and Elephant, inhabitants of the warm regions,
have scarcely any hair’ upon their bodies; while those
which formerly lived in the northern plains of Europe, the
entire carcases of which have been preserved in the ice in Si-
beria, were covered with fur similar to the Icelandic Sheep,
consisting of a thick covering of short frizzled wool, protect-
ed by long coarse hairs. These species; now extinet,. pos-
sessed clothing suiting them for the climate where they
lived, and where they became at last enveloped in ice.
Had they been transported by any accident from a warmer
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region, they would have exhibited in the thinness of their
covering, unequivocal marks of the climate in which they
were reared.

By means of this arrangement, in reference to the quan-
tity of clothing, individuals of the same species can main-
tain life, comfortably, in climates which differ considerably
in their average annual temperature. By the same arrange-
ments, the individuals residing in a particular district, are
able to provide against the varying temperature of the sea-
sons. The covering is diminished during summer and in-
creased in winter, as may be witnessed in many of our do-
mestic quadrupeds,

Previous to winter, the hair is increased in quantity and
length. This increase bears a constant ratio to the tempe-
rature; so that when the temperature decreases with the
elevation, we find the cattle and horses, living on farms
near the level of the sea, covered with a shorter and thin-
ner fur than those which inhabit districts of a higher level.
Cattle and horses, housed during the winter, have shorter
and thioner hair than those which live constantly in the
open air. The hair is likewise shorter and thinner in a
mild, than during a severe winter.

This winter covering, if continued during the summer,
would prove inconveniently warm. It is, therefore, thrown
off by degrees as the summer advances ; so that the animals
which were shaggy during the cold months become sleck in
the hot season. '

This process of casting the hair takes place at different
seasons, according to the constitution of the animal with
respect to heat. The mole has, in general, finished this
operation before the end of May. The fleece of the sheep,
when suffered to fall, is seldom cast before the end of June.
In the nerthern islands of Scotland, where the shears are
never used, the inhabitants watch the time when the fleece
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is ready to fall, and pull it off with their fingers. The long
hairs, which likewise form a part of the covering, remain
for several weeks, as they are not ripe for casting at the
same time with the fine wool. This operation of pulling"
off the wool, provincially called rooing, is represented by
some writers, more humane than well-informed, as a pain-
ful process to the animal. That it is not even disagreeable,
is evident from the quiet manner iri which the sheep lie
during the pulling, and from the ease with which the fleece
separates from the skin.

We are in general insttentive with respect to the annual
changes in the clothing of our’domestic animals ; but when
in scarch of those beasts which yield us our most valuable

Jfurs, we are compelled to watch these operations of the
seasons. During the summer months the fur is thin and
short, and is scarcely ever an object of pursuit ; while dur-
ing the winter, it possesses in perfection all its valuable
qualities. When the beginning of winter is remarkable for
its mildness, the fur is longer in 7ipening, as the animal
stands in no need of the additional quantity for a covering ;
but as soon as the rigours of the season commence, the
fleece speedily increases in the quantity and length of hair.
This increase is sometimes very rapid in the hare and
the rabbit, the skins of which are seldom ripe in the fur un-
til there is a fall of snow, or a few days of frosty weather ;
the growth of hair in such instaiices being dependent on
the temperature of the atmosphere.

The moulting of birds is another preparation for winter,
which is analogous to the casting of the hair in quadru-
peds. - During summer, the feathers of birds are exposed
to many accidents. Not a few spontaneously fall some of
them are torn off daring their amorous quarrels; others
are broken or danmg'ed; while in many species they are
pulled from their bodies to line their nests. Hence, their
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summer dress become thin and suitable. Previous to win-
ter, however, and immediately after the process of incuba-
tion and rearing of the young is finished, the old feathers
are pushed off in succession by the new ones, and in this
manner the greater part of the plumage of the bird is re-
newed. During this process of moulting, the bird scems
much enfecbled, and, if previously in a weak state, is in
danger of dying during the process. In consequence of
this renewal of the feathers, the winter covering is render-
ed perfect, and the birds prepared for withstanding all the
rigours of the season. In those birds whose plumage changes.
colour with the seasons, the moulting takes place in sub-
serviency to the purposes of these variations, as we shall
shortly have occasion to notice. ¥
By this addition to the non-conducting appendices of the
skin, quadrupeds and birds are enabled to preserve the heat
generated in their bodies, from being readily transmitted
to the surrounding air, and carried.off by its motions and
diminished temperature. But along with a change of
quantity, there is frequently also a change of colour.

R. Changes take place in the Colour of the Clothing.—
The distribution of colour in the animal kingdom, appears
to be connected with latitude as correlative with tempera-
ture. In the warmer districts of the earth, the colours of
man, quadrupeds and birds, exhibit greater variety, and
are deeper and brighter, than in the natives of colder coun-
tries.

Among the inhabitants of the temperate and cold re-
gions there are many species which, in"reference to the co-
lour of their dress, do not appear to be influenced by the
vicissitudes of the scasons. In others, a very marked dif-
ference prevails between the colour of their summer and
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winter garb. A few of the more obvious instances of these
changes, in British species, may be here produced.

Among quadrupeds, the Alpine hare (Lepus variabilis)
is a very remarkable example. It is found, in this country,
on the high mountains of the Grampian range. Its sum-
mer dress s of a tawny grey colour ; but, about the month
of September, its fur gradually changes to a snowy white-
ness. It continues in this state during the winter, and re-
sumes its plainer covering again in the month of April or
May, according to the season. The eriine is another of
our native quadrupeds which exhibits in its dress similar
changes of colour according to the season. It frequents
the outskirts of woods and thickets. During the summer
months, its hair is of a pale reddish brown colour ; in har-
vest it becomes clouded with pale yellow; and, in the
month of November, with us, it is of a snow white colour.
Its winter dress furnishes the valuable fur called ermine,
Early in spting, the white becomies freckled with brown,
and in the month of May it completely resumes its summer
garb. 4 v

Among the feathered tribes siich instances of change of
colout in the plumage during winter are numerous. They
greatly perplex the ornithologist, and have been the means
of introducing into the system several spurious species.
The white grous or ptarmigan (Tetrao lagopus) may be
produced as a familiar example of this kind of hybernation.
This bird, like the Alpine hare; inhabits the higher Gram-
pians, and is never found at a great distance from the limits
of the show. In summer its plumage is of an ash colour,
mottled with small dusky spots and bars. At the approach’
of winter the dark colours disappear, and its feathers are
then found to be pure white. In remarkably mild winters
the change is sometimes incomplete, a few dusky spots of
the summer dress remaining. In spring its winter garb
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becomes again mottled, and the bird loses much of its
beauty. Even the young birds in their autumnal dress re-
semble their parents in the mottled plumage, which like-
wise becomes white at the approach of winter.

Among the aquatic birds, similar changes in the colour
of the plumage have been observed. The black guillemot
( Uria grylle), so common on our coasts, isof a sooty black
colour during the summer, with a white patch on the wings.
During winter, however, the black colour disappears, and
its plumage is then clouded with ash-coloured spots on a
white ground. In the winter dress it has been described
by some as a distinct species, under the name of the spotted
guillemot. In the more northern regions, as in Greenland,
for example, this bird, in winter, becomes of a purc white
colour.

These changes of colour, which we have already men-
tioned, extend throughout the whole plumage of the bird ;
but, in some instances, the change takes place on a small
part only of the plumage. Thus the little auk (dica alle),
during summer, has its cheeks and throat of a black colour,
but in winter these parts become of a dirty white. In this
its winter garb, it is often shot on our coasts. Its sum-
mer dress induced PENNANT to consider it as a variety,
and as such to give a figure of it in his British Zoology.
The black-headed gull (Larus ridibundus) has a black
head during summer, as its English name intimates. Du-
ring the winter, however, the black colour on the head
disappears; and, when in this dress, it has been regarded
by many as a distinct species, under the name of the Red-
legged Gull.

In many other birds there is a remarkable difference, in
point of colour, between the summer and the winter plu-
mage, although not so striking as in those which we have
already noticed.  The colours of the summer feathers are

VOL. II. B
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rich and vivid ; these of the winter obscure and dull. This
is well illustrated in the dunlin (7inga alpina), whose
summer plumage is much intermixed with black and ru-
fous celour, .but whose winter plumage is dull and cine-
reous. In its winter dress it has been described as a dis-
tinct species, under the name of 7" cinclus, or Purre. Si-
milar instances might be produced in the wagtails, lin-
nets, and plovers, and a great many other birds.

The circumstances under which these changes are ob-
served to take place, indicate their dependence on tempera-
ture, as connected with the season. The deep colours of
the sunfmer dress are exchanged for the lighter or whiter
colours of the winter, with a rapidity and extent propor-
tional to the changes of the seasons. During a mild autumn,
the shifting of the dark for the light coloured dress proceeds
at a very slow pace; and when the winter also continues
mild, the white dress is never fully assumed. In some
species, as the black guillemot, the white winter dress is
never acquired in this climate, although its ash-coloured
plumage intimates a tendency to the change. 1In the cli-
mate of Greenland, on the other hand, the change is com-
plete, and the plumage is of a snowy whiteness; as we had
an opportunity of observing in the collection of the Dublin
Society in 1816, in a specimen in its winter dress, brought
from Greenland by an intelligent and enterprising natural-
ist, Sir CHARLES GIESECKE.

Having thus seen that the colour of the clothing of many
animals changes with the season, and that, however diver-
sified the summer dress may be, the colour during winter
approaches to white, it may now be asked, What benefit is
derived from this arrangement * ? :

* Some species of gulls exhibit in their winter plumage very striking de.
viations from this general rule. MonTagu, in his Supplement to the Orni-
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The rate at which bodies cool is greatly influenced by
their colour. The surface which reflects heat most readily,
suffers it to escape but slowly by radiation. Reflection
takes place most readily in objects of a white colour, and
from such, consequently, heat will radiate with difficulty. 1f
we suppose two animals, the one of a black colour, and the
other white, placed in a higher temperature than that of
their own body, the heat will enter the one that is black
with the greatest rapidity, and elevate its temperature con-
siderably above the other. These differences are observ-
able in wearing black and light coloured elothes during a
hot day. When, on the other hand, these animals are
placed in a situation, the temperature of which is consider-

’

thological Dictionary, article Common Gull, says,—‘ We have had this
species alive for some years, and observed, that when it had attained its full
mature plumage, in the second year, the head and neck is pure white during
the summer ; but, like the herring gull, these parts become streaked, and
spotted with brown, in autumn, which is continued all the winter; and in
the spring become again pure white,” When speaking of the herring gull,
he says,—-‘ This gull is now living, and in high health, being thirteen years
old. It begins moulting about the middle of August, when it annually as-
sumes the mottled head and neck 5 and about the middle of February, the
partial spring moulting commences, the mottled feathers are discharged, and
succeeded by pure white.” A herring gull, at present six years old, in the
garden at Canonmills, of my esteemed friend Mr P. NEirw, has, for the last
three years, regularly acquired the mottled plumage of the head and neck,
in the month of August. It did not acquire the pure white head and neck
in spring and summer, before the third year. Captain SaBINE, in his valuable
Memoir on the Birds of Greenland, Linn. Trans. vol. xii. p. 544, when de-
scribing the changes of plumage which the Larus glaucus exhibits, adds,—
¢ In winter, the mature bird has the head and neck mottled with brown, as
is usual with all the white-headed gulls.” In a specimen of L. marinus,
shot in winter, I observed on the head, and chiefly in front of the eyes, a
few black hairs, which were formed from the produced ends of the shafts.

B Q

~
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ably lower than their own, the black animal will give out
its heat by radiation to every surrounding object colder
than itself, and speedily have its temperature reduced;
while the white animal will part with its heat by radiation
at a much slower rate. The change of colour in the dress
of.animals is therefore suited to regulate their temperature
by the radiation or absorption of caleric.

While it is requisite that the temperature of some species
should be preserved as equably as possible, the cooling ef-
fects of winter are likewise resisted by an additional quan-
tity of: heat being generated by the system. An increase
in the quantity of clothing takes place to prevent that heat
being dissipated by communication with the cold “ob-
jects around, and the dress changes to a white colour,
to prevent its loss by radiation. In summer, the pernicious
increase of temperature is prevented by a diminished seere-
tion of heat or the secretion of cold, mcreased perspiration,
the casting of a portion of the winter covering, and by a
superior intensity of colour in the remainder ngmtr it a
_greater radiating power. This last character would, in the
sunshine, by absorbing heat, prove a source of great in-
convenience, were its effects not counterbalanced by other
arrangements, and by the opportunity of frequenting the
refreshing shade, or bathing in the stream.

In those cases, where particular parts only of the cloth-
ing change their colour, there are probably local circum-.
stances connected with the secretions, or the sexual system,
which render such arrangements necessary. Hair growing
from a part which has been wounded, is always paler colour-
ed than that which is produced on the sounder parts, inti-
mating the operation of local causes on the colouring secre-
tions, or local purposes to be served by the change.

It is probably for the purpose of preventing a wasteful
dissipation of the heat of the system, that the dress of many
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animals becomes lighter coloured in old age, and that the
human hair turns grey. Young amimals seldom present
the same dress and vivid coleurs, &c. which they assume
upon arriving at maturity *

The change of colour which takes place in the dress of
some animals during winter, is supposed to serve other
purposes than the regulation of their temperature. The
white garb which they assume, assimilates them to the
colour of the snow, and in this way they are considered as
better able to escape the observation of their foes.

All our conclusions concerning final causes, ought to be
the result of very extended observations, lest we delineate
arrangements which would be productive of -pain and ruin
to many species, where we intended to unfold the marks
of wisdom and benevolence. If the white dress of the al-
pine hare and ptarmigan concealed them from their enec-
mies, the eagle, the cat, and the fox, these last, by being
deprived of their ordinary food, would be in danger of
starvation and death. But this variation of colour is not
confined to weak or defenceless animals. Beasts and
birds of prey are likewise subject to the change. Hence,
if it yxelded protection to some, it would enable others to
prey with greater certainty of success on their defenceless
neighbours. Many of these rapacious animals, (as the er-
mine for example, which is at all times well qualified to
provide for its wants by its determined boldness, extreme
agility, and exquisite smell), do not stand in need of such
assistance. If this change extends to the rapacious as well

* Young guils and solan geese, however, present very obvious excep-
tions. Their darkest colours are those of immaturity. Yellow seems a pre.
dominant tint of infancy. The hoofs of quadrupeds, and the beaks of birds,
are usually more or less tinged with this colour at birth. .
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as the defenceless, it may likewise be observed in aqua.
tic as well-as in terrestrial animals. In reference to acqua-
tic animals, we would ask, What protection is afforded to
the black guillemot, during the winter, by its mottled plu-
" mage, or to the little auk, by its white chin, since the whiter
their dress, so much the more unlike the dark coloured
water of the clouded season in which it is exhibited ? = The
popular opinion on the subject must be relinquished as un-
tenable ; especially as the change of colour from dark to
white does not vary, however different the habits or even
stations of the animals may be in which it takes place.

An interesting inquiry yet remains to be made regard-
ing the manner in which this change in the colour of the
dress is effected. The attention of naturalists has, of late
years, been directed to this subject, and several important
observations have becn made, equally interesting to the phy-
siological and systematical zoologist.

From the belief which is gencrally entertained, that in
hair and feathers there is no circulation, neither secre-
tion nor absorption, a conviction arose in the minds of
many naturalists, that the change of colour which takes
place in the dress of some animals according to the season,
was not the effect-of any organical change in the hair or
feathers, but accompanied a renewal of the whole. = The
late GEoreE MonTAaGU, Esquire, who had long attended
to the characters and habits of the feathered tribes, delivers
his opinion on this subject in the following terms: ¢ Some
species of birds seem to change their winter and summer
feathers, or at lcast in part ; in some, this is performed by
moulting twice a-year, as in the ptarmigan, in others, only
additional feathers are thrown out. But we have no con-
«ception of the feathers changing colour, although we have
been informed of such happening in the course of one
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night *.” Staggered with the statements of such a frequent
renewal of the dress of animals, accompanied by such a
wasteful expenditure of vital energy, and guided by multi-
plied observations, we ventured to offer the following re-
marks on the subject in the Edinburgh Encyclopedia, un-
der the article « Hybernation,” vol. xi. p. 387, published
in 1817.

“ It has been supposed by some, that those quadrupeds
which, like the alpine hare and ermine, become white in
winter, cast their hair twice in the course of the year; at
harvest when they part with their summer dress, and in
spring when they throw off their winter fur. This opinion
does not appear to be supported by any direct observations,
nor is it countenanced by any analogical reasonings. If
we attend to the mode in which the- hair on the human
head becomes grey as we advance in years, it will not be
difficult to perceive that the change is not produced by the
growth of new hair of .a white colour, but by a change in
the colour of the old hair. Hence there will be found some
hairs pale towards the middle, and white towards the ex-
tremity, while the base is of a dark colour.. Now, in ordi-
nary cases, the hair of the human head, unlike that of se-
veral of the inferior animals, is always dark at the base, and
still continues so during the change to grey; hence we are

% *¢ Ornithological Dictionary,” Introduction, p. 25. London, 1802.
The same intelligent observer continued, even after the publication of the
¢ Supplement™ to the above work, in 1813, where the subject frequently
came under his notice, to entertain the same opinion. He was disposed to
admit two, and in some cases three successive moultings in the course of a
year. In a letter which I received from him on the subject, dated ¢ Knowle,
7th December 1814,” he adds, ¢ But I have no conception of a change of
colour in the same feather or hair, (because the colouring matter has been
disposed in embryo), except by length of time, as our hair is changed by

age.”
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disposed to conclude from analogy, that the cl{ange of col-
our, in those animals which become white in winter, is ef-
fected, not by a renewal of the hair, but by a change in the
colour of ;he secretions of the rete mucosum, by which the
hair is nourished, or perhaps by that secretion of the

colouring matter being diminished, or totally suspended.

“ But as analogy is a dangerous instrument of investiga-
tion in those departments of knowledge which ultimately rest
on experiment or observation, so we are not disposed to lay
much stress on the preceding argument which it has fur-
nished. The appearances exhibited by a specimen of the
ermine now before us are more satisfactory and convineing.
It was shot on the 9th May (1814), in a garb intermediate
between its winter and summer dress. In the belly, and
all the under parts, the white colour had nearly disappear-
ed, in exchange for the primrose-yellow, the ordinary tinge
of these parts in summer. The upper parts had not fully -
acquired their ordinary summer colour, which is a deep
yellowish-brown. There were still several white spots, and
not a few with a tinge of yellow. Upon examining those
white and yellow spots, not a trace of interspersed new short
brown hair could be decerned. This would certainly not
have been the case if the change of colour is effected by a
change of fur. Besides, while some parts of the fur on the
back had acquired their proper colour, even in those parts
numerous hairs could be observed of a wax-yellow, and in
all the intermediate ‘stages from yellowish-brown, through
yellow, to white.

-t These observations leave little room to doubt, that the
change of colour takes place in the old hair, and that the
change from white to brown passes through yellow. If
this conclusion is not admitted, then we must suppose that
this animal casts its hair at least seven times in the year.
Tn spring, it must produce primrose-yellow hair ; then hair



CLOTHING OF ANIMALS. 25

of a wax-yellow ; and, lastly, of a yellowish-brown. The
same process must be gone through in autumn, only rever-
sed, and with the addition of a suit of white. The absur-
dity of this supposition is too apparent to be farther ex-
S i |

« With respect to the opinion which we have advanced,
it seems to be attended with few difficulties. 'We urge not
in support of it, the accounts which have been published
of the human hair changing its colour during the course of
a single night; but we think the particular observations on
the ermine warrant us in believing, that the change of col-
our in the alpine hair is effected by a similar process. But
how is the change accomplished in birds ? '

¢ The young ptarmigans are mottled in their first plu-
mage similar to their parents. They become white in win-
ter, and again mottled in spring. These young birds, pro-
vided the change of colour is effected by moulting, must
produce three different coverings of feathers in the course
of ten months. This is a waste of vital energy, which we
do not suppose any bird in its wild state capable of sustan-
ing ; as moulting is the most debilitating process which
they undergo. In other birds of full age, two moultings
must be necessary. In these changes, the range of colour
is from blackish grey through grey to white, an arrange-
ment so nearly resembling that. which prevails in the er-
mine, that we are disposed to consider the change of colour
to take place in the old feathers, and not by the growth of
new plumage ; this change of colour being independent of
the ordinary annual moultings of the birds.

¢ Independent of the support from analogy which- the
ermine furnishes, we may observe, that the colours of other
parts of a bird vary according to the season. This is fre-
quently observable in the feet, legs, and bill. Now, since
a change takes place in the colouring sccretions of these
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organs, What prevents us from supposing that similar
changes take place in the feathers? But even in the case
of birds, we have before us an example as convincing as the
ermine already mentioned. It is a specimen of the little
auk (4lca alle), which was shot in Zetland in the end of
February 1810.  The chin is still in its winter dress of
white, but the-feathers on the lower part of the throat have
assumed a dusky hue. Both the shafts and webs have be-
come of a blackish grey colour at the base and in the centre,
while the extremities of both still continue white. "The
change from black to white is here -effected by passing
through grey.  If we suppose that in this bird the changes
of the colour of the plumage are accomplished by moult-
ing, or a change of feathers, we must admit the existence
of three such moultings in the course of the year—one
by which the white winter dress is produced, another for
the dusky spring dress, and a third for the black garb of
summer. It is surely unnecessary to point out any other
examples in support of our opinion on this subject. We
‘have followed nature, and our conclusions appear to be jus-
tified by the appearances which we have described *.”
Since the preceding observations were communicated to
the public, Professor JamEsoxN has obligingly pointed out
to me the following passage in CarTwricHTs Journal of
"I'ransactions on the Coast of Labrador (3 vols. 4to. Newark
1792), vol. i. p. 278, as containing an expression of the
same.opinion which I had formed upon the subject. ¢ 28th
September 1773.—This morning I took a walk upon the

* The Reverend Mr WHITEAR, in his ¢ Remarks on the Changes of the
Plumage of Birds,” in Linn. Trans. vol. xii. p. 524, read April 6. 1819,
has recorded several striking facts observed in the plumage of ‘the mallard,
chaffinch, and some other birds, which corroborate the opinion advanced
above,
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hills to the westward, and killed seven brace of grouse.
These birds are exactly the same with those of the same
name in Europe, save only in the colour of their feathers,
which are speckled with white in summer, and perfectly
white in winter, fourteen black ones in the tail excepted,
which always remain the same.  'When I was in England,
Mr Banks (now Sir Josers Banks), Doctor SoLANDER,
and several other naturalists, having inquired of me respect-
ing the manner of these birds changing colour, I took par-
ticular notice of those I killed, and can aver for a fact, that
they get at this time of the year a very large addition of
feathers, all of which are white; and that the coloured fea-
thers at the same time change to white. In spring, most
of the white feathers drop off, and are succeeded by co-
loured ones ; or, I rather believe, all the white ones drop
off, and that they get an entire new set. At the two sea-
sons they change very différently; in the spring, beginning
at the neck, and spreading from thence ; now, they begin
on the belly, and end at the neck. There are also ptarmi-
gans in this country, which are in all respects the same as
those I have killed on some high mountains in Scotland.”

The total absence of every thing like demonstration of
the truth of the assertion regarding the autummnal change
of the colour of the plumage of the grouse, and the lan-
guage of hesitation which he employed when speaking of
the changes observed to take place in spring, probably in-
duced those naturalists who had perused Carrwricut’s
work, to reject statements so opposite to the opinions ge-
nerally entertained on the subject. The conjecture that
all the white feathers drop off.in spring, even those which
were produced in the previous autumn, to be succceded by
coloured .ones, has not been verified by any observations
which we have been able to make on the subject.
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The moulting of birds takes place in all cases gradually,
and in those species whose plumage changes colour with
the season, the different moultings take place at corre-
sponding periods. In the autumn, we find that the black
feathers on the head of the Larus ridibundus change to a
white colour. But besides the altered feathers, others
spring up, of a white colour, to increase the quantity of
clothing. 'This gull has, therefore, during the winter,
some of the feathers of the head old, and others young.
Again, in spring the white feathers of the winter become
black, and a few new feathers make their appearance, like-
wise of a black colour, to supply the place of the older
ones which drop off in succession. Some of the feathers
on the head of this gull are half a ycar older than others;
and consequently, we may infer, will fall off sooner than
those of more recent growth. From these, and similar
facts, furnished by several species of British birds, we are
disposed to conclude, that the feathers which are produ-
ced in autumn and the beginning of winter, and which
correspond with the conditions of the season, change
their colour in spring, and continue in this state until
they are shed in autumn. The feathers which are pro-
duced in spring, continue of the same hue during the
summer, change their colour in winter, and fall off again
upon the approach of spring. In this manner, the quanti-
ty of the plumage fit for the different seasons of the year
is easily regulated, and it is only necessary that the change
of colour in each feather shonld take place but once in the
course of its connection with the bird. By £hese arrange-
ments, the welfare of the individual is promoted by the
simplest means. ,

Many animals, which are unable to provide against the
vicissitudes of the seasons, by varying the quantity and the
colour of their dress, are, nevertheless, protected by being
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able to shift their quarters, so as to live throughout the
whole year in a temperature congenial to their constitution.

* 8. Periodical Migration~Quadrupeds in general, from
their limited power of locomotion, cannot migrate from one
country to another, with ease and safety, in order to avoid
the variations of temperature which accompany the changes
of the seasons. In the same country partial migrations may
take place, as we witness in the stag and the roe, which
leave the alpine regions at the approach of winter, and seek
protection in the more sheltered plains. In America some
species of the genus Dipus perform still more extensive mi-
grations. 'Those quadrupeds, however, which have the fa-
culty of flying, as the bats, or of swimming, as the seals
and whales, may overcome the obstacles which oppose a
change of place, and execute safely periodical migrations.
Individuals of these tribes are accordingly observed to
avoid the extremes of heat and cold, by shifting their situa-
tions according to the seasons. 'The great bat (Vespertilio
noctula), which inhabits England during the summer, is
known to spend its winters in a torpid state in Italy. The
Greenland seal forsakes the icy shores which it has fre-
quented during summer, and migrates southwards, at the
approach of winter, to Iceland.

The facts which have been ascertained in reference to
the periodical migration of quadrupeds, are too few for en-
abling us to point out the laws by which they are regulated.
The movements of birds, however, furnish more interesting.
results.

The migrations of the feathered tribes have been the ob-
ject of popular observation, since the days of the prophet
Jeremiah: “ For the stork in the heaven knoweth her ap-
pointed times; and the turtle, and the crane, and the swal-
low, observe the time of their coming.” (ch. viii. ver. 7).
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The systematical naturalists have likewise collected many
scattered observations, and the subject appears now to be
capable of receiving a satisfactory illustration. It is not
our intention to enter into any minuteness of detail, regard-
ing the migrations of particular species, but to ascertain the
laws of migration, and the circumstances under which it
takes place. ¢

Before entering farther upon the subject, it may be pro-
per to state, that the same species which is migratory in
one country, is in some cases stationary.in another; as the
linnet, which is migratory in Greenland, but stationary in
Britain. In Britain, both male and female chaflinches are
stationdary, while in Sweden, the latter are migratory *.
Some species of the same natural genus are migratory, while
others are stationary. Thus the fieldfare is migratory,
while the blackbird is permanently resident.

Migrating birds may be divided into two classes, from
the different seasons of the year in which they arrive or de-
part.. To the first class will belong those birds which ar-
rive in this country in the spring, and depart from it in au-
tumn, and are termed Swummer Birds of Passage. ~The
second will include those which arrive in autumn, and de-
part in spring, and are called Winter Birds of Passage.

Tue SumMmER Birps or Passace are not confined to
any particular order or tribe; nor are they distinguished

* EcrMaRg, when speaking of the migrations of this bird, informs us,
¢« Mares inter primas sunt aviculas, qua sonum suum hieme usitatum in
cantum vertunt jucundissimum : vere primo, sub initium mensis regelationis,
arboribus ad pagos insidentes garruli, feminis adhuc absentibus, ver indicant
adstans. Redeuntibus denique turmis maximis, que ceelum fere abscondunt,

: Jfeminis, omnes conjuges requirunt, quibus conjuntti sylvas petunt, ibi ut
nidulos construant et multiplicentur, Initio mensis defoliationis mares suos,
apud nos remanentes, fiemine: deserunt mutabiles, sole regiones petentes
peregrinas.”. Amen: Acad. iv: 595:
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by similarity of habits. Some of them belong to the divi-
sion of Water Fowls, as the terns and gulls ; while others are
Land Birds, as the swallow and corn-crake. They differ also
remarkably with regard to their food. Thus, the hobby is
carnivorous ; the gulls and terns, piscivorous; the swallow,.
insectivorous; and the turtle dove and the quail, granivo-
rous. They, however, present one point of resemblance.
All of them, during their residence in this country, per-
form the important offices of pairing, incubation, and rear-
ing their young; and hence may, with propriety, be
termed the natives of the country. We hail their arrival
as the harbingers of spring, and feel the blank which they
leave on their departure, although it is in some measure
supplied by another colony of the feathered race, who come
to spend with us the dreary months of winter.

Tur Winter Birps or Passace have more points of
resemblance among themselves than those of the former di-
vision.  They chiefly belong to the tribe of water-fowls.
None of them are inscctivorous, and very few are granivo-
rous. They chiefly frequent the creeks and sheltered bays
of the sea, and the inland lakes, or they obtain their food
in marshy grounds, or at the margins of springs. When
the rigours of the season are over, and when other birds
which are stationary are preparing for incubation, these
take their departure, to be again succeeded by our summer
visitants.

We have stated generally, that our summer and winter
birds of passage visit us at stated seasons of the year; that
the summer visitants arrive in spring and depart in autumn;
and that the winter visitants arrive in autumn and depart in
spring. But the different species do not all observe the
same periods of arrival and departure. Thus, among the
summer birds of passage, the wheat-ear always precedes
the swallow, while the swallow arrives before the martin,
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and the martin before the corncrake. Among the win-
ter birds of passage, similar differences in the time of
arrival are observable. Thus the woodcock precedes the
fieldfare, and the fieldfare the redwing. The periods of
departure have not been observed with such attention,
as the subjects have then lost their novelty, so that we do
not readily perceive their absence. It is probable, how-
ever, that in their departure, as well as their arrival, each
species has its particular period.

- The periods of arrival and departure, even in the same
species, do mnot always take place at exactly the same day,
or even month of the year. In different years these vary
several weeks or even months, and evidently depend on
very obvious circumstances. The meanest rustic, in regard
to the summer birds of passage, is aware, that cold weather
prevents the arrival of these messengers of spring; and
that the early arrival of our winter birds of passage indi-
cates a proportionally early winter. The same circumstan-
ces of temperature which retard our summer visitants also
check the progress of vegetation. Hence, in all probabili-
ty, we might be able to prognosticate the arrival of these
- birds, by attending to the time of the leafing or flowering
of particular trees or plants. As the state of vegetation
depends on the temperature of the season, and the life of
msects on the state of vegetation, we may safely conclude,
that the movements of the phytivorous and insectivorous
birds must be dependent on the condition of plants.

Linnzus bestowed some attention on these connected
circumstances, in his Calendar of Flora for Sweden ; and
STiLLINGFLEET in thatof England. Linnzus observed, that
the swallow returned to Sweden when the bird-cherry came
 into leaf, and when the wood-anemone flowered. He also
found the arrival of the nightingale accompanied with the
leafing of the elm. STILLINGFLEET says, that the swallow re-
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turns to Norfolk with the leafing of the hazel. and the
nightingale with the leafing of the sycamore: It has also
been observed, that the cuckoo sings when the marsh-mari-
gold blows: It would tend greatly to increase our know-
ledge of this subject, were observations of this sort multi-
plied. We earnestly recommend the subject to the atten-
tion of the practical naturalist.

Having thus offered a few observations on the periods
of arrival and departure of migrating birds; let us now
enquire after the places from whence they come, and 10
which they return. In doing this, it will be proper to
bestow some attention on the migrations of those birds
which merely shift from one part of the island to'ano-
ther.  The movements of such birds, though confined
within narrow bounds, are probably regulated by the same
laws, which, in the other species, produce more extensive
migrations, and have the obvious advantage of being easily
investigated.

In the inland districts of Scot]and the lapwmgs make
their appearance about the end of February or the be-
ginning of March, and, after fulfilling the purposes of
incubation, hasten to the sea-shore, there to spend the
winter, and to support themselves by picking up the small
crustacea from among the rejectamenta of the sea. These
birds seldom, ’ rowever, remain all winter on the Scot-
tish shores, though thiey are’ always to be found at
that scason on ' the southerrr English shores. - In that
part of the island they do not perform such extensive
migrations, but may with propriety be considered as re-
sident birds. The curlew arrives at the inland districts
along with the lapwing, and departs in company about
the beginning of August. The curlew, however, remains
on the Scottish shores during the winter. The oyster-

catcher, though it breeds in Scotland, retires to the English
VOE. II. ¢
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shores:during the winter, and joins those which have re-
amained there during the breeding season. The black head-
-ed gull breeds both in England and Scotland ; but it re-
tires from the last mentioned country, while it continues re-
-sident in the former.

From the examples quoted, it appears that some birds,
which are stationary in one district, are migratory in ano-
ther. But that which -chiefly merits our consideration is
“the circumstance of those birds, whose ahnual migrations
are confined to our own shores, forsaking the high grounds
on the decline of ‘summer, and seeking for protection at
a lower level, and in a-warmer situation. When these mi-
grations become more extensive, the bleak moors and shores
of Scotland ‘are exchanged for the warmer and more ge-
mial climate of England. Hence it happens, that some of
our Scottish summer visitants come from England, while
some of the Finglish winter visitants come from Scotland ;
the summer birds of passage coming from the south, and
the winter passengers from the morth. Do those birds
that perform more extensive migrations obey the same laws?

As the summer birds of passage are more interesting
to us, since they perform the great work of inembation
in our country, than the winter birds of passage, which
are the harbingers of storms and cold, and only wait
the return of spring to take their leave of us, we shall
endeavour to find out the winter residence of the for-
mer, before we attempt to discover the summer haunts
of the latter. Natural history, it is true, is still in too
imperfect a state, to enable us to point out with certainty
the retreats of all those birds which visit us during-
summer. But enough appears to be known to enable
us to ascertain the laws by which these migrations are
regulated in a number of birds; and as the points of re-
semblance in the movements of the whole are nume-
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rous, we can reason from analogy-on safer grounds with
regard to the remainder.

The swallow, about whose migrations so many idle
stories have been propagated and believed, departs from
Scotland about the end of September, and from England
about the middle of October. In the latter month M.
ApaNsoN observed them on the shores of- Africa after
their migrations from Europe. He informs us, however,
that they do not build their nests in that country, but only
come to spend the winter. M. PrErone¢ has not only con-
firmed the observations of ApaNsoN, in reference to swal-
lows, but has stated, at the same time, that the yellow and
grey wagtails visit Senegal at the beginning of winter. The
former (Motacilla flava) is well known as one of our sum-
mer visitants *. The nightingale departs from England
about the beginning of October, and from the other parts
of Europe about the same period. During the winter sca-
son it is found in abundance in Lower Egypt, among the
thickest coverts, in different parts of the Delta. These
birds do not breed in that country, and to the inhabitants
are merely winter birds of passage. ‘They arrive in au-
tumn and depart in spring, and at the time of migration
are plentiful in the islands of the Archipelago. The quail
is another of our summer guests, which has been traced to

c?

# « J'aj observé, comme Apaxson, que ¥ios hirondelles et nos ber-
geronnettes arrivofent dans la zone torride huit ou dix jours aprés Pepoque
ol elles quittent nos climats. En 1788, j’ai vu les bergeronnettes du prin-
tems et Tes bergeronnettes grises arriver A Gorée le 14. Septembre. Apan-
sox dit qu'il 2 vu arriver les hirandelles au Senegal 9. Octobre 5 or je me
rapelle qu'elles quittent le department des Hautes Alpes vers Ia fin de Sep-
tembre, ce qui s"accorde parfaitement.”—¢ Memoir sur les lles de Gorée et
du Sencgal, par le cit. Prerone”’, Annales de Chemie, t. xviii. p. 272,
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Africa. A few, indeed, brave the winters of England, and
in Portugal they appear to be stationary. But in general
they leave this country in autumn, and return in spring.
They migrate about the same time from the eastern parts -
of the Continent of Europe, and visit and revisit. in their
migrations the shores of the Mediterranean, Sicily, and the
islands of the Archipelago. ‘

. While these birds perform those extensive migrations
which we have here mentioned, others are contented with
shorter journeys. Thus, the razor-billed auk (Alca torda),
and the puffin (dlca arctica), frequent the coast of Anda-
lusia during the winter scason, and return to usin the .
spring..

These facts, and many others of a similar nature, which
might have been stated, enable us to draw the conclusion,
that our summer birds of passage come to us from south-
ern countries, and, after remaining during the warm. sea-
son, return again to milder regions. A few of our sum-
mer; visitants may winter in Spain or Portugal; but it
appears that in. gencral they migrate to Africa, that unex-
plored country possessing every variety of surface, and con-
sequently great diversity of climate. It is true that we are
unacquainted with the winter retreats of many of our sum-
mer birds of passage, particularly of small birds; but as.
these arrive .and depart under similar circumstances with,
those whose migrations are ascertained, and as the opera-
tions which they perform during their residence with us are
also similar, we have aright to conclude that they are sub-
ject to the same laws, and execute the same movements.
What gives weight to this opinion, is the absence of all

" proof of a summer bird of passage retiring to the north
during the winter scason.

In proof of the accuracy of the preceding conclusion, we
may observe, that it is a fact generally acknowledged, that
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the summer birds of passage visit the southern parts of the
country 2 few days, or even wecks, before they make their
appearance in the northern districts. Thus, the commen
swallow (Hirundo rustica) appears in Sussex about the
beginning of the third week of April; while in the neigh-
bourhood of Edinburgh it is seldom seen before the- first of
May." The cuckoo appears in the same district about the
last week of April; in Edinburgh seldom before the sccond
week of May. The reverse of this holds true-with these
summer visitants at their departure. Thus, dotterels (Cha-
radrius morinellus) forsake the Grampians about the be-
ginning of August, and Scotland by the end of that month;
while they return to England in September, and remain
there even until November. A difference of nearly a. month
takes place between the departure of the goatsucker (Ca-
primulgus Europeeus) from Scotland and from' the south
of England. §

Having thus ascertained the winter haunts of our sum-
mer birds of passage, let us now endeavour to find out the
summer retreat of our winter visitants. . The conclusions
which we have already established dispose us to look for
these birds in countries situated to the noithward. - And as
we are much better acquainted with the ornithology of those
countries than of Africa, it will be in our power to prose-
cute our researches with greater ‘certainty of success.:

The snow-bunting (Emberiza nivalis), which is among
the smallest of our winter guests, retires to the hoary
mountains of Spitzbergen, Greenland, and Lapland, and
there executes the purposes of incubation, making its nest
in the fissures of the rocks.  In these countries it is there-
fore a summer visitant, as it retires southward in autumn,
to spend the winter in more temperate regions.  To the
sca-coasts of the same countrics, the little auk (dlca alle),
and the black-billed auk (dica pica); xepair for similar
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purposes as the snow-flake. The woodeock winters with
us, but retires in the spring to Sweden, Norway, and Lap-
land *, ,

The fieldfare and the redwing resemble the woodcock in
their migrations, depart at the same season, and retire for
similar purposes to the same countries +.

These instances may suffice to support the conclusion,
that all our winter birds of passage come from northern
countries, and that the winter visitants of the souith of Eu-
rope become the summer visitants of its northern regions.
This is evidently an arrangement depending on the same
Jaw by which the African winter visitants become the sum-
mer birds of passage in Europe.

In support of this conclusion it wmay be mentioned,
that, in their progress southward, the winter visitants ap-
pear first in the northern ‘and eastern parts of the island,
and gradually proceed to the southward and westward.
Thus the snow-bunting arrives in the Orkney islands about
the ‘end of August, and often proves destructive to the
corn fields. It then passes into the mainland of Scotland,
and is seldom seen in the Lothians, even in the high
grounds, before November, In like manner, the woodcock,
which crosses the German QOcean, is first observed on the
eastern side of the island, and then by degrees disperses
towards the west and south.

* Ecxuapk says of this bird, asa Swedish summer bird of passage,
¢ Pullis in sylvis nostris éxclusis, mare transmigrans, in Angliam avolat ;
ut ex Austria in Italiam. Vere autem novo, dum blatire incipit Tetrao te-
trix, illinc descedunt, matrimonio junctee ad nos revertentes.” — Amenitates
Academice, iv. 591.

+ Mr Butiock, however, has informed me, that he found the redwing
breeding in the Island of Harris, one of the Hebrides, in 1818. It probably
frequents other islands, but hasshitherto heen confounded with the thrush,
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That these periodical movements. take place, i order to
guard.against the vicissitudes of the seasons; must appear
ohvious. to:all, from- the consideration of the facts which
have been stated. An: early winter brings the migrating
birds from the north to this country before. their usual time,
and an early spring hastens the. arrival of our summer
visitants, In the beginning of winter the snow-bunting is
found. only in the high grounds, and it descends to-a lower
level with the increasing severity of the season *. o

During the autumn, we thus observe a latitudinal move-
ment: of many: species of birds towards the equator, in
search of the temperature congenial to: their constitutions,
and: which the winter of the district of their summer resi-
dence could not afford. The autumnal shifting of the fea-
thered: tribes, may. therefore, with: propriety, be termed the
Equatorial Migration; all those species in: which: it: is ob+
served, returning from the: pole towards the: equator;. each
according to limits peculiar: to itself.

The vernal shifting takes. place with: the inereasing: tem-
perature of the high latitudes, and may: be termed the: Polar
Migration, as all the species in which it is observed recede
from the equator and approach: towards. the pole.

® Attempts have been made to preserve these birds during the summer sea-
son in this country, but, although liberally supplied with food, they haye
not survived. The experiment has succeeded, however, in America, with
General Davies, wha informs us, (Linn. Trans. vol. iv. p..157.) that the
snow-bird of that country. always expires in a few days, (after being caught,
although it feeds perfectly well), if exposed to the heat of a room with a fire
or stove; but being nourished with snow, and kept in a cold room or pass~
age, will live to the middlc of summer: a temperature much lower than our
summer heat proving destruetive to these birds. The swallow, on the other
hand, seems to delight in the temperaturc of our sumnmer, and at that heat
to be able to perform the higher operations of nature. Wlhen attempted to
be kept during our, winter, besides a regular supply of, food, care must be
taken to prevent it from being benumbed with cold.
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The extent of degrees of latitude traversed in these migra-
‘tions, differs, as we have seen, according to the species, and
even in the same species in different parallels of longitude.
Thus, the nightingale, in its polar migrations, does not reach
the 55° of north latitude in Britain, while in Sweden it reaches
to the 60°. Anomalies of this kind cease to excite our sur-
prise, when it is considered, that the isothermal lines (or the
latitudinal lines under which thé mean annual temperature is
the same), are not parallel with the sun’s course, or do not
observe a regular increase or diminution with the difference
of latitude. - Even the isotherial lines, (under which the
mean heat of summer is the same), and the isotheimal lines,
(underwhich the mean heat of winter is the same), are neither
parallel to one another, nor to the isothermal lines. - These
differences, which Humsowrpr has investigated with so much
success, exercise a powerful influence on the distribution of
plants and animals, and regulate the limits of those periodi-
cal migrations we have now been considering.

The preceding remarks relate to the equatorial and north
polar migrations. Movements depending on the same cir-
cumstances, in all probability, take place on the other side
of the ezluator towards the south pole. ~The Cape swallow
(Hirundo Capensis), according to the observations of Cap-
tain CARMICHAEL, arrives at the southern extremity of
Afnca in the month of September, the commencement ¢ of
the summer of that district, and departs again in March or
April, on the approach of winter *. - Reasoning from the
analogies of the north polar migrations, we may conclude,
that this species of swallow resides the remaining part of
the year near the equator, and that its south polar migra~
tions extend to the Cape of Good Hope.

* Edinburgh Phil. Journ. vol. 1. p. 421.
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Tt appears from these movements of birds, that, in the
cold season, the polar regions are deserted by some specics,
and that there is an accumulation of life towards the equa-
tor. At another scason, the equatorial regions are, in some

“measure, deserted by their temporary inhabitants, and the
polar districts become peopled by the change.

Having now ascertained the period and the direction of
these migrations, let us next attend to the act of migration
itself, and the circumstances attending the flight.

Migrating birds, before they take their departure, in
general collect together in flocks. This is very obviously
the case with the swallow, and is even still better known
with woodcocks, terns, puffins, and shearwaters. Woodcocks
arrive in this country in great flocks about the same time ;
and should adverse winds occurat the period of their de-
parture, they accumulate in such numbers on' the castern
shores, as to furnish' the fowler with excellent sport. Gecse
too, dotterels, and many others, during their migratory
flights, always keep in company.

But there are many migrating birds which have never
been observed to congregate prevmus to their departure.
Thus the cilckoo, seldom seen in company with his mate
even during the breeding season, is, to all appearance,
equally sohtary at the penod of mlgratlon These birds
are supposed by naturalists to go off in succession.

It is certainly a very curious, and perhaps unexpected
occurrence, that the males of many species of migrating
birds appear to perform their migrations a few days before
the females. - This is remarkably the case with the nightin-
gale.  The bird-catchers in the neighbourhood of London,
procure males only on' the first arrival of this bird. The
females do not make their appearance for a week or ten
days after. Similar observations have been made with re.
spect to the wheat-ear.
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Those birds which feed during the night may be expect-
ed to perform their migrations during the same interval, it
being the season of their aetivity; while those- birds which
feed during the day, may be expected to migrate with the
help of light. The migrations of the woodcock and quail
confirm this conjecture. The woodcocks arrive in: this
country during the night, and hence- they are sometimes
found in the morning after their arrival, in a neighbouring
ditch, in too weak a. state to- enable them to proceed.
Poachers are aware that they migrate during the night,
and sometimes kindle fires on the coast, to which the wood-
eocks, attracted by the light, bend their course, and in this
manner great numbers are annually: destroyed.. Quails, on
the other hand, perform their migrations during the day,
so that the sportsman in the islands of the Mediterranean
can use his dog and gun.

It has often excited. surprise in the- minds of some, how
migrating birds could support. themselves so long on wing,
as to accomplish their journeys, and at the same time live
without food during their voyage. These circumstances
have induced many to deny the existence of migration, and
have excited othersto form the most extravagant theories on
the subject, to account for the preservation of these birds
during the winter months. But the difficulties; which have
been stated, are only in appearance, and vanish. altogether
if we attend to the rapidity of the flight of birds.

The rapidity with which a hawk and many other: birds
occasionally fly, is probably net less than at the rate of 150
miles in an hour. Major CARTWRIGHT, on the coast.of La-
brador, found, by repeated observations, that the flight of
an eider duck (Anas molissima) was at the rate of 90
miles an hour. Sir GEorer CAYLEY computes the. rate
of flight, even of thc common crow, at nearly 25 miles an
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hour; and Sparraxzani found that of the swallow com-
pleted about 92 miles, while he conjectures that the rapidi-
ty of the swift is nearly three times greater. A falcon
which belonged to Hexny the Fourth of France, escaped
from Fountainbleau, and in twenty-four hours afterwards
was found at Malta, a distance computed to be no less than
1850 miles; a velocity nearly equal to 57 miles an hour,
supposing the falcon to have been on wing the whole time.
But as such birds never fly by night, and allowing the day
to be at the longest, his flight was perhaps equal to 75 miles
an hour. Itis probable, however, says MoNTacU, that
he neither had so many hours of light in the twenty-four,
to perform his journey, nor that he was retaken the mo-
ment of his arrival. But if we even restrict the migratory
flight of birds to the rate of 50 miles an hour, how easily
can they perform their most extensive migrations! And
we know, in the case of woodcocks, and perhaps all other
“migrating birds, that they in general take advantage of a
fair wind with which to perform their flights. This breeze
perhaps aids them at the rate of 30 or 40 miles an hour;
nay, with three times greater rapidity, even in a moderate
breeze, if we are to give credit to the statement of aérial
navigators, who seem to consider the rate of the motion of
winds as in general stated too low.

It has been already observed, that many species do not
perform their migrations at once, but reach the end of their
Jjourney by short and easy stages. There is little exertion
required from such; while those who execute their move-
ments at one flight, (if there be any that do so), may in a
very short time, perhaps a day, by the help of a favourable
breeze, reach the utmost limits of their journey. Many
birds, we know, can subsist a long time without food ; but
there appears to be no necessity for supposing any such ab-
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stinence, since; as CATEsBY remarked, every day affords -
-an increasc of warmth, and ‘a supply of food. Hence we
meed not perplex ourselves in accounting for the continu-
iance of their flight, or their sustenance in the course of it.
:Such journeys would be long indeed for any quadruped,

while they are soon performed by the feathered tribes. -

It 18 often stated as a matter of surprise, how these birds
know the precise time of the year at which to execute their
movements, or the direction in which to migrate. But this
-is merely expressing a surprise, that a kind and watchful
Providence should bestow on the feathered creation powers
aud. instincts- suited to their wants, and calculated to sup-
ply them.. How, we ask, does the curlew, when perched
upon a neighbouring muir during the flowing of the tide,
know to return at the first of the ebb, to pick up the acci-
dental bounty of the waves ? How are the sea-fowl, in hazy
weather, guided to the sea-girt isles they. inhabit, with food
to their young, which they have procured at the -distance
of many miles? ¢ The inhabitants of St Kilda,” says Maz-
“TIN, “ take their measures from the flight of these fowls,
-when the heavens are not clear, as from a sure compass;
experience shewing, that every tribe of fowls bend their
course to their respective quarters, though out of sight of
the isle. 'This appeared clearly in our gradual advances;
and ‘their motion bejng compared, did exactly quadrate
with our compass.”

In the courseof these annual migrations, birds are some-
times overtaken by storms of contrary wind, and carried
far from their usual course. In such cases, they stray to
unknown countries, or sometimes are found at sea in a very
exhausted state, clinging to the rigging of ships. - Such ac-
cidents, however, seldom happen, as these birds, year after
year, arrive in the same country, and even return to the
same spot. 'The summer birds of passage return not, it is
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true, in such numbers as when they left us; but, amidst all
the dangers of their voyage, the race is preserved.

We thus see, that aninals possess various resources, to
enable them to accommodate themselves to the variations of
temperature corresponding with the seasons. But these
appear in some species to be inadequate for their protection,
and another is provided for their safety.

4. Torpidity.~~THis is one of the most curious sub-
jects in zoology, and has long occupied the attention
of the natural historian and the physiologist. All ani-
mals we know require stated intervals of repose to
recruit exhausted nature, and prepare for farther cxer-
tion,—a condition which is termed Slecp. But ‘there
are a few animals, which, besides this daily repose, ap-
pear to require annually some months of continued in-
activity, to enable them to undergo the common fatigues
of life during the remaining part of the year. These ani-
mals exhibit, therefore, two kinds of sleep,~—that which
they enjoy daily during the scason of their activity, and
that which they experience during their brumal retirement.
This last kind of slecp is generally denominated forpidity,
and is also known by the term Aybernation, as it is evi-
dently designed to afford protection against the cold of
winter. A Jugnae

As the phenomena which torpid animals exhibit are some-
what different, according to the classes to which they be-
long, it will be more convenient for us to treat of the ani-
mals of each class separately, beginning with Quapru-
PEDS. : -

The quadrupeds which are known to become torpid,
belong exclusively to the unguiculated division. Some spe-
cies arc found among the fire, as the different kinds of
bats; the hedgchog and the tanric; while among the glires
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the torpid species are numerous, and their habits have been
studied with the greatest attention, as the marmot, the ham-~
ster, and the dermouse, : !

The food of these animals is very different, according
to the orders or genera to which they belong, The bats
support themselves by catching insects, and those chiefly of
the lepidopterous kinds ; the hedgehog lives on worms and
snails; while others, as the marmot and hamster, feed on
roots, seeds, and herbs. . They are nearly all nocturnal,
or crepuscular feeders. ‘

It is usually supposed that torpid animals are confined
to the cold regions of the earth. That they abound in such
regions must be admitted ; but their range of latitude does
not appear to be so limited as to prevent their occurrence,
in warm countries. Thus the Dipus sagitta, is equally
torpid during the winter months in Egypt as in Siberia.
In the former country it is more easily revived by a very
slight increase of temperature, its lethargy not being so pra-
found. The tanric (Centenes caudatus), which is an inha-
bitant of India and Madagascar, becomes torpid even in
those countries, and continues so during nearly six months
of the year.

The precise period of the year in which these animals
retire to their winter quarters and become torpid, has net
been ascertained with any degree of precision. The jump-
ing mouse of Canada (Gerbillus Canadensis) is said to en-
ter its torpxd state in September, and to be again restored
to activity in the month of May. The torpid animals of
this country usually retire in October, and reappear in
April. It appears probable, however, that the different
species do not all retire at the same time, but, like the mi-
grating birds, perform their movements at separate periods.
1t is also probable, that the time of retirement of each spe-
cies varies according to the mildness or severity of the sea-
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son. In general, however, they retire from active life when
their food has become difficult to obtain, when the insects
have fled to their hiding places, and the cold has frozen n
the ground the roots and the seeds on which they subsist.
At the period of ‘their reviviscence, the insects are again
sporting i the air, and the powers of vegetable life are ex-
erted in the various processes of germination and vegeta-
tion.

Previous to their .entrance into this state of lethargy,
these animals select a proper place, in gencral assume a
particular position, and even in some cases provide a small
stock of food.

All the torpid animals retire to a place of safety, where,
at a distance from their enemies, and protected as much as -
possible from the vicissitudes of temperature, they may slecp
out, undisturbed, the destined period of their slumbers.
The bat retires to the roof of gloomy caves, or to the old
chimneys of uninhabited castles. The hedgehog wraps it-
self up in those leaves of which it composes its nest, and re-
mains at the bottom of the hedge, or under the covert of
the furze, which screened it, during summer, from the
scorching sun or the passing storm. The marmot and the
hamster retire to their subterranean retreats, and when they
feel the first approach of the torpid state, shut the passages
to their habitations in such a manner, that it is more ecasy
to dig up the earth any where else, than in such parts
which they have thus fortified. The jumping mouse of
Canada seems to prepare itself for its winter torpidity in a
very curious manner, according to the communications of
Major-General DaviEs, on the authority of a labourer. A
specimen which was found in digging the foundation for a
summer-house in a gentleman’s garden about two miles
from Quebec, in. the latter end of May 1787, was “en-
closed in a ball of clay, about the size of a cricket ball,
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nearly an inch in thickness, pérfectly smooth within, and
about twenty inches under ground. The man who first
discovered it, not knowing what it was, struck the ball
with his spade, by which means it was broken to picces, or
the ball also would have been presented to me *.”

Much stress has been laid upon the position which these
animals assume; previous to their becoming torpid, on: the
supposition that it contributes materially to produce the le-
thargy. In describing this position, Mr CariisLe ob-
serves, “ that this tribe of quadrupeds have the habit of
rolling up their bodies into the form of a ball during ordi-
nary sleep, and they invariably assume the same attitude
when in the torpid state: the lHmbs are all folded into the
hollow made by the bending of the body ; the clavicles, or
first ribs, and the sternum are pressed ageinst the fore part
of the neck, so as to interrupt the flow of blood which sup-
plies the head, and to compress the trachea : the abdominal
viscera and the hinder limbs are pushed against the dia-
phragm, so as to interrupt its motions, and to impede the
flow of blood, through the large vessels which penetrate it,.
and the longitudinal extension of the cavity of the thorax:
is entirely obstructed. Thus a confined circulation is car~
ried on through the heart, probably adapted to the last
weak actions of life, and to its gradual recommencement +.”
But as none of these effects are supposed to be produced by
the same position during ordinary sleep, their existence can-
not be admitted in the case of torpidity. Professor MaNeciLr
of Pavia }, with greater simplicity of language, says, that the
marmot rolls itself up like a ball, having the nose applied con~
trary to the anus, with the teeth and eyesclosed. He alsoin-

* Linn. Trans., vol. iv. p. 156. + Phil, Trans. 1795, p, 17+
« 3 Annales du Muscum, tom, ix.
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forms us, that the hedgehog, when in a torpid state, in ge-
neral reposes on the right side. The bat, however, during
the period of its slumbers, prefers a very different posture.
It suspends itself from the ceiling of the cave to which it
retires, by means of its claws, and in this attitude outlives
the winter. This is the natural position of the bat when
at rest, or asleep. In short, little more can be said of the
positions of all these torpid animals, than their correspond-
ence with those which they assume during the periods of
their ordinary repose. ‘

It is also observable, that those animals which are of so-
litary habits during the summer season, as the hedgehog
and dormouse, are also solitary during the period of their
winter torpidity ; while the congregating social animals, as
the marmot, the hamster, and the bat, spend the period of
their torpidity, as well as the ordinairy terms of repose,
collected together in families or groups.

It is generally observed, that animals, previous to their
torpidity, have their bodies charged with fat. In the
marmot and some others, there are two peritoneal processes,
which may be considered as lateral omenta, and which, as
well as the great omentum, are filled with fat*., In the
dormouse, however, and others, these lateral processes do
not exist, the fat being more generally distributed. This
store of mourishment enables the animals to support that
gradual waste which takes place during the period of their
slumbers. By some it has even been regarded as the cause
of their lethargy. Sparraxzaxi, however, found, among
the dormice procured for his experiments, a considerable
difference among the individuals in regard to fatness, yet
all were equally disposed to become torpid on the applica-
tion of cold.

* Cuvier, Legons d’An. Com. iv. 91,

VoL, II. D
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Many of those animals, particularly such as belong to the
great natural family of gnawers, make provision in their
retreats, during the Hirvest months. The marmot, it is:
true, lays up no stock of food; but the hamsters fill their
storehouses with-all sort of grain, on which they are sup-
posed to feed, until the cold beesmes sufficiently intense to
induce torpidity. - The Gricetus glis, or migratory hamster-
of PALras, also lays up @ stock of provision. And it is pro-
bable that this animal partakes of its storé of food, not only
previous to torpidity, but also during the short intervals of
reviviscence, which it énjoys during the season of lethargy..
The same remark is equally applicable to the dormouse.

Having thus made choice of situations where they are
protected from sudden alterations of temperature, and ha-
ving assumed a position similar to that of their ordinary
repose, these hybernating animals fall inte that state of in-
sensibility to external objects, which we are now to examine
more winutely. In this torpid state they suffef a diminu-
tion of temperature ; their respiration and circulation be-
¢ome languid ; their irritability decreases in energy ; and
they suffer a loss of weight. ILet u$ now attend each of
these changes separately.

1. Diminished temperature.~Wlicn we take in our hand
any of thesec hybernating torpid animals, which we are
now considering, they feel cold to the touch, at the same
time that they are stiff, so that we are apt to conclude, with-
out farther examination, that they are dead. Thisreduction
of temperature is not the saie in all torpid quadrupeds.
It varies according to the species. HUNTER informs us *,
on the authority of JENNER, that the témperature of a
hedgehog, in the cavity of the abdomen towards the pelvis,
was 95° and at the diaphragm was 97° of Fahrenheit, in

* ¢« Observatiens on'eertain parts of the Animal Economy,” p. 99.
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summer, when the thermometer in the shade stood at 78
Professor Maxec1LI states the ordinary heat of the hedge-
hog a little lower, at 27° of Reaumur, or about 93° of Fah-
renheit. In winter, according to JENNER, the tempera-
ture of the air being 44° and the animal torpid, the heatin
the pelvis was 45° and at the diaphragm 48}°. When the
temperature of the atmosphere was at 26°, the heat of the
animal in the cavity of the abdomen, where ‘an incision was
made, was reduced so low as 30°. The same animal, when
exposed to the cold atmosphere of 26° for two days, had ‘its
heat at the rectum clevated to 93°, the wound in the abdo-
men being so much diminished in size as not to admit the
thermometer. At this time, however, it was lively and ac-
tive, and the bed in which it lay felt warm. As this ani-
mal allowed its heat to descend to 80°, when in its natural
state of torpidity, and when there was no necessity for ac-
tion, the increased temperature may in part be ascribed to
the wound, which called forth the powers of the animal to -
repair an injury, which reparation could not be effected at
a temperature below the standard heat of the animal. The
sources of error in making experiments where the living
principle is concerned, are so numerous, that attention
ought to be bestowed on every c1rcumsta.nce likely to influ-
" ence the result.

The zizil (Arctomys citillus ), according to Paryras, usu-
ally possesses a summer temperature of 103° Fahr. but du-
ring winter, and when torpid, the mercury rises only to 80°
or 84°. The temperature of the dormouse during sum-
mer, and in its active and healthy state, is 101°.  When
rolled up and torpid, during winter, the thermometer indi-
cates 43°, 3%°, and even 85° on the external parts of the
body. When introduced into the stomach, the tempera-
ture was found to be 67, and sometimes 73°. MaNcILI
found this animal torpid even when the temperature of the

D2
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air was 66°. Hence he considers it as the most lethargic of
animals. \

The marmot (Arctomys marmota) possesses a summer
temperature of 101° or 102°, which is gradually reduced in
the torpid season to 48° and even lower.

Bats have a temperature in summer nearly equal to that
of marmots. They are soon affected by the changes of
the atmosphere, and they cease to respire in a medium of
48°. In the month of July, the thermometer standing at
80°, the internal temperature of a bat was 101°, which is
just the degree of heat in a group of them collected toge-
ther in summer, and may thetefore be considered as the
natural standard. Mr Cornisu applied a thermometer to
a torpid bat, and found that it indicated 36°. When
awakened so much that it could fly a little, he again appli-
ed the thermometer, and it indicated 38°. SPALLANZANT
found a bat, after being exposed during an hour to a tem-
perature of 43°, to indicate 47°, the bulb of the thermometer
being placed in the chest; when exposed to a temperature
below the freezing point, the heat of the animal became the
same as the surrounding medium, yet it always remained
internally higher than the low temperature produced arti-
ficially, though the skin did not indicate any difference.

The wood-mouse (Mus sylvaticus) became torpid, ac-
cording to SparLLaNzaNi, when the thermometer in its
cage stood at 43°. 'The temperature of the belly external-
ly was 45° but its internal temperature was not much di-
minished, even by a degree of cold sufficient to induce
torpidity.

In these experiments we observe, that the temperature
of hybernating quadrupeds is greatly reduced below the
summer standard, or the ordinary temperature of ‘the
ammal in health and activity. Still, however, they conti-
nue to maintain a superiority in point of temperature above
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the surrounding medium, in whatever circumstances they
are placed. Even in this torpid state, the energies of life,
though feeble, are still sufficient to the production of a cer-
tain quantity of heat.

2. Diminished Respiration.—In this, as in all the other
departments of this curious subject, accurate and varied
experiments are still wanting. The following are the prin-
cipal facts which we have been able to collect.

The hedgehog, according to Professor Maxcirt, who
has bestowed more attention on this part of the subject
than any of his predecessors, respires only from five to seven
times in a minute during ordinary reposc. When it be-
comes torpid, the process of respiration is periodically sus-
pended and renewed. Thus a hedgehog, procured after it
had revived naturally from its winter lethargy in April, was
placed in a chamber the temperature of which was about 54°.
It refused vegetable food, and became torpid, and continued
in that state to the 10th of May. At first, after every
fifteen minutes of absolute repose, it gave from thirty to
thirty-five consecutive signs of languid respiration. 1Inthe
beginning of May, when the thermometer was about 627,
it gave from seven to ten consecutive respirations, after an
interval of ten minutes of absolute repose. Upon lowering
the temperature, the intervals of repose became greater,
while the number of respirations increased to eighteen or
twenty.

Marmots, according to the same author, when in health
and activity, perform about five hundred respirations in an
hour, but when in a torpid state, the number is reduced to
fourteen, and these at intervals of four minutes, or four
minutes and a half, of absolute repose.

Bats, when kept in a chamber from 45° to 50°, were ob-
served at the end of every two, three, or four minutes of
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absolute repose, to give four signs of respiration. SPAL-
LANZANI, Dot aware of these periodical intervals of repose,
could not discover any signs of respiration. Indeed, when
their temperature is reduced to about 47°, this function does
not appear to be exercised.

The dormouse, when in a torpld state on the 27th De-
cember, exhibited a languid respiration of one hundred and
forty times in forty-two minutes. ~ On the tenth of J; anuary,
the thermometer being at 43°, it respired at mtervals in
the following manner, according to. MANGILI.

Intervals of repose. Number of consecutive respirations.
s AR S g 16
Simip Moo 6967 koo 6. .. 30
il & ot ety et 29
;T A A P 29
b LA OO R R PR 5
AN B S M R 10
2 e o gk sollor Gt 50 6
e O IR o, i ki o 18
ety e neie hialln i iy e 28
- b s e oo ol

- In some instances, the intervals of repose or suspended
respiration lasted sixteen minutes.

Maneivr also found  the fat dormouse (Myoxus glis),
when in a torpid state on the 27th December, and when
the thermometer indicated 40°, to respire at intervals. Af-
ter every four minutes of repose, it respired from twenty-
two to twenty-four times every minute and a half. The
thermometer -being raised one degree of Reaumur, the in-
tervals became only three minutes.. ‘The temperature being
reduced to 37°, the intervals of repose became four minutes,
and the consecutive respirations twenty to twenty-six. . The
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«cold increasing, it awoke and ate a little, and then relapsed
into torpidity. On the 10th of February the mtervals of
repose were eighteen or twenty minutes, and then thirteen
to fifteen respirations. On the 21st February, the tlrermo-
meter being 48°, the intervals of repose were from twenty-
eight to thirty, and the consecutive respirations from five
‘o seven. ; ]

From the observatiens already made on .this important
subject, it appears, that respiration is not only diminished,
but even in some cases totally suspended. - During. the se-
vere winter of 1795, SpaLLanzaxi .exposed. dormice to a
temperature below the freezing point, and enclosed them
in vessels filled with carbopic acid and azotic gas over mer-
cury, three hours and a half, without injuring them, and
the sides of the vessels were not marked by any vapour.
Hence we niay conclude that they did pot.breathe, nor
‘consume -any oxXygen gas. 1

Mavweivnt placed a, marmot under a bell-glass, immersed
in lime water, at 9 o'clock in the evening. At nine next
morning the water had only 1",i§gen in the glass three lines.
Part of the oxygen was abstracted, and a portion of carbo-
nic acid was formed, as a thin pellicle appeared on the sur-
face of the lime-water, which effervesced with nitric acid.
Seavnanzant placed torpid marmots in vessels filled with
carbonic acid and hydrogen, -and cenfined them there for
four hours, without doing them the least injury, f the tem-
perature of  the atmosphere, being several glegg“ees., below
the freezing point. But he found, that if these animals
were awakened by any means, or if the temperature was
not low enough to produce complete. torpor, they very
soon perisked in the same noxious gases. A bird and rat,
introduced into a reservoir containing carbonic acid gas,
did not live a minute; whereas a torpid marmot remained
in it an hour, without betraying the least desire-to move,
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and recovered perfectly on being placed in a warmer me-
dium.

In the exhausted receiver of an air-pump, a torpid bat
lived seven minutes, in which another bat ‘died at the end
of three minutes. Torpid bats, when confined in a vessel
containing atmospheric ‘air, consumed six hundredths of
the oxygen, and produced five hundred parts of carbonic
acid.  Viewing this in connection with his other experi-
ments, this philosopher concluded, that the consumption of
the oxygen, and the evolution of the carbonic acid, pro-
ceeded from the skin.

The respiration of torpid quadrupeds is thus greatly di-
minished, and even in some cases suspended ; and in gene-
ral, instead of being performed with regularity as in ordi-
nary sleep, the respirations take place at intervals, more or
less remote, according to the condition of the lethargy.

3. Diminished Circulation.—From the experiments al-
ready detailed, with regard to the reduction of ' the tempe-
rature and the respiration of torpid quadrupeds, we are
prepared to expect a corresponding diminution of action in
the heart and arteries.

In the hamster the circulation of the blood during its
torpid state is so low, according to Burron, that the
pulsations of the heart do not exceed fifteen in a minute. °
In its active and healthy state, they amount to 150 in the
same space.

It is stated by Barriveron in his Miscellanies, that
Mr Corvisn applied a thermometer to the body of a
torpid bat, and found that it indicated 86°% = At this tem-
perature the heart gave sixty pulsations in a minute. When
awakened so much as to be able to fly a little, he again ap-
phed the thermometer, which now indicated 38°, and the
heart beat one hundred times in a minute. As the torpor
becomes profound, the action of the heart is so feeble, that
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only fourteen beats have been distinctly counted, and those
at unequal intervals.

Dormice, when awake and jumping about, breathe so
rapidly, that it is almost impossible to count their pulse ;
but as soon as they begin to grow torpid, eighty-eight pul-
sations may be counted in a minute, thirty-one when they
are half torpid, and only twenty, nineteen, and even six-
teen, when their torpor is not so great as to render the ac-
tion of the heart imperceptible.

SparrLaxzaxt and others are of opinion, that the circu-
lation of the blood is entirely stopped in the remote
branches of the arteries and veins, and only proceeds in
the trunks of the larger vessels, and near the heart.  But
it is probable, that however languid the circulation may be;
it is still carried on, as the blood continues fluid. . He found,
that if the blood of marmots be subjected, out of the
body, to a temperature even higher than that to which it
is exposed in the lungs of these animals, it is instantly fro-
zen; but it is never congealed in their dormant state.

4. Diminished Irritability.—The irritability of torpid
animals, or their susceptibility of being excited to action,
is extremely feeble, and in many cases is nearly suspended.
Destined to remain for a stated period in this lethargic
state, a continuance of their power of irritability would be
accompanied with the most pernicious consequences ; as
thereby they would be often raised prematurely into ac-
tion, under a temperature which they could not sup-
port, and at a time when a seasonable supply of food
eould not be obtained. In their torpid state, therefore,
they are not readily acted upon by those stimuli, which
easily excite them to action, during the period of their
activity.  Parts of their limbs may be cut off, with-
out the animal shewing any signs of feeling. = Little ac-
tion is excited even when their vital parts are laid open.
When the hamster is dissected in this torpid state, the in-
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testines discover not ‘the smallest sign of irritability upon
the application of alcohol or sulphuric acid. During the,
operation, the animal sometimes opens its mouth, as if it
wanted to respire, but the lethargy is too powerful to ad-
mit of its reviviscence.

Marmots -are not roused from their torpid state by an.
electric spark, strong enough to give a smart sensation to
the hand, and a shock from a Leyden phial only excites
them for a short time. They are insensible to pricking
their feet and nose, and remain motionless and apparently
dead. ' Bats are also equally insensible to the application
of stimuli.

The most curious experiments on this subject are those
of ManciL1. Having killed 2 marmot 1n a torpid state,
he found the stomach empty and collapsed, the intestines
likewise empty, but there was a little, facal matter in the
ccecum and rectum.' The blood flowed quickly from the
heart, and in two hours yielded a great quantity of serum.
The veins in the brain were very full of blood. The heart
continued to beat during three hours after. The head
and neck having been separated from the trunk, and placed
in spirits of wine; gave signs of motion even after half an
hour had elapsed. - Some portions of the voluntary muscles
gave symptoms of irritability with galvanism four hewrs af-
ter- death. - -In.a marmot killed in full health, the heart
had ceased to beat at the-end of fifty minutes. ~'The flesh
lost all signs-of irritability in -two hours ; the intercostal
and abdominal muscles -retaining it-longer than those of
any other part of the body. ‘

5., Diminished Action . of the Digestive Organs.—The
digestive functions in torpid animals are exceedingly fecble,
and in general cease altogether. . The, situation, and still
more the lethargic state of the system, render this process
unnecessary. - The intestines are in general empty, and in
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a collapsed state, and the secretions so small, that a supply
of nourishment from the stomach is not requisite. Mr
JeNNER found a hedgehog, when the heat of the stomach
was at 80° to have no desire for food, nor power of digest-
ing it. But when the temperature was increased to-94°,
by inflammation in the abdomen, the animal seized a toad
which was in the room, and, upon being offecred some
bread and milk, immediately began to eat. The heat ex-
cited the action of the various functions of the animal, and
the parts unable to carry on these actions, without nourish-
ment, urged the stomach to digest.

While many torpid quadrupeds retire to holes in the
earth unprovided with food, and in all probability need no
sustenance during their lethargic state, there are others, as
we have already mentioned, which provide a small stock of
provisions. These, we are inclined to believe, eat a little
during those temporary fits of reviviscence to which:they
are subject. This is in part confirmed by the experi-
ments of MaxeciLI, both on the common and fat dormouse.
Whenever these awoke from their torpid slumbers, they
always ate a little. Indeed, he is of opinion, that fasting
long, produces a reviviscence, and that, upon the cravings
of appetite being satisfied, they again become torpid.

6. Diminished Weight.—All the experiments_hitherto
made on this subject, indicate a loss of weight sustained by
these animals, from the time they enter their torpid state,
until the period of their reviviscence. . MaNciL1 procured
two marmots from the Alps, on the 1st of December 1813.
The largest weighed 25 Milanese ounces, the smallest only
22 3.ths ounces.  On the 3d of January, the largest had
lost 18ths of an ounce, and the smallest } 7ths and a half.
On the fifth of February, the largest was now only 223}th
ounces, the smallest 21 ounces. He adds, that they lose
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weight in proportion to the number of times in which they
revive during the term of their lethargy.

Dr Moxro kept a hedgehog from the month of Novem-
ber (1764) to the month of March (1765), which lest in
the interval a considerablé portion of its weight. On the
25th of December, it weighed 13 ounces and 3 drams,
on the 6th of February, 11 ounces and 7 drams, and on
the 8th of March, 11 ounces and 8 drams. He observed a
small quantity of feculent matter and urine among the hay,
although it neither ate nor drank during that period. In
this experiment there was a daily los$ of 13 grains. Ac-
cording to Mr CorNisH, both bats and dormice lose from
five to seven grains in weight during a fortnight's hyber-
nation.

Dr ReEvEs endeavoured to account for the lean state of
the marmot- when found in the spring, as occasioned by
another cause than the slow but uniform exertions of the
vital principle. ¢ I have (he says) been repeatedly assur-
ed, by men who hunt for these animals in winter, that they
are always found fat in their holes on the mountains of
Switzerland, and it is only when' they come out of their
hiding places before provisions are ready for them, or if a
sharp frost should occur after some warm weather, that
they become emaciated and weak *.”  This testimony may
be received as explaining the emaciated appearance of some
marmots, but does not in the smallest degree invalidate the
general conclusion, that all torpid animals sustain a loss of
weight during the continuance of their lethargy.

From the experiments which we have already quoted, it
must appear obvious, that respiration is in general carried

*® « Essay on the Torpidity of Animals,” by Hexry Rezve, M. D, 1809,
p- 28,
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on, although sometimes in a very fecble manner.  Carbon,
consequently, must be evolved. Accordingly, we find car-
bonic acid produced in those vessels in which these torpid
animals have been confined ; and hence must conclude,
that a loss of weight has taken place.

Such being the preparatory and accompanying pheno-
mena of this torpid state, let us now endeavour to discover
the cause of these singular appearances.

In a subject of this kind, so intimately connected with
the pursuits of the naturalist and the physiologist, it was to
be expected that numerous hypotheses would be proposed,
to explain such interesting phenomena. Unfortunately, in-
deed, many hypotheses have been proposed, while few,
from a connected view of the subject, have ventured to
theorise. Perhaps we are not prepared to draw a suffi-
cient number of general conclusions, from the scanty facts
which we possess, in order to build any theory. But the
following observations may be considered as embracing the
principal opinions which have been formed on the subject,
and announcing the more obvious causes in operation.

In an investigation of this sort, it was natural to attempt
to trace this singularity of habit in torpid animals to some
peculiar conformation in the structure of the organs. Ac-
cordingly, we find many anatomists assigning a peculiarity
of organization, as a reason why these animals become tor-
pid, or, at least, pointing out a structure in torpid animals
difterent from that which is observable in animals that are
not subject to this brumal lethargy.

Patvras observed the thymous gland unusually large in
torpid quadrupeds, and also perceived two glandular bodies
under the throat and upper part of the thorax, which ap-
pear particularly florid and vascular during their torpidity.

Maxert is of opinion, that the veins are larger in size,
in proportion to the arteries in those animals which become
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torpid, than in others. He supposes, that, in consequence
of this arrangement, there is only as much blood transmit-
ted to the brain during summer as is necessary to excite
that organ to action. In winter, when the circulation is slow,
" the small quantity of blood transmitted to the brain is in-
adequate to produce the effect. This circumstance, acting
along with a reduced temperature and an empty stomach,
he considers as the cause of torpidity. By analogy, he
infers, that the same  cause operates in producing torpidi-
ty with all the other hybernating animals of the other
classes.

Mr Carvisii, in his Croonian Lecture on Muscular
Motion, asserts, that ¢ animals of the class Mammalia,
which hybernate and become torpid in the winter, have at
all times'a power of subsisting under a confined respiration,
which would destroy other animals not having this peculiar
habit. = In all the hybernating mammalia there is a pecu-
liar structure of the heart and its principal veins: the supe-_
rior cava divides into two trunks, the left passing over the
left auricle of the heart, opens into the inferior part of the
right auricle near to the entrance of the vena cava inferior.
The veins usually called Azygos accumulate into two trunks,
which open each into the branch of the vena cava superior,
on its own side of the thorax. * The intercostal arteries and
veins in these animals are unusually large *.”

We cannot refrain from observing, that these gencral
views do not appear to be the result of a patient investiga-
tion of a number of different kinds of torpid animals, but
a premature attempt to theorise from a few insulated par-
ticulars. Passing, therefore, from these attempts of the
anatomist to illustrate the phenomena in question, let us

* Phil, T'rans. 1805, p. 17.
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attend to those other causes which are concerned m the pro-
duction of torpidity.

From the consideration, that this state of torpidity com-

mences with the cold of winter, and terminates with the
heat of spring, naturalists, in general, have been disposed
to consider a reduced temperature as one of the principal
causes of this lethargy. Nor are circumstances wanting to
give ample support to the conclusion.
- 'When the temperature of the atmosphere is reduced, as
we have already seen, below 50°, and towards the freezing
point, these animals occupy their torpid -position, and by
degrees relapse into their winter slumbers. When in this
situation, an increase of temperature, (the action of the sun,
or a fire), rouses them to their former activity. This expe-
riment may be repeated several times, and with the same
result, and demonstrates the great share which a diminish-
ed temperature has inr the production of torpidity. If mar-
mots dre frequently disturbed in this manner during their
lethargy, they die violently agitated, and a haemorrhage
takes place from the mouth and nostrils.

The circumstance of torpid animals being chiefly found
in the colder regions, is another proof that a diminished
temperature promotes torpidity. And, in confirmation of
this, Dr BarrtoN states, that, in the United States of
Anmerica, many species of animals which become torpid in
Pennsylvania, and other more northern parts of the coun-
try, do not become torpid in the Carolinas, and other
southern parts of the continent.

But while a certain. degree of cold is productive of this
lethargy, a greater reduction of temperature produces revi-
viscence, as speedily as an increase of heat. MaxciL1 placed
a torpid marmot, which had been kept in a temperature
of 45° in a jar surrounded with ice and muriate of lime, so
that the thermometer sunk to 16°. In about half an hour
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a quickened respiration indicated returning animation. - In
sixteen hours it was completely revived. It was trembling
with cold, and made many - efforts to escape. He also
placed a torpid bat under a bell-glass, where the tempera-
ture was 29°, and where it had free air. Respiration soon
became painful, and it attempted to escape. It then fold-
ed its wings, and its head shook with convulsive tremblings.
In an hour no other motions were perceptible than those
of respiration, which increased in strength and frequency
until the fifth hour. From this period, the signs of respira-
tion became less distinct ; and, by the sixth hour, the ani-
mal was found dead. He also exposed a torpid dormouse
(from a temperature of 41°) to a cold of 27°, produced by
a freezing mixture. Respiration increased from ten to
thirty-two times in a minute, and without any intervals of
repose. There were no symptoms of uneasiness, and the
respirations seemed like those in natural sleep. As the
temperature rose, respiration became slower. He then
placed it in the sun, when it awoke. Twohours afterwards,
having exposed it to the wind, respiration became frequent
and painful ; it turned its back to the current, without, how-
ever, becoming torpid.

That cold is calculated to produce effects similar to tor-
pidity ‘'on man himself, is generally known. Those who
have ascended to the summits of high mountains, have, by
the exposure to cold, felt an almost irresistible propensity
to lie down and sleep. Dr Soranper, while exploring
Terra del Fuego, though perfectly aware of the inevitable
destruction attending the giving. way to this-inclination,
-nay, though he had even cautioned his companions against
indulging it, could not himself overcome the desire. When
this feeling' is:gratified, sleep succeeds, the body becomes
benumbed; ‘and death -speedily  arrives. .- How long rthis
“sleep might continue without ending in death, were the
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body defended from the increasing cold and the action of
the air, will probably never be determined by satisfactory
experiments.  Partial torpor has often been experienced in
the hands and feet, which is easily removed by a gradual
increase of temperature. We may add, that, in the case of
persons exposed to great cold in elevated situations on
mountains ot in balloons, there are other causes in operation
which may have a tendency to produce sleep. The previ-
ous exertions have reduced the body to a very exhausted
state—the pressure of the atmosphere is greatly diminished,
and the air inhaled by the lungs is rarified.

When the animals now under consideration are regu-
larly supplied with food, and kept in a uniform tempera-
ture, it has been observed that they do not fall into their
wonted lethargy, but continue lively and active during the
winter season. This experiment has often been repeated
with the marmot and other animals. But when in this state
they are peculiarly sensible to cold. Dr Rexrvis, in some
experiments which he performed, says, “ When I was in
Switzerland, I procured two young marmots in September
1805, and kept them with the view of determining the
question, whether their torpidity could be prevented by an
abundant supply of feod and moderate heat. I ecarried
them with me to Vienna, and kept them the whole of the
winter 1805-6. The months of October and November
were very mild. My marmots ate every day turnips, cab-
bages, and brown bread, and were very active and lively :
they were kept in a box filled with hay in a cellar, and
afterwards in a room without a fire, and did not shew any
symptoms of growing torpid. December the 18th, the
weatlter was cold, and the wind very sharp ; FAHRENHETTS
thermometer stood at 18° and 20°. Two hedgehogs died,
which were kept in the same room with the marmots ; and_
a hamster died also in a room where a fire was constantly

VOL. IF. =
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kept, though these animals had plenty of hay and: food.
The marmots became more torpid than I ever saw them
“before; yet they contirued to come out of their nest, and
endeavoured to escape: the food given them in the even-
ing was always consumed by the next morning. In January
the weather was unusually mild and warm; my marmots
* ate voraciously, and were jumping about in the morning;
but at four o’clock in the afternoon I examined them se-
veral times, and found them not completely rolled up, half
torpid, and quite cold to the touch. They continued in
this state of serm-torpor for several weeks longer, never be-
toming so torpid-as to live many days without eating, and
never so active as to resist the benumbing effects of the cold
weather *.” - SpaLrnaNzANT performed snmlar experiments
with the same result on the dormouse. He found, that al-
though cold to the touch during the day, and completely
torpid, that it awoke at night and ate a little, and fell asleep
again in the morning. He shewed also that dormice kept in
@ situation more resembling their wild state, became torpid
in the month of November, and remained till the middle
of March, without eating the food which was placed near
them.

‘With some ammals, at least, a confined atmosphere ap-
pears to be indispensably necessary to the immediate pro-
duction of torpidity. 'This is very strikingly illustrated in
the case of the hamster. This animal does not become tor-
pid, though exposed to a cold sufficient to freeze water, un-
less excluded from the action of the air. Even when shut
up in a cage filled with earth and straw, and exposed to
cold, he still continues awake ; but when the cage is sunk
four or five feet under ground, and free access -to the ex-

-~ % Essay, p. 99.
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ternal air prevented, in eight or ten days he becomes as
torpid as it he had been in his own burrow. If the cage
be brought above ground, in two or three hours he recovers,
and will resume his torpid state when again sunk under
ground, This experinient may be repeated several times,
at proper intervals, either in the day time or during the
night, the light having no apparent influence. A confined
atmosphere, such as the hamster requires, does not appear
necessary to the torpidity of the hedgehog, the dormouse,
or the bat. But exposure to the open air seems to be equal-
ly hostile to the lethargic state in many animals. MaNeILI
always found that marmots awoke when taken from their
nest, and exposed to the free action of the air. A current
of air he always found to have the effect of producing revi-
viscence, both with dormice and bats. From these circum-
stances, we perceive the utility of the precautions of those
animals in retiring to places where the air is still, and where
they may enjoy a confined atmosphere,

Torpidity appears also in some cases to depend on the
state of the constitution. Thus, in the same chambers, on¢
marmot shall continue awake and active, while the others
are in a profound lethargy. = A hedgehog, during the win-
ter season, becomes: torpid upon the application of cold ;
but, during the summer season, or dfter the period of revi-
viscence, it resists the sedative effects of that agent, Max-
crLt took a hedgehog, on the 21st of June, and placed it
in a temperature of 8 of REavmur. It first rolled itself
up, afterwards lifted its head and tried to escape. Its re-
spiration became frequent and painful. At the end of the
first hour respiration had become feeble; at the end of an
hour and a half; it had ccased to respive; and twenty mi-
nutes after, it was frozen to the heart. When examined in
this condition, the flesh was found white, the veins of the
neck were much swollen, and a small quantity of extra-

2
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vasated blood was observed in the brain and the lungs. Tt
appears probable, that, during torpidity, the constitution
experiences a change something similar to ordinary sleep,
by which its exhausted energies are recruited, and it be-
comes better able to resist the effects of those ordinary
agents with which it has to contend.

There are some circumstances in the history of these
animals, which seem to indicate that they possess the
power of becoming torpid at pleasure, even in the ab-
sence of those disposing circumstances which we have enu-
merated. SparraNzani has seen bats in a torpid state
even during summer, and supposes, that as these animals
appear to possess some voluntary power over respiration,
this torpidity may be some instipctive propensity to pre-
serve life. MaNeiL1, in spring, when the Cricetus glis was
awake, and when the temperature of the air was between
66° and 68°, placed it in a vase along with nuts and other
food. The animal attempted to escape, and refused to eat.
It then became torpid. Im this state the number of its re-
spirations diminished. Instead of rolling itself up as usual,
before becoming torpid, it lay all the while upon its back,
and remained in that state until the 17th of July.

Before concluding our account of torpid quadrupeds, it
may be proper to add a few observations on their revi-
viscence. - 'When the hamster passes from his torpid state,
he exhibits several curious appearances. He first loses the
rigidity of his members, and then makes profound respira-
tions, but at long intervals. His legs begin to move; he
opens his mouth, and utters rattling and disagreeable
sounds. After continuing this operation for some time, he
opens his eyes, and endeavours to raise himself on his legs.
All these movements are still unsteady and reeling, like
those of a man in a state of intoxication ; but he repeats
his efforts till he acquires the use of his limbs. He remains
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fixed in that attitude for some time, as if to reconnoitre and
rest himself after his fatigues. His passage from a torpid
to an active state is more or less quick according to the
temperature. It is probable that this change is produced
imperceptibly, when the animal remains in his hole, and that
he feels none of those inconveniences which attend a forced
and sudden reviviscence.

It is evident, from the situations which some torpid ani-
mals occupy, that they must experience, in the course of
their lethargy, considerable changes of temperature. It®
would form a very curious subject of inquiry, to ascertain
the superior and inferior limits of this torpid state, with re-
spect to temperature. The Cricetus glis has been observed
dormant from 34° to 48°; the dormouse from 27° to 66°;
the marmot from 40° to 51°; and the hedgehog from 26°
to 56°.

It is certainly very difficult to account for the torpidity
of those animals, which, like the marmot and hamster, con-
gregate and burrow in the earth. Previous to their becom-
ing torpid, a considerable degree of heat must be generated,
from their numbers, in their hole; and besides, they are
lodged so deep in the earth, as to be beyond the reach of
the changes of the temperature of the atmosphere. Their
burrow, during the winter season, must preserve a degree
of heat approaching to the mean annual temperature of the
climate. If this is the case, how is reviviscence produced
in the spring? It cannot be owing to any considerable
change of temperature, for their situation prevents them
from experiencing such vicissitudes. Is it not owing to a
change which takes place in their constitution ? and, is not
awakening from zorpidity, similar to awakening from sleep ?

A similar remark may be made with regard to bats in
their winter quarters. The caves to which they resort, ap-
proach at all times the mean annual temperature. A few
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individuals, not sufficiently cautious in choosing proper re-
treats, are sometimes prematurely called into action, at a
season when there is no food, ‘so that they fall a prey to
owls, and the’cold of the evening. But what indications of
returning spring can be expetienced by those which are at-
tached to the roofs of the deeper caves? Surely no increase
of temperature ; ?

There is another very curious circumstanee attending the

reviviscence of ‘quadrupeds from their torpid state, which
" deserves to be mentioned. As soon as they have recovered
from their slambers, they prepare for the great business of
propagation. This is a proof, that torpidity, instead of ex-
hausting the energies of nature, increases their vigour. Tt
also indicates a peculiarity of constitution, to the preserva:
tion ‘and health of Whlch, a brumal lethargy is indispensably
requ151te

It appears to be the general practice of modern natural-
ists, to treat with ridicule those accounts which have been
left us, of birds having been found in a torpid state during
winter. These acc.ounts,A it is true, have in many instances
been accompanied with the most absurd stories, and have
compelled us to pity the credulity of our ancestors, and
withhold our assent to the truth of many of their statements,
But are there no authenticated instances of torpidlty among
birds?

In treating of the torpidity of quadrupeds, we were un-
able to detect the cause of torpidity, as existing in any cir-
cumstances connected with structure, or with circulation,
respiration, or animal temperature ; nor in the places which
they frequent nor the food by which they are supported.
Hence we cannot expect much help from a knowledge of
the anatomy, physiology, or even habits of birds, in the
resolution of the present question, It has indeed been said,
that as birds can readily transport themselves' from one
country to another, and in this manner shun the extremes
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of temperature, and reach a supply of food, the power of
becoming torpid would be useless, if bestowed on them,
although highly beneficial to quadrupeds, that are impa-
tient of cold, and cannot migrate to places where there is a
supply of food. This mode of reasoning, however, is faul ty,
since we employ our pretended knowledge of final causes,
to ascertain the limits of the operations of nature. Besides,
there are many animals, as we have scen in the class Mam-
malia, which become torpid, and a similar state is well
known to prevail among the reptiles. As birds, in the scale
of being, hold a middle rank between these two classes, being
superior to the reptiles, and inferior to the mammalia, we
have some reason to expect instances of torpidity to occur
among the feathered tribes.

These remarks have for their object, to prepare the mind
for discussing the merits of the question, by the removal of
presumptions and prejudices, as we fear preconceived opi-
nions have already exercised too much influence.

In treating of the migrations of the swallow, we endea-
voured to point out their winter residence, and even traced
them into Africa. 'We are not however prepared to assert,
that in every season all these birds leave this country. If
they remain, in what condition are they found ?

Many naturalists, such as Klein, Linnzeus, and others,
have believed in the submersion of swallows during winter
in lakes and rivers. They have supposed, that they de-
scend to the bottom, and continue there until the following
spring.  All the statements which we have yet had an op-
portunity of consulting, appear either as boyish recollections
or hearsay testimony; and although naturalists have becn
eagerly waiting for an opportunity of obtaining swallows
from their subaqueous retreats, for the last fifty years, they
have hitherto been disappointed. Indeed, the evidence in
support of such voluntary submersion, would require to be
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of the most unexceptionable kind, as there are the strong-
est probabilities against the occurrence. Swallows are
much lighter than water, and could not sink in clusters,
as they are represented to do. If their feathers are pre-
viously wetted, to destroy their buoyant power, in what
manner can they resist the decomposing effect of six months’
maceration in water, and appear in spring as fresh and
glossy as those of other birds? Swallows do not moult
while they remain with us in an active state, so that if they
submerge, they either do not moult at all, or perform the
process under water, In the case of the other torpid ani-
mals, some vital actions are performed, and a portion of
oxigen is consymed ; but in the submersed swallows, re-
spiration cannot be performed and consequently circulation
~ must cease. How, then, is the system able for so many,

months to resist the destructive influence of its situation, in
reference to the abstraction of heat? We may add, that
the other torpid animals, in retiring to their winter slum-
bers, consult safety, while the swallow, in sinking under
the water, rushes to the place where the otter and the pike
commit their depredations, against which it cannot contend,
and from which it has no means of escape.

These considerations, joined to the circumstance that mi-
gration is in ordinary cases practised by the swallow, lead
us to doubt the truth of the reports which have been eir-
culated on the subject. Amidst the endless resources of
Nature, it may happen that, from some particular circum-
stance, migration, with a few, may be impracticable, and
these may have been enabled to become torpid. It may
likewise have happened, that these birds, taking shelter in
holes in the margin of banks, haye fallen into the water, in
consequence of their retreat giving way, and that they may
have been taken, previous to drowning. The general belief
‘throughout Scotland, that they are occasionally found in a
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torpid state in their nests, could scarcely have originated in
any other circumstance than the occurrence of the fact.

But besides the example of the torpidity of the swal-
low, Bewick relates an instance of the same condition being
observed in the cuckoo. ¢ A few years ago, a young cuc-
%oo was found in the thickest part of a close whin-bush.
When taken up, it presently discovered signs of life, but
was quite destitute of feathers. Being kept warm, and
carefully fed, it grew and recovered its coat of feathers.
In the spring following it made its escape, and in flying
across the river Tyne it gave its usual call.”

There is an equally well authenticated example of torpidi-
ty in birds recorded by Mr NE1LL, as having been observed
in the case of the Land-rail, or Corncrake, as it is called in
Scotland. “ I made,” says he, ¢ frequent inquiry, whether
corncrakes have been seen to migrate from Orkney, but
could not learn that such a circumstance had been observed.
It is the opmion of the inhabitants, indeed, that they are
not able to undertake a flight across the sea. Mr Yors-
ton, a farmer at Aikerness, further related a curious fact,
rather leading to the conclusion that they do not migrate.
In the course of demolishing a hill-dike, (i. e. a mud-wall),
at Aikerness, about midwinter, a corncrake was found in
the midst of the wall. It was apparently lifeness; but,
being fresh to the feel and smell, Mr Yorston thought of
placing it in a warm situation, to see if it would revive. In
a short time 1t began to move, and in a few hours it was
able to walk about. It lived for two days in the kitchen,
but would not eat any kind of food. It then died, and
became putrid. I do not assert that this solitary instance
ought to be regarded in any other light than as an excep-
tion to the general rule of migration, till further observa-
tion have determined the point *.”

* <« Tour thrcugh Orkney and Shetland,” p, 204.
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. These are the only instances with which we are acquaint-
ed of actual torpidity having occurred among the feathered
tribes. They seem calculated to remove all doubt as to
the fact, while they point out to us the numerous resources
of nature in extreme cases to preserve existence. Thus,
when birds, from disease or weakness, or youth, are inca-
pable of performing the ordinary migrations of their tribes,
they become dormant during the winter months, until.the
heat of spring restores to them a supply of food and an
agreeable temperature. But it is only in extreme cases,
which happen seldom. The occurrence of torpid swallows
is very rare, and the examples. quoted of - the cuckoo and
land-rail are solitary instances, although the last mention-
ed bird is as abundant in Orkney, -as partridges are in the
Lothians. ‘

Hitherto we have been considering the torpidity which
warm-blooded animals experience. - Several cold-blooded
animals observe a similar mode of hybernation.

The period of the year at which Reptiles prepare for
this state of lethargy, varies in the different species. In
general, when the temperature of the air sinks below the
50th degree of Fahrenheit, these animals begin their winter
slumbers. They adopt similar precautions as the mamma-
lia, in selecting proper places of retreat, to protect.them
from their enemies, and to preserve them from sudden al-
ternations of temperature. Those which inhabit the wa-
ters sink into the soft mud, while those which live on the
land enter the holes and crevices of rocks, or other places
where the heat is but little .affected by changes in the tem-
perature of the atmosphere. Thus provided, they obey
the impulse, and become torpid. . ’

As the temperature of these animals depends, in a consi-
derable degree, on the surrounding medium, they do not
exhibit anj) remarkable yariations. When the air is under
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50°, these animals become torpid, and suffer their tempera-
ture to sink as low as the freezing point. 'When reduced
below this, either by natural or artificial means, the vital
prineiplé is in danger of being extinguished. 1In this torpid
state, they respire very slowly, as the circulation of the,
blood can be carried on independent of the action of the,
lungs; Even in a tortoise kept awake during the winter
by a genial temperature, the frequency of respiration was
observed to be diminished. Kdd

The circulation of the blood is diminished, in proportion
to the degree of cold to which these torpid reptiles are ex-
posed. - SPALLANZANT counted from eleven to twelve pulsa~
tions in a minute in the heart of asnake, at the tempera-
tureof 48°, whose pulse in general, in warm weather, gives
about thirty beats in the same period. Dr Rerves made
some very interesting experiments on the circulation of the
toad and frog. I observed,” he says, ¢ that the num-
ber of pulsations in toads and frogs was thirty in a minute,
whilst they were left to themselves in the atmosphere, of
which the temperature was 53°; when placed in a medium,
cooled to 40°, the number of pulsations was reduced to
twelve, within the same period of time; and when expo-
sed to a freezing mixture at 26°, the action of the heart
ceased altogether *.”

The powers of digestion are equally feeble during torpi-
dity as those of respiration or circulation. Mr Jonx Hux-
TER conveyed pieces of worms and meat down the throats of
lizards, when they were going to their winter quarters, and,
keeping them afterwards in a cool place, on opening thém
at different periods, he always found the substances, he had
‘introduced, entire, and without any alteration ; sometimes
they were in the stomach, at other times they had passed

v

* Essay on Torpidity, p. 19,
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into the intestines, and some of the lizards that were allow-
ed to live, voided them, toward the spring, entire and with
.very little alteration in their structure +.

The immediate cause of torpidity in reptiles has been as-
certained with more precision, than in the animals belonging
to the higher classes with warm blood. This condition
with them, does not depend on the state of the heart, the
lungs, or the brain; for these different organs have been
removed by SparrLANzANT, and still the animals became tor-
pid, and recovered according to circumstances. Even after
the blood had been withdrawn from frogs and salamanders,
they exhibited the same symptoms of torpidity as if the
body had been entire, and all the organs capable of action.

Cold, with these animals, is evidently the chief cause of
their torpidity, acting on a frame extremely sensible to its
impressions. During the continuance of a high tem-
perature, they remain active and lively; but when the
temperature is reduced towards 40° they become torpid,
and in this condition, if placed in a situation where the
temperature continues low, will remain torpid for an un-
known period of time. Srarranzani kept frogs, salaman-
ders, and snakes; in a torpid state in an ice-house, where
they remained three years and a half, and readily revived
when again exposed to the influence of a warm atmosphere.
These experiments give countenance to those reports in
daily circulation, of toads being found inclosed in stones.
These animals may have entered a deep crevice of the
rock, and during their torpidity been covered with sand,
which has afterwards concreted around them. Thus re-
moved from the influence of the heat of spring or summer,
and in a place where the temperature continued below the
point at which they revive, it is impossible to fix limits to

+ < Observations.” p. 155.
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the period during which they may remain in this dormant
state,

Since reptiles are easily acted upon by a cold atmos-
phere, we find but few of these animals distributed in the
cold countries of the globe ; while in those countries enjoy-
ing a high temperature they are found of vast size, and of
many different kinds, and in great numbers.

The torpidity of the Mollusca has not been studied with
care. 'These which are naked and reside on the land, re-
tire to holes in the earth, under the roots of trees, or among
moss, and there screen themselves from sudden changes of
temperature. The different kinds of land Testacea, such
as those belonging to the genera Helix, Bulimus, and Pupa,
not only retire to crevices of rocks and other hiding places,
but they form an operculum or lid for the mouth of the
shell, by which they adhere to the rock, and at the same
time close up even all access to the air. If they be brought
into a warm temperature, and a little moisture be added,
they speedily revive. In the case of the Helix nemoralis,
the operculum falls off when the animal revives, and a new
one is formed, when it returns again to its slumbers. The
first formed opercula contain a considerable portion of car-
bonat of lime, which is found in smaller quantity in those
generated at a later period. If the animal has revived fre-
quently during the winter, the last formed opercuta consist
entirely of animal matter, and are very thin. The winter lid
of the Helix pomatia resembles a piece of card-paper.

All the land testacea appear to have the power of be-
coming torpid at pleasure, and independent of any altera-
tions of temperature. Thus, even in midsummer, if we
place in a box, specimens of the Helix hortensis, nemoralis
or arbustorum, without food, in a day or two they form
for themselves a thin operculum, attach themselves to the
side of the box, and remain in this dormant state. T hey
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may be kept in this condition for several years. No ordinary
change of temperature produces any effect upon them, but
they 'speedily revive if plunged in water. Even in their
natural haunts, they are often found in.this state during
the summer season, when there is a continued drought.
With the first shower, however, they recover, and move
about, and at this time the conchologist ought.to be on the
alert.

The Spiders pass the winter season in a dormant state,
enclosed in their own webs, and placed ini some concealed
corner. Like the torpid mammalia, they speedily revive
when exposed to intense cold, and strive to obtain a more
sheltered spot.

Many insects which are destined to survive the winter
months, become regularly torpid by a cold exceeding 40°.
The house fly may always be found in the winter season
torpid, in some retired corner ; but exposure for a few mi-
nutes to the influence of a fire recalls it to activity. Even
some of the lepidopterous insects, which have been hatch-
ed too late in the season to enable them to perform the bu-
siness of - procreation, possess the faculty of becoming tor-
pid during the winter, and thus have their life prolong-
ed beyond the ordinary period. These insects can all
be preserved from becoming torpid by being placed in
. an. agreeable temperature, as the following expetiments
of Mr Goven (Nicholson’s - Journal, vol. xix.) testi-
fy. In speaking of the Hearth Cricket, (Gryllus domes-
-ticus), he says, < Those who have attended to the manners
-of this familiar insect will know that it passes the hottest
part of the summer in sunny situations, concealed in the
‘crevices of walls and heaps of rubbish. It quits its sum-
mer abode about the end of August, and fixes its residence
‘by the fireside of : the kitchen or cottage ; where it multi-
‘plies’ its species, and is as merry at Christmas as other in-
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insects are in the dog-days.” Thus do the comforts of a
warm hearth afford the cricket a safe refuge, not from
death, but from temporary torpidity ; which it can support
for a long time, when deprived by accident of artificial
warmth. ¢TI came to the knowledge of this fact,” he says,
¢ by planting a colony of these insects in a kitchen, where
a constant fire is kept through the summer, but which is
discontinued from -November to June, with the exception
of a day, once in six or eight weeks. The crickets were
brought froma distance, and let go in this room in the be-
ginning of September 1806: here they increased consi-
derably in the course of two months, but were not heard
or seen after the fire was removed. Their disappearance
led me to conclude that the cold had killed them : but in
this T was mistaken; for, a brisk fire being kept up for a
whole day in the winter, the warmth of it invited my
colony from their hiding-place, but not before the evening,
after which they continued to skip about and chirp the
greater part of the following day, when they again disap-

ared ; being compelled by the returning cold to take re-
gf«re in their former retreats. They left the chimney-cor-
ner on the 28th of May 1807, after a fit of very hot wea-
ther, and revisited their winter residence on the 31st of
August. Here they spent the summer merely, and lie
torpid. at present (Jan. 1808), in the crevices of the chim-
ney, with the exception of those days on which they are
recalled to a temporary existence by the comforts of a fire.”

Nothing is known with regard to the hybernation of the
intestinal worms. Those which inhabit the bodies of tor-
pid quadrupeds, in all probablhty, like these, experience a
winter lethargy. ~ If they remain active, they must possess
the faculty of resisting great alterations of temperature.
Among the infusory animals, numerous instances of sus-
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pended animation have been observed, continued not for a
few months, but during the period of twenty-seven years.
But such instances of lethargy do not belong to our pre-
sent subject.

There 1s another kind of hybernation, in some respects
resemibling torpidity, which deserves to be taken notice of
in this place, and which merits the appellation of Quies-
cence. The animals which observe this condition, remain
during the winter months in an active state, requiring but
little food, without however experiencing the change to
torpidity.

Of these quiescent animals, the common bear (Ursus
arctos) is the most remarkable example. Loaded with fat,
he retires in the month of November to his den, which he
has rendered comfortable by a lining of soft moss, and sel-
dom reappears until the month of March following.
During this period he sleeps much, and when awake al-
most constantly licks with his tongue the soles of his feet,
particularly those of the fore paws, which are without hair,
and full of small glands. From this source it is supposed
that he draws his nourishment during the period of his re-
tirement.

This quiescence appears to differ in its kind from torpi-
dity. 'This animal is always in season before he retires to
his winter quarters, and the female brings forth her young;
before the active period of the spring returns, and before
she comes forth from her hiding place.

The common badger is supposed to passthe winter in
the same manner as the bear, with which, in structure and
habit, he is so nearly related. It is also probable, that
many species of the genus Arvicola become quiescent, par-
ticularly the amphibia or common water rat, which always
leaves its ordinary haunts during the ‘winter.

It is in this state of hybernation that many of our river
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fishes, and even some species that inhabit the sea, subsist,
at the season of the year when a supply of food cannot be
procured. A similar condition prevails among the fresh
water mollusca, and also among many species of Annelides.
But we must observe, that accurate observations on this
branch of the subject are still wanting.

We have thus endeavoured to trace the various means
by which animals are enabled to counteract the baneful
effects of the varying temperature of the seasons. This
end is accomplished, in some, by a cuange in the quantity,
or the colour, of their dress, by which its conducting and
radiating powers are regulated. The inconveniences of
excessive heat or cold are avoided by others, by their perio-
dical migrations; while, in a third class, the body, during
the cold season, falls into a lethargic state, from which it
recovers with the return of spring. But there are other
dircumstances which influence the distribution of animals,
‘besides those connected with temperature.

II. Foon.

Although temperature appears to exercise a very power-
ful controul over the geographical distribution of animals,
yet it is likewise indispensably necessary that they be pro-
vided with an abundant supply of suitable food. When this
supply is deficient in quantity, both the size and shape of
the animals are altered. The frame becomes diminished in
stature, its symmetry is marred, and its feebleness indicates
the scantiness of its nourishment.

The dependence of the geographical distribution of ani-
mals on the supply of nourishment, is most conspicuously
displayed in those species which are destined to feed on
particular kinds of food. Thus many species of insects are

restricted in their eating to one kind of plants, or are para-
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sitical on one species of animal. The distribution of such
animals is thus dependent on their food.

The same remark is generally applicable to carnivorous
and phytivorous animals. But, in many species, though the
Testriction is absolute as to the nature of the food, it admits
of a considerable range with regard to the variety or kind.
Thus, though the lion is restricted to flesh, his cravings are
equally satisfied with the carcase of a horse, a cow, or even
of man. 'The hog in general feeds on roots, but it is not
confined to those of one kind of plants; hence it can sub-
sist wherever the earth is clothed with verdure.

The sefisons exercise a powerful influence on animals,
directly, in reference to their temperature, and, indirectly,
with regard to the production of their food. Thus, the
insect that feeds on the leaves of a particular tree, can only
enjoy its repast during that part of the season when this
tree is in leaf. How, then, is life preserved during the re-
maining portion of the year ? The resources are numerous.
1t either exists in the form of an unhatched egg, an inac-
tive pupa, in the imago state, requiring little food, or ac-
tually becoming torpid.

The birds which feed on insects in summer, in this cli-
‘mate, are, from the absence of this kind of sustenance in
winter, obliged to have recourse to various kinds of vege-
table food during that season, Should this change of diet
be unsuitable, migration to other districts, where a proper
supply can be obtained, becomes indispensably requisite.

In compliance with these regulations, we observe numer-
ous mammalia, birds, and fishes, accompany the shoals of
herrings in their journeys; and the grampus and seal enter
the mouths of rivers in pursuit of the salmon *. The bats,

* ® The seal sometimes enters fresh water-lakes in pursuit of his favourite
yepast, In the account of the parish of North Knapdale, by the Reverend
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which feed on insects in summier, could not, in this country,
obtain a suitable supply of food. Yet the race is preserved,
since the same fall of temperature, which is destructive to
insect-life, brings on their winter-torpor.

With many quadrupeds, however, and even insects,
especially the bee, where migration to more fertile districts
is impracticable, and where torpidity is not congenial to
the constitution *, there is an instinctive disposition to be
provident of futurity,—to subject themselves to much la-
bour, during the autumn, when the bounties of nature are
scattered so profusely, in heaping up a treasure for sup-
plying the deficiencies of a winter, of whose accompanying
privations, the young, at least, are ignorant. The quadru-
peds which possess this sforing inclination are all phytivor-
ous, and belong to the natural tribe of gnawers.

Of all those animals, whose industty in collecting and
wisdom in preserving a winter-store, have attracted tle no-
tice of mankind, the beaver stands pre-eminently conspicus
ous. The number of individuals which unite, in cutting
down timber to supply their storehouse, and the regularity
with which they dispose of it, in order to make it serve the
double purpose of food and shelter, are equally calculated
to excite astonishment. But as we rather wish to confine
our remarks to British animals, wherever the subject will
permit, we select as an example of this kind of storing pro-
pensity, the common squirrel, (Sciwrus vulgaris.) This

ArcuigaLp CamepeELL, we are told, that the lake called Lochow, about 20
miles in length, and 3 miles in breadth, ¢ abounds with plenty of the finest
salmon ; and, what is uncommon, the seal comes up from the ocean, tarough
a very rapid river, in quest of this fish, and retires to the sea at the approach
of winter.”—Stat. Acc. vol. vi. p. 260.

* Some animals, as the field-mouse, even lay up a small stock of provi«

sion on which to subsist, previous to torpidity, and in the intervals of revi
viscence. ]

F2
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active little animal prepares its winter-habitation among the
large branches of an old tree. After making choice of the
place where the timber is beginning to decay, and where
a hollow may be easily formed, it scoops out with its teeth
a suitable magazine. Into this storehouse, acorns, nuts,
and other fruits, are industriously conveyed, and carefully
concealed. This granary is held sacred until.the incle-
mency of the weather has limited the range of its excur-
sions, and consequently diminished its opportunities of pro-
curing food. It then begins to enjoy the fruits of its in-
dustry, and to live contentedly in its elevated dwelling.

III. SiTUuATION.

Animals are restricted by instinctive feelings, to particu-
lar situations. An attentive examination of all the physical
conditions of the situation preferred by each species, and
a comparison of these with the arrangement of the organs,
will enable us, in many cases, to perceive the propriety, or
rather, the necessity of the choice. ‘The animals which
reside in water, are possessed of organs of motion and re-
spiration, which can execute their functions only in that
element, in which also their most suitable food is to be ob-
tained. In some cases, these organs are suited to a resi-
dence in salt water, in others, in fresh water, still farther in-
fluenced by the temperature and motions which these expe-
rience. ~Again, in the animals which reside on land, we
observe the organs of locomotion, respiration, and percep-
tion, fitted only for a residence in such a situation. A va-
riety of other circumstances likewise exercise a powerful
influence, as temperature, shelter, and moisture.

All aquatic animals, of the vertebral division, which
breed and sleep in the water, are restricted to a constant
residence in that element, and consequently can exist only
in those regions where it occurs. The whale, indeed, could
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breathe on land, but could not accomplish progressive mo-
tion.

But even among the aquatic animals, which are less in-
fluenced in their distribution by temperature, and even
food, than those which reside on land, there are peculiar
arrangements connected with the reproductive system,
which exercise a powerful controul over them. With some
species, a constant residence in salt water is suitable to
every function; but with others, it is indispensably requi-
site to have occasional access to fresh water, Thus the
salmon, smelt, and eel, which perform all the functions of
motion, perception, and digestion, in the sea, are impelled
to quit it during the season of generation, and repair to
fresh water rivers and lakes, where they deposit their
spawn, and where the fry sojourn for a short period. To
these aquatic animals both fresh and salt water are neces-
sary, so that their distribution is restricted to those regions
where both are accessible. The migrations which these
animals perform, appear to depend on the condition of the
reproductive system, influenced by the obstacles or facili-
ties for changing place, which the varying state of the fresh
waters present. \

- Many quadrupeds and birds, which are able to execute
easily the conditions of progressive motion, and obtain an
abundant supply of food, in fresh or salt water, are com-
pelled to return to the land at regular intervals, for the
purposes of rest: This arrangement is exhibited in seals,
otters, and many birds, at all seasons, These animals,
consequently, cannot reside at great distances from land,
however suited the great ocean may be with regard to
temperature and food. In these animals the arrangements
of the reproductive system likewise compel them to fre-
quent the land during the breeding season. The term
Amphibious is usually applied to animals such as are now
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referred to, which perform their functions partly on the
land, and partly on or in the water.

Among terrestrial animals, there are many which execute
all the operations of life in one particular kind of situation,
influenced, however, by its variable conditions. Such animals
are necessarilylimited to those countries where such situations
occur. There are others, however, which shift their situa-
tions at particular seasons, without reference either.to tem-
perature or food. The curlew, which can at all times pro-
cure a subsistence on the sea shore, and resist or counteract
the changes of the seasons, retires, during the breeding
season, - to the inland marshes to nestle and rear its young.
The heron, which is equally successful in procuring food
on the shore, is destined to build its nest on trees, and con-
sequently, must betake itself to wooded districts for the pur-
poses of incubation. This bird congregates, during the
breeding season, in a few places in Britain, termed Heron-
ries or Heronshaws; but in other seasons it is found on
all the shores of our remotest islands.

Many terrestrial animals pass the first period of their
existence in the water. - In compliance, therefore, with the
arrangements of the reproductive system, the old animals
must seek after that element in which to deposit their eggs,
however independent they may be of its presence for their
ordinary personal wants.

Animals are thus restrained, in their geographical distri-
bution, to particular. places, by a great variety of causes.
Each situation possesses peculiar physical characters, each
class of organs is accommodated to certain particular exter-
nal circumstances, and the modifications of these organs are
suited to the varieties which these circumstances exhibit. It
is, however, one of the most difficult problems in Zoology,
upon the situation occupied by any species being given, te
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determine all the organical and instinctive arrangements
which are suited to its conditions.

VI. Fogs.

The restraints imposed on particular kinds of animals by
the presence of the rapacious tribes, serve to diminish the
number of individuals, but do not appear to exercise a very
powerful influence on the geographical distribution of the
species. When a rapacious animal has committed great
ravages in a particular district, a scarcity of food compels
it to emigrate, and leave the defenceless kind to multiply
in its absence. It is otherwise, however, with animals in
the progress of extending the geographical limits of their
distribution. They are exposed to a variety of dangers,
against which, the organical arrangement of their constitu-
tion cannot guard them, and to many foes from which their
instincts cannot point out the means of escape.

The restraints, however, imposed on the distribution of
animals, by the efforts of the rapacious kinds, bear no com-
parison to the influence exercised over them byman. Against
many species, hostile to his interests, he carries on a war of
extermination. Others he pursues for pleasure, or for the
necessaries or luxuries of life which they yield. In these
conquests, the superiority of his mental powers is conspicu-
ously displayed, and his claim to dominion established.
Unable to contend with many species in physical strength,
he has devised the pit-fall and the snare,—the lance, the
arrow, and fire-arms. Aided by these, every animal on
the globe must yield to his attempts to capture. The lion,
the elephant, and the whale, fall the victims of his skill, as
well as the mouse or the sparrow. Since the use of gun-
powder, indeed, the contest is so unequal, that it is in the
power of man to controul the limits of almost every species
whose stations are accessible.
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The views which have been stated in the preceding part
of this chapter, pave the way for an examination of the RE-
voruTIoNs which have taken place in the animal kingdom,
as these are indicated in the results of geognosy. It would
lead us into details too numerous and extensive for this
‘work, were we to give to this branch of the subject the de-
gree of illustration which its importance and present obscu-
Tity require. Besides, we have already touched upon some
of its more prominent topies, (vol.i. p.26.) 'We shall there-
fore, at present, restrict our remarks to a few observations
of a general nature. ‘

1. The organic remains of the animal kingdom, found in
the strata of this country, are generally supposed to bear a
very close resemblance to the living races which inhabit the
warmer regionsof the earth, and to be unlike the modern pro-
ductions of temperate and cold climates. In the firm belief of
the truth of this statement, many naturalists have conclud-
ed, either that these organic remains must have been brought

-into their present situation, by some violent means, “from
tropical .regions, or that our country once enjoyed the
warmth of a tropical climate. The tenderness and un-
broken state of the parts of these remains, and a variety of
circumstances connected with their position, intimate the
-absurdity of the first supposition, and the truths of astro-
nomy give ample discouragement to the latter. It would
have been wiser to have examined all the conditions of the
problem before attempting its solution, than rashly suffer
the imagination to indulge in speculation and ‘conjecture.
Had this examination taken place, we venture to assert that
the conclusion, that fossil shells, and other relics, must have
been, while recent, the natives of a warm country, would
never have been announced as an article of the creed of any

geologist.
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As the opinion here advanced is so very different from
that which is received by modern authors, it seems neces-
sary, before giving the proofs of its truth, to trace those
circumstances which have operated in leading into error.

The shells and corals which are found in a fossil state,
have probably been quoted more frequently, as proofs of
‘the truth of the popular opinion on the subject, than any

“other class of relics. Now, here it may be observed, that
for upwards of two centuries past, collections of tropical
shells and corals have been forming in this country, and
on the continent of Europe. During this period the native
productions have been examined and collected by few. It
therefore happened, that the tropical testacea and zoophy-
tes, were better known than those of temperate regions.
An observer, finding a fossil shell or coral, had it not in his
power to compare them with the productions of his country,
in public collections, or in the descriptions and engravings
of books on natural history. He could compare them with
the figures or specimens of foreign species only, and if he
discovered an agreement in the external appearance of a
species, or even a genus, might be led to conclude, that he
had found a tropical shell or coral fossil, in Great Britain.
A few hasty examinations of this kind, in which remote
analogies were suffered to be considered as proofs of iden-
tity, and the indications of a genus mistaken for the marks
of a species, could not fail to lead the mind to erroneous
results. With the progress of science, however, the geo-
graphical limits of species and of genera, have been more
carefully investigated, collections of native productions have
become more numerous and accessible, and the sources of
error greatly diminished. It is perhaps necessary to add,
that among all those who have attempted to investigate the
history of fossil species, there have been very few at the
same time acquainted with the characters of recent animals,
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and with the details of geognosy. = When all these circum-
stances are duly considered, it need not appear surprising,
that the results hitherto obtained are so inconclusive, or
rather so remote from the truth. ’

It may be stated, in opposition to the opinion against
which I am contending, that, in general, there are existing
species in this country, belonging to the same genera or
natural families, as those which are found imbedded in the
strata of the earth in a jfossil state. The Nautilus -(of
Lin., including those which are spiral, and the straight
Orthocera), for example, is found in the oldest and. the
newest rocks containing petrifactions. = Several - species
from the tropical seas occur in our public collections. But
it is not generally known, that, by the labours of Boys,
Warker, and MoNTAGU, nearly thirty different species
have been detected in a recent state, on our own shores.
It is true, that the recent tropical kinds are larger than
.our indigenous species, and in this character they resemble
the fossil species. But-this circumstance is of no- weight,
when considering the geographical distribution of different
species or genera*. The Anomiz (Lin.), common in a
fossil state, are also represented by many recent kinds in
our seas, and the same remark is applicable to the Echini,
Madreporze, and Milleporze.

It may here be said, that the remains of animals which
do not now live in temperate regions, as the Elephant,
Rhinoceros, and Tapir, are found in a fossil state in such
districts.  This objection, however, is of .no great weight,
and derives its principal support from the prejudices as-
sociated with the appellations of the species mow noticed.

* The Moose-deer, which inhabits countries bordering on the Arctic
circle, exceeds the horse in size, while the Guinea.deer, and Meminna, living
within the tropics, are not larger than a hare.
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When the name Elephant is pronounced ‘in our hearing,

the imagination immediately presents us with the pic.

ture of an animal browsing in an equatorial forest, guid.

ed by a Lascar, or hunted by a Caffre. We are so im-

patient to speculate, that we do not stop to inquire, whe-

ther the bones found in a fossil state belong to the living
species, or to a member of the same genus only, now
extinct. Although the lovers of hypothesis have rejected
this inquiry as useless, others have submitted to the labour
of the investigation. It was ascertained at an early period,
by several observers, that many of the large bones dug up
from the alluvial soil, in the temperate and cold regions of
Europe, Asia, and America, belonged to a species of the
genus Elephas; but it was reserved for Camper, Huwn-
TER, and CUvIER, to demonstrate, by means of the cha-
racters furnished by the bones of the head and the teeth,
that these fossil remains belonged to a species of" elephant,
different from any of those now living, or known to exist
on the globe. When the specific difference of the fos-
sil species, denominated by the Russians Mammoth, had
been determined, it became unsafe to speculate about the
climate under which it had subsisted, since ‘eack species of
a natural genus is influenced in its geographical and phy-
sical distribution, by peculiar laws *.

Raser, from an examination of the soil in which the
bones were imbedded, and the different countries in which
they had been discovered, without the aid of comparative
anatomy, arrived at the conclusion, that the elephant, to
which these relics belonged, may have been a native of
northern countries, in which it had lived, propagated, and

* The genus Taurus, or Bull, illustrates the truth of this rule, hitherto
much neglected, in examining the distribution of petrifactions. The Bos
buffalus, or Buffalo, dwells within thé tropics; while the Bos moschatus, or
Musk Ox, is found within the Arctic circle, and as far north as latitude 74°,
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'

expired *. This important conclusion, which has  since
been extended to other fossil species, received abundant con-
firmation, by the fortunate discovery, in 1799, of an entire
carcase of this northern elephant, preserved in the ice, at the
mouth of the Lena, on its entrance into the Frozen Ocean.
The animal had been in good condition at its death, and its
flesh was in such perfect preservation, that the Takutski,
in the neighbourhood, cut off pieces to feed their dogs with
and the white bears, wolves, wolverines, and foxes, made
likewise an agreeable repast. But the most interesting cir-
cumstance connected with this individual, was its covering
of hair. 'The elephant, and indeed all tropical animals, as
formerly stated, are thinly covered with short hair. This
Siberian animal, on the other hand, was thickly covered with
long hair. Upwards of thirty-six pounds of the hair were
collected : the greater part of which the bears had trod into
the ground, while devouring the flesh. Much of the ori-
ginal quantity, therefore, was lost. 'This quantity of hair
indicated not a native of a tropical climate, but an inhabi-

® Elephantorum Africee, Indie, et Cylanensium, diversitatem quandam
notant, naturz historici; Cylanenses reliquis omnibus magnitudine et inge-
nio praecellere preedicantes. Esse igitur potuit elephantorum species in ipso
septentrione, reliquis omnibus pracellens frigoris patentia, et 3 meridionali-
bus elephantis non magis diversa quam Lappones aut Hurones diversi esse so-
lent a Nigritis et Malabarize incolis. Sed certe quid pronunciare non ausim.
Sufficit, omniym reliquarum hypothesium insufficientiam, naturam situs et
ossium ipsorum, tandem etiam exempla extirpatarum specierum persuadere,
gquammaximé probabile quadam ratione, belluas quarum ossa in septentrione
hinc inde latent, non esse peregrinas; non alio advectas sed indigenas in illis
terris, ipsis olim natalibus, vixisse, generasse, quamvis hodie non supersint.”’
Dissertatio epistolaris de Ossibus et Dentibus Elephantum, aliarum Bellua-
rum in America Septentrionali, aliisque Borealibus Regionibus obviis ; qua
indigenarum Belluarum esse ostenditur.  Auctore R, E. Raspe.—Phil. Trans.

1769, p. 136.
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tant of a cold region. Its characters served to remove all
doubt upon the subject. It consisted of three kinds;—
bristles, nearly black, much thicker than horse hair, and
from twelve to eighteen inches in length; hairs of a red-
dish-brown colour, about four inches in length; and wool
of the same colour as the hair, but only about an inch and
a half long*. These circumstances demonstrate, that this
species of elephant was suited to reside in the temperate
and cold regions, in which its bones are at present disco-
vered, and that the climate of Siberia, at the time when the
mammoth flourished, wus the same in temperature, or near-
ly so, as it is at present. These facts, viewed in con-
nection with others equally striking with regard to the
fossil rhinoceros, indicate the impropriety of speculating
about the origin of fossil animals, without having previously
determined the species, or attended to the laws which re-
gulate the distribution of the existing races.

While there are many genera, containing both extinct
and recent species, there are other genera, which have no
living examples, as Belemnites, Mastodon, Anoplotheri-
um, and Palxotherium. These facts seem to indicate a
former condition of the Earth’s surface, very different from
that which prevails at present in any latitude.

It has frequently been remarked by British and conti-
nental writers, that in the same quarry, or mine, the or-
ganic remains, contained in one bed often differ from

G

_—

* This interesting skeleton is now put up in the Museum of the Imperial
Academy of Sciences of St Petersburgh. The skin still remains attached to
the head and the feet. The fore-leg, which was not found, has been restored
in plaster of Paris from the other side. The whole is nine feet four inches -
in height, and sixteen feet four inches in length, from the point of the nose
to the end of the tail. The tusks are nine feet six inches in length, mea-
suring along the curve, and, together, weighed 860 Ib. avoirdupois ; the head
alone, without the tusks, weighed 414 1b. avoirdupois,
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those in the contiguous beds, and that the same bed, in its
course through several miles, may be easily recognised by
its petrifactions. WExRNER, in attempting to generalise this
observation, announced it as his opinion, ¢ That different
formations can be- discriminated by the petrifactions they
contain *.” When it is considered that a particular bed of
rock ean seldom be traced for many miles, the assertion
that it may, through this extent, be characterised by its pe-
trifactions, is neither in- opposition to observation, nor the
laws which regulate the distribution of animals; But when
it is meant to be understood, that the same group, or for-
mation of beds, (though occupying the same position with
respect to other groups), however remotely connected in
geographical position, contain the same petrifactions, it be-
comes necessary to state, that such an opinion is unsupport-
ed by observation, and inconsistent with the laws which at
present influence the distribution of animals. There is no
proof of the same fossil species being found in the same
formation at the equator, and in temperate and cold re-
gions; and when genera only are’ referred to, the; reason-
ing becomes exceedingly vague, and apt to mislead. « The
celebrated Vo~ BucH, a pupil of WeeNER, in his Travels
through Norway, gives us an example of the Wernerian
rule, by stating, that Orthoceratites characterise exclusively
the transition limestone formation . There is, however,
no evidence, that: the species of Orthoceratites were: here

® See note by Professor Jameson to Cuvier's Theory of the Earth, Edin-
burgh 1813, p, 225.

4 ¢« How great was my joy when, at the steep falls of Aggers Elv, ahove
the lower saw-mills, I discovered the Orthoceratites, which so particularly
distinguish throughout all Europe this formation (Transition Limestone), and
this formation alone.”-—English Trans. p. 47.
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considered, nor that those which occur in the transition
limestones of Norway, Germany, and Ireland, have been
investigated with the view of determining the particular
species: And I have demonstrated that the rule does not
hold true, in reference to the genus, by the publication of
figures and descriptions of ten species of Orthoceratites,
from the beds of the independent coal formation *. Until
geologists form more accurate notions with regard to fossil
species, mo reliance can be placed on the ‘observations
which they offer respecting their geographical distribution.

'We have no reason to doubt, that the laws which now
regulate the geographical distribution of animals and plants,
did exercise their influence at the period, when the transi-
tion and fleetz-rocks were forming. 'We may, accordingly,
expect to find the fossil animals and plants of the tempe-
rate regions, differing as much from those in tropical coun-
tries, as the recent kinds are known to do. Each region

may be expected to exhibit a peculiar fossil Fauna and
Flora+.

® ¢ Observations on the Orthoceratites of Scotland,”—Thomson’s Annals
of Philosophy, for March 1815 ; where some proofs are likewise given of the

same fossil species, occurring in different beds of the same formation, and
even in different formations.

+ In the article Conchology, in the Supplement to the Encyeclopaedia Bri.
tannica, I havestated, ¢ that in every country there are particular animals
and vegetables, which indicate, by their mode of growth andrapid increase, a
peculiar adaptation’to the soil and climate of that district. Hence we\:‘;'{d a
remarkable difference in the animals and plants of different countries. Many
shell-fish have indeed a very wide range of latitude, through which they may
be observed ; but we know, that the same molluscous animals which are na-
tives of Britain, are not found, as a whole, as natives of Spain, while the
molluscous animals of Africa differ from both. If the same arrangement of
the molluscous animals always prevailed in the different stages of their exist~
ence, then we may expect to find the fossil shells of one country differing as
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In reference to this view of the subject, we may add,
that* the laws which regulate the distribution of recent
animals, have been, in a great measure, deduced from ob-
servations on those which inhabit the countries between the
Tropic of Cancer and the Arctic Circle; so that we have
much to learn with regard to the characters of those which
dwell between the Antarctic Circle and the Tropic of Capri-
corn. But the observations on the distribution of the fossil
species, from having been chiefly carried on in the middle.
and south of Europe, are more confined. A vast number of
fossil species, therefore, remain unexplored in the equato-
rial and antarctic regions, the characters of which will ei-
ther confirm the view which is here given, or furnish evi-
dence for that alteration of climate, occasioned by a change
in the obliquity of the ecliptic, or in the Earth’s axis of ro-
tation, which a few naturalists believe to have taken place.
If the fossil animals at the Equator do not resemble recent
or fossil Arctic productions but exhibit characters peculiar
to themselves, it will be necessary to abandon the idea of
great astronomical revolutions, and content ourselves with
investigating the changes organised beings are experiencing
at present, in order to discover those circumstances which
have impressed on the fossil species their peculiar outland-
ish character.

8. The opinion entertained by WERNER, that the petri-
factions of the older rocks, belong to animals of more simple
strueture and less perfect organization, than thosewhichoccur
in t' he recent deposits, is, when considered in a very general

much from those of another, as the recent kinds are known to do, so that
every country will have its fossil, as well as its recent testacea. Few obser-
vations illustrative of this branch of the subject have hitherto been pub-
lished.” Mr Greenovcr has since combated the same opinion, in his ¢ Cri-
tical Examination of the First Principles of Geology,”—London 1819,

p. 287,
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point of view, an approximation to the truth. In the beds
of the transition class, (the oldest rocks which are known to
contain petrifactions), the remains both of radiate and mol-
luscous animals occur ; yet the organization of the latter is
considered niore perfect than that of the former. In the
transition class, however, no remains of vertebrose animals
have been detected. In the independent coal-formation, (one
of the oldest groups of the fleetz class,) in addition to the re-
lics of radiate and molluscous animals, those of several an-
nulose animals occur, as species of the genera Trilobites,
Dentalium and Spirorbis; together with fishes, both osseous
and cartilaginous. In the newer groups of the fleetz scries,
relics of amphibia make their appearance, and in the newest
groups those of birds and quadrupeds. In the oldest al-
luvial deposits are found the bones of extinct quadrupeds;
in the newer beds, those of such as still survive. From the
period, therefore, at which petrifactions appear in the old-
est rocks, to the newest formed strata, the remains of the
more perfect animals increase in number and variety ; and
it is equally certain, that the newest formed petrifactions
bear a nearer resemblance to the existing races, than those
which occur in the ancient strata. The older remains are
much altered in their texture, and more or less incor-
porated with the matter of the rock, while the newer
are but little altered.. These circumstances lead us to be-
heve, that the strata containing petrifactions were once in a
state of mud ; and that the same process which altered the
imbedded relics, communicated to the surrounding matter
its present compact or crystalline structure.

"These facts, in the history of animals, which have been
ascertained by the researches of the geologist, lead the in-
quisitive mind to investigate those circumstances which have
operated in bringing about such mighty revolutions. In
conducting the inquiry, it is necessary to impose restraint up-

on the imagination, and deliberately to examine the existing;
VOL. IF. @
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causes of change in the animal kingdom, in order to compre-
hend the alterations which have already taken place, or to
anticipate those which may yet be produced. What influ-
ence has man exerted in producing such changes?

The situation in which we are placed in this world, ren-

. ders it necessary for us to attempt the destruction of many
races of carnivorous animals, to drive them from our dwell-
ings, cut them off in their retreats, and prevent them from
living in the same region along with us. When we begin
to keep flocks of tamed animals, to plant gardens and sow
fields, we expose ourselves to the inroads of a greater num-
ber of depredators, and consequently wage more extensive
war. The war waged, in the early stages of society, against
various animals, is a measure of security. With the pro-
gress of civilization this war becomes an amusement; and
in the absence of those animals, really destructive to our
interests, we make sport of the death of others which are
inoffensive. But the employment of the chace is not al-
together a measure of safety or amusement. "We hunt to
obtain food and clothing, and a variety of ornamental and
useful articles of life.

The havock which man thus commits in the animal king-
dom, has occasioned the extirpation of many species from
those countries of which they were formerly the natural
possessors.  In this island, since the Roman invasion, some
species of guadrupeds and birds have disappeared; and
others are becoming every year less numerous. Of those
which have been extirpated, the bear and the beaver, the
crane and the capercailzie, may be quoted as well known
examples. The same changes are taking place in every
cultivated region of the earth, each having, within the very
limited period of history or tradition, lost many of the ori-
ginal inhabitants.
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When it is considered, that the business of the chace has
ever been keenly followed by man, from the first stages of
society to the pugsent day; that its triumphs have been
eagerly sought after, and highly prized ; and when these
eircumstances are united, with’the recollection of the num-
bers of the human race dispersed over the globe, all prose-
cuting the same purpose, for the long period of nearly 6000
years, it does mot appear unreasonable to conclude, that
man has effected many changes in the geographical distri-
bution of animals. ~Perhaps, he may have succeeded, in the
course of this Jong period of persecution, in completing the
destruction of several species, the memorial of which tradi-

 tion has failed to preserve, while their remains may yet be
traced in the newer and perhaps older alluvial deposits.

However great those changes may have been, in the con-
dition of certain species, brought about by human agency,
there are many other revolutions which have taken place
in the animal kingdom, over which man could exercise no
control. Many corals and shells, the bones of fish, rep-
tiles and quadrupeds, are imbedded in stone, which have
belonged to species which do not now exist in a living state
on the globe, and which, probably, were extinct before
man exercised any control. By what cause, then, have
these revolutions been effected ?

When we attend to the physical conditions of tempera~
ture, food, situation, and foes, which must at all times have
exercised their influence over the existence and geographi«
cal distribution of animals, it will appear obvious, that a
variety of causes, (a change in one or all of these condi-
tions,) may have operated in promoting the increase of
some species, and in producing the decay or extinction of
others. Have we, then, any proof of such changes in the
truths of geognosy, er in the alterations which we witness
taking place on the surface of the globe? .

; : ¢2
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When we look at a river after rain, emptying its con-
tents into the sea, we perceive thatit has brought along with
it a considerable quantity of gravel and mud, which it de-
posits in the form of bars, sand-banks or deltas. This mud
has been obtained from the disintegration and wearing down
of the rocks through which it has passed ; and contributes
to fill up the ocean, by forming land onits borders. The
flat ground at the mouths of the Ganges, the Nile, and the
Rhine, have derived their origin from this source, as well
as the carses of Falkirk and Gowrie in Scotland. If the
attention is turned from the sea to inland lakes, we observe
the same process of upfilling going on, with the assistance
of other circumstances connected with their condition.
Mud is constantly poured into them by the rivulets; the
testaceous animals separate lime from the water for their
shells, which ultimately go to the formation of marl. Aqua-
tic plants multiply ; and, by their annual decay, form layers
of peat. The whole mass of foreign matter, by degrees, ac-
quires the altitude of the mouth of the lake, passes into the
state of a marsh ; and, by the wearing away of the rocks at
the outlet, is in part drained, becomes fit for grazing, and,
finally, suitable for cultivation. The rivulets now pre-
vented from precipitating their suspended contents in the
lake, carry them to some lower pool, or farther on to the
sea. Numerous plains, meadows and peat-bogs, indicate
the former operations of this process; and in every lake at
present, similar changes may be observed taking place.

This obvious tendency of the present order of things to
wear down eminences, and fill up hollows, has not been con-
fined to the period of the formation of the alluvial strata,
but has exerted its influence during the period of the for-
mation of all those rocks in which organic remains are im-
bedded. 'Thus, when the position of the beds of the transi-
tion rocks are examined in the great scale, they are found
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to occupy immense hollows in the primitive rocks. The:
old red sandstone fills up the hollows of the transition, and
occasionally of the primitive rocks. The independent coal
formation is found occupying the hollows of the preceding
groups. The hollows of these different formations have been
still farther filled up, by the numerous series of beds con-
nected with chalk and gypsum ; and, atlast, we come to the
alluvial deposits, which at present are contributing to fill up
existing inequalities.

These changes which have taken place, have every where
diminished the height of mountains, filled up lakes, and in-
creased the quantity of dry land. We may therefore safely
draw the conclusion, that, along with the increase. of dry
land, there musthave been a proportional diminution of aqua-
tic animals and plants, and a corresponding increase of those
which inhabit the land *.  There is likewise reason to con-
clude, that, amidst these vast revolutions, so many altera-
tions must have taken place in those physical conditions, on
which the life of animals depends, that multitudes must
have been annihilated with every successive change. The
increase of land, by this process of upfilling, and the reduc-
tion 'of the number of mountains supporting glaciers, must
have altered greatly the temperature of the globe; and, in
every region, increased. the difference between the heat of
summer, and the cold of winter, by promoting the intensity
of each. This change of temperature may have been some-
what modified by the progress of wvegetation in the different
periods, by the formation of volcanic land, and the heat
communicated to the air by volcanic fire. It is impossible
to estimate all the effects which these changes may have pro-

* This view of the matter is countenanced by the circumstance, that the
remains of aquatic plants and animals are more abundant in the rocks of the
diffcrent ages, thanr those belonging to the inhabitants of the land,
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duced on different species of animals, but little doubt. need
be entertained that they were of considerable extent. .

In consequence of these changes which have taken place,
on the earth’s surface, corresponding alterations must have
been produced in its condition, as. a residence for animals..
Every lake, as it was filled up, would receive the remains
of all those of its inhabitants, the locomotive powers of
which prevented them from shifting to a more suitable
dwelling. If a number of these lakes were filled up nearly
at the same time, over the whole, or a large portion, of the
globe, (and the universality of many of these upfilling for-
mations justify the supposition,) the.total extinction of a
race of animals may have taken place’; and each succeedmg
deposition may have been equally fatal to the surviving
tribes. '

If every physical change which can take place on the
surface of the earth, whether it be an alteration of tempera-
ture, of the quantity of land or water, of moisture or dry-
ness, is detrimental to some animals, we need not be surs
prised, that, amidst the vast number which has occurred,
many species have disappeared, whole races become extinct,
and the general features of the animal kingdom undergone
stccessive changes *.

When we trace the characters.of the different depositions
which have taken place from the newest alluvial beds to the
oldest transitiqn. rocks containing petrifactioﬁs, we witness
very remarkable gradations of character. ~The newest

* Some conception may be formed of the effects of those changes which
have taken"place on the earth’s surface, on animals and vegetables, by ob-
serving the alterations which are produced by the drainage of a bog or lake.
Plantsare destroyed, together with the'insects and shell-fish that fed on them.
Fish are destroy\ed, and the worms on which they fed. The frog can no longer
find: 2 fit place to deposit its eggs. The food of the water-fowl is destroyed,
and their haunts ‘dried up. These ancient inhabitants are succeeded by,
others suited to the new state of things,—an emblem of the great revolutmm
of the earth,
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formed strata are loose in the~ir texture, and usually horis
zontal in their position. In proportion as we retire from
these, towards the older formations, the texture becomes
more compact and crystalline, and the strata bécome more
inclined and distorted. These characters may be traced,
by comparing the common loose marl of a peat-bog with thé
firmer chalk ; the compact fleetz limestone with the transition
marble; or the peat itself with the older beds of wood-coal,
or the still older beds of coal of the independent coal forma-
tion. The organic remains in the newer strata are yet un-
alteved in their texture, and easily separable from the matter
in which they are imbedded. In the older rocks, the re-
mains are changed into stone, and intimately incorporated
with the surrounding rocks. These facts are of vast im-
portance in a geological point of view, as they make us ac-
quainted with the original condition of the matter with which
the organic remains were enveloped, and lead us to believe
that the bed now in the form of limestone or marble, was
once loose as chalk, or even marl ; that coal once resembled
peat; and that the strata of sandstone and quartz rock were
once layers of sand. They are no less interesting when
viewed in connection with the characters presented by the
petrifactions of the different seras.

The fossil remains of the alluvial strata, nearly resemble
the same partsof the animals which live on the earth at pre-
sent, and in the newer strata, the remains of existing races
are found. As we trace, however, the characters of the pe-
trifactions of the fletz and transition rocks, we find the
forms which they exhibit differing more and more from the
animals of the present day, in proportion as the rocks in
which they are contained exhibit new characters of texture,
position, and relation.

It is impossible to regard these concomitant circumstan-
ces as accidental. Their co-existence indicates their rela-
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tion, and leads to the conclusion, that the revolutions which*
have taken place in the animal kingdom, have been pro-
duced by the changes which accompanied the succes-
sive depositions of the strata. According to this view of
the matter, the animals and vegetables with which the earth
is peopled at present, could not have lived at the period
when the transition rocks were forming. ‘A variety of
changes have taken place in succession, giving to the earth
its present character, and fitting it for the residence of " its
present inhabitants. And if the same system of change
continues to operate, (and it must do so while gravitation
prevails ¥,) the earth may become an unfit dwelling for the
present tribes, and revolntions may take place, as exten-
sive as those which living beings have already experienced.

In addition to these circumstances, which must have ex-
ercised a powerful influence on the distribution of animals,
we must bear in mind, that the universal deluge of Noas,
and the numerous local inundations, the traces of which may
be perceived in every country, must have greatly contri-
buted to produce changes in the animal and vegetable king-
dom +. To these inundations may be ascribed the occur-
rence of the remains of supposed land plants, and fresh
water animals in strata, alternating with such as contain

* The only causes which at present seem to operate in preventing this
reduction of the elevated parts of the earth to 2 level with the sea, are vola
canoes and sand-floods. The counteracting effects of the former are of great
magnitude ; those of the latter are comparatively insignificant.

4 In this country, the proofs of these inundations are exhibited in the hills
of stratified sand, and the numerous boulder stones which occur in every
part of the country. The tempestuous risings of the sea have left traces of
‘their destructive eﬂ‘ects, in'the heaps of sea shells which occur in our friths.
I have described a bed of this kind elevated upwards of thirty feet above the
level of the sea, which occurs to the westward of Borrowstownness in the
foth of Forth, in Annals of Phil. August 1814, p. 133. .
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L. d

only marine exuvize. These appearances occur in the se-
condary formations of all ages *. :

The statements which have now been given, relative to
the changes which have occurred on the earth’s surface,
and in the condition of its inhabitants, point out some of
the advantages which the student of zoology may derive
from an acquaintance with the truths of geognosy, and how
necessary it is to cultivate a knowledge of the history of
plants and animals, to qualify for conducting geological spe-
culations. 'These views may probably be submitted to the
public at a future period in a more enlarged form.

An acquaintance with the laws which regulate the geo-
graphical distribution of animals, is indispensably necessary
in our attempts toNATURALISE exotic species. The tempera-
ture most suited to their health,—the food most congenial
to their taste, and best fitted to ‘their digestive organs,—
the situation to which their locomotive powers are best adap-
ted,—and the foes against which it“is most necessary to
guard them, are circumstances on which we: ought to be-
stow the most scrupulous attention, in order to insure suc-
cess. There are many animals which. can call forth but
few counteracting energies,and consequently;, cease to thrive,

* The action of gravity on the mud, and its organic contents, at the
period of the deposition of the strata, may have given to the whole an ar.
rangement different from that which prevailed at first. This effect of syb-
sidence to which I refer, is displayed in every peat-bog. The lower beds
are usually formed of sand, or marl. The beds of the latter consist of all
the shells which had been formed in the lake before it was filledup. These
have subsided to the bottom, and, along with them, the skeletons of deer or
oxen which may have perished in the waters. The lighter peat occuples
the surface. That the fleetz strata, at their formation, were in a condition
to admit of subsidence, is demonstrated by the complanation of those trees
and other remains which lie parallel to the surface of the bed, appearantes
svhich are exhibited in every layer of peat.
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upon the slightest alteration taking place in their physical
condition. With others, the case is very different, and
these we can casily naturalise. They can accommodate
themselves to a variety of new conditions, and successfully
resist the destructive tendency of the changes to which we
subject them,

The change in the condition of the animals we wish to
‘maturalise, should, in all cases, be brought about as slowly
as circumstances may permit, In this manner, the first
counteracting effects of the system grow into organical ha-
bits, before all the evils of the situation are experienced, in
which they are destined ultimately to reside. In this gra-
dual manner, man has become fitted to reside in every cli-
mate, as well as many of the animals which he has re-
claimed.

The details into which we have entered, concerning the
distribution of animals, serve to point out the proper me-
thod of constructing a FauNa of a particular country,
Among British writers, at least, little or no attention is paid
to the geographical distribution of the species. In the kst
of native animals, may be found those species which really
live in the country, associated with such as visit it periodi-
cally, or only at irregular intervals, and with those which
have been extirpated, or which have become extinct, and
such as have been naturalised. In consequence of this in-
congruous assemblage of species, it is difficult to form a
correct view of the number or characters of our native ani-
mals. Were we to classify them under the ’fo]lowiﬁg divie
sions, much ambiguity and even error would be avoided.

1. Resident Animals.—Those animals, only, ought to be
considered as the genuine inhabitants of the country, which
continue in it the whole yeat, and can accommodate them-
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selves to all its annual changes. Such are the fox and the
otter, the eagle and the grouse.

Q. Periodical Visitants——These arrive and depart at
stated seasons of the year. The Equatorial visitants continue
during the winter, arriving in autumn and departing in
spring. - Such are the fieldfare and woodcock. The Po-
lar visitants arrive in spring and depart in autumn. Dur-
ing their abode, they bring forth their young, and differ
from the resident animals chiefly in the circumstance of be-
ing unable to counteract the changes which winter produ-
ces in their condition. Such are the swallow and nightin-
gale.

8. Irregular Visitants or Stragglers.—The species here
referred to, are either the resident inhabitants or periodi-
cal visitants of the neighbouring regions, which have been
driven ‘to .this country by the fury of storms, or chaced
from their native haunts by their foes. In consequence of
these causes, and probably many others, a variety of ani-
mals have strayed to the British isles, and have been impro-
perly enrclled in our Fauna. Thus, several cetaceous ani-
mals, and palmated quadrupeds, have been in this manner,
as stragglers, observed and recorded. Among a few of these
may be enumerated, Manatus trichecus, or sea-cow; Del.
phinus albicans, or Beluga ; and more recently, Trichecus
rosmarus, or Morse. Among birds, and fishes, and insects,
the number of stragglers is more considerable. A singlé
instance of the appearance of a single individual of a spe-
cies on British ground, has hitherto been considered as suf-
ficient to constitute a nominal right to citizenship. How
greatly would our lists be reduced, were the names of such
foreigners excluded ? It is, however, of importance to re-
cord the event of thgir occurrence, and the circumstances
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under which it took place, as illustrations of the history
of species, and as furnishing marks by which we may
trace the changes produced in their geographical distribu-
tion.

4. Euxtirpated Animals.—Under this head are included
those species which, though they do not now live in this
kingdom, still continue to flourish, in a wild state, in other
regions more favourable to the continuance of their race.
Among the extirpated British quadrupeds, may be enu-
merated the wolf, brown bear, beaver, boar, fallow-deer,
antelope *, ox, and horse. 'The extirpated birds are fewer
in number, being chiefly the capercailzie, crane, and egret.
The two last occasionally appear as stragglers.

5. Euxtinct Animals.—These no longer occur in a living
state on the globe. Our extinct quadrupeds are few in
number,——such as the fossil elephant, rhinoceros, and Irish

elk +.

* The only notice I have seen of this animal ever having inhabited Bri-
tain, is in a paper giving * An account of the Peat-pit near Newbury in
Berkshire,” by Joux CorLer, M. D. where there is likwise another proof of
the occurrence of the bones of the beaver in this country, in addition to
those which Mr Nerr has so carefully collected, in the Edinburgh Phil.
Journal, vol. i. p. 177. ¢ A great many horns, heads, and bones of seve-
ral kinds of deer, the horns of the antelope, the heads and tusks of boars, the
heads of beavers, &c. are also found in it ; and I have been told, that some
human bones have been found ; but I never saw any of these myself, though
1 have of all the others.” Phil Trans. 1757, p. 112.

* 4 Large horns of a stag, differing in size from the present kind, are fre-
quently dug up from marl-beds, but whether they are the relics of a distinct
species, or only of a variety, has not been determined, The remains of a
fallow-deer and ox likewise occur. The sculls of the latter are so superior
in size to those of the present races in the Highlands, which are nearest to &
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There are no extinct birds known in Britain, but the
remains of many extinct species of amphibia, fishes, parti-
cularly sharks, crustacea, mollusca, and zoophytes, occur in
abundance in the fleetz and transition strata. The fossil
species, indeed, probably exceed, in the mollusca, at least,
the numbers which live in the present day.

6. Naturalised Animals—These are the natives of
other countries, which have, by accident or design, been
translated into our own. A few of these continue unre-
claimed, as the brown rat, pheasant, and several species of
fish ; while others depend on our protection, as nearly all
our domestic birds. Much, however, remains to be done
in this branch of national industry. '

CHAP. IIL

EcoxoMicaL Uses oF ANIMALS.

I:is impossible to enter in detail on this part of the sub-
ject, which, of itself, might furnish materials for several vo-
lumes. We must therefore content ourselves with a very
few remarks on the F'ood, Clothing, and Medicine, together
with materials for the arts, which we derive from the sub-
Jects of the animal kingdom.

1. Food.—Man employs, as articles of food, animals be-
longing to every class, from the quadruped to the zoophyte.
In some cases, he makes choice of a part only of an animal,

wild state, as to lead to the conclusion, that they belonged to a well marked
variety,—probably to the white cattle which are still preserved in a wild
state in a few parks in different parts of the kingdom.
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in othier cases, he devours the whole.  He kills and' dresses
some animals, while he swallows others in a live state. The
taste of man exhibits still more remarkable differences of &
national kind. 'The animals which are eagerly soughtafter
by one tribe, are neglected or despised by another. Even
those which are prized by the same tribe in one age, arere-
jected by their descendantsin another. Thus, the seals and
porpoises which, a few centuries ago, were eaten in Britain,
and were presented at the feasts of kings, are now rejected
by the poorest of the people *

Man, in general, prefers those quadrupeds and birds
which feed on grass or grain, to those which subsist' on
flesh or fish. Even in the same animal, the flesh is not al-
ways of the same colour and flavour, when compelled to
subsist on different kinds of food. The feeding of black
cattle with barley straw, has always the effect of giving to
their fat a yellow colour. = Ducks fed on grain, have flesh
very different in flavour from those which feed on fish.
The particular. odour of the fat of some animals, seems
to pass into the system unchanged, and, by its presence,
furnishes us with an indication of the food which has
been used.

While many kinds of animals are rejected as useless;
there are others which are carefully avoided as poisonous.
Among quadrupeds 1 and birds, none of these are to be
found, while, among fishes and mollusca, several species
are to be met with, some of which are always deleterious to
the human constitution, while others are hurtful only at
particular seasons.

® See some account of the quadrupeds and birds anciently used as food,
i PenwaNT’s Brit. Zool. ii. p. 726.
4 The liver of the Arctic bear is stated to be deleterious, by that ac-
complished navigator, Captain Scorespy. Arctie Regions, vol i. p. §20.
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2. Clothing.—"The use of skins as articles of dress, is
nearly coeval with our race. 'With the progress of civiliza-
tion, the fur itself is used, or the feathers, after having
been subjected to a variety of tedious and frequently com-
plicated processes. Besides the hair of quadrupeds, and
the feathers of birds used as clothing, a variety of products
of the animal kingdom, as bone, shells, pearls, and corals,
are cmployed as ornaments of dress, in all countries, how-
ever different in their degree of civilization.

8. Medicine.—The more efficient products of the minc-
ral kingdom, have, in the progress of the medical art, in a
great measure superseded the milder remedies furnished
by animals and vegetables, - The blister-fly, however, still
remains without a rival ; and the leech, which may here be
noticed, is often resorted to when the lancet. can be of no
avail.

4. Arts—The increase of the wants of civilized life,
calls for fresh exertions to supply them, and the animal
kingdom still continues to furnish a copious source of ma-
terials. Each class presents its own peculiar offering, and
the stores which yet remain to be investigated, appear in-
exhaustible.
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PART IL

THE METHOD OF INVESTIGATING THE
CHARACTERS OF ANIMALS.

Ix order to render complete the history of any species of
animal, it is necessary to examine the peculiar character of
all those systems of organs which have been noticed in the
first volume of this Work, and to ascertain those laws which
regulate its physical and geographical distribution. As this
method of investigation is both Taborious and difficult, it
has been successfully practised by few. The greater num-
ber 'of naturalists have rested satisfied with an examination
of the external characters of animals, and have overlooked
those which are furnished ‘by their internal structure. In
order to form a correct opinion of the merits of these dif-
ferent methods of investigation, we ought to bear in mind,
that the history of a species is incomplete, when its external
characters only have been determined ; that many of these
characters are liable to change, and are, consequently, apt
tomislead. The characters, on the other hand, farnished by
structure are more permanent, yield more certain results,
and are more engaging to a philosophical mind. On this
important subject, however, it will be necessary to go more
mto detail, and to consider what those different characters
are, and how they are astertained.
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CHAP. 1.

EXTERNAL CHARACTERS

N sronavssrs usually employ, as external characters, the
marks which are furnished by colour, dimensions, weight,
and shape. On each of these we shall now offer a few ob-
servations.

1. Colour.—This character, the most attractive to the
eye, has engrossed a great share of attention. In many
description, of birds, for example, it is the only character
which is employed, by ornithologists, in the discrimination
of species. But this character, we have seen, varies, in many
cases, with age, season, and sex ; so that an implicit reliance
on its indications, unless where the changes have been pre-
viously ascertained, must be apt to mislead. ~ Accordingly,
we find individuals of the same species exhibiting different
coloured plumage, according to circumstances, which have
been exalted to the rank of species, and much confusion,
in consequence, introduced into the arrangements of the
ornithologist. Similar errors have been committed with spe-
cies of almost every class. Indeed it scems doubtful, whether
a species ought to be constituted from characters furnished
by colour alone. Even where the colours appear fixed,
other marks, of a less suspicious kind, will readily be de-
tected.

It was for a long time a matter of regret among natural-
ists in general, that no uniform nomenclature for colours
was employed, so that it was frequently impossible, in the

VOL. IT. H



114 PHILOSOPHY OF ZOOLOGY.

perusal of the description of a mineral, plant, or animal, to
judge accurately. of its colour, from the terms in which it
was expressed. This evil is in a great measure removed, by
the introduction of tables of colours, with examples. The
best of these, for the purposes of natural history, and one
which, we believe, to be extensively used, is executed by Mr
Syme of Edinburgh, an accomplished painter of objects in
natural history, and an accurate judge of colours*. It is
a work which every naturalist should possess ; and it would

be of very great advantage to science, were it generally
adopted as a standard of colours.

2. Dimensions.—In all animals there is a determinate
size, which the body, if in health, and placed in favourable
circumstances, is destined to attain. A knowledge of the
dimensions of an individual is, therefore, of great use in ‘en-
abling us to ascertain the species to which it belongs. This
is a character, however, which ought to be employed with
caution, as the circumstances on which its value depends
are subject to much variation. Young animals are smaller
than old ones, and often exhibit a different proportion of
parts. 'The males, in quadrupeds, are larger than the
females; while, among insects, and even some birds, the
females exeeed the males in their dimensions. But even
in the individuals of the same specics, climate exercises a
powerful influence. 'When near the limits of their geo-
graphical distribution, the growth is counteracted, the rela- -
tive dimensions of the parts vary, and the ordinary stand-
ard of size ceases to be a criterion of the species.

® « Werner’s Nomenclature of Colours,” by Parrick Svwr, flower-
paiuter, Edinburgh ; painter to the Wernerian and Horticultural Secieties of
Edinburgh, 1 vol. 12mo, 1814.
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The nomenclature employed to express size, is taken, in
cach country, from the ordinary standards of length. In
Britain, the English inch, and its fractional parts, are uni-
versally employed.

8. Weight.—Almost every circumstance which operates
in varying the dimensions of animals, likewise exercises 2
powerful influence on their weight. On this account it is
necessary to consider the age and sex of the animal, the
season of the year in which it has been killed; and its habit
of bedy. The weight, in this country, is usually expressed
by grains and other fractions of a pound; but it does not
appear that the same kind of weight is generally used.
Apothecaries weight is the most convenient in its divi-
sions *.

4. Shape.—~The characters furnished by colour, size, and
weight, are influenced by so many circunsstances, that it
becomes difficult to avoid all sources of error. Tt 1s, for-
tunately, otherwise with shape. Many of the soft parts of
animals, indeed, vary considerably in their form; according
to their condition with regard to fatness; but in all the
hard parts; or those which are in constant exercise; the
shape is subject to little change. The form of the bill of
birds, and the teeth 6f quadrupeds, seldom varies, while
change in the size, weight, and colour of the body, are fre-
quent. The breadth of a bird, taken from the tips of the

* In taking the dimensions of animals, a small foot-rule is usually employ-
ed; but a piece of tape, with the divisions marked upon it; is in many cases
more convenient. For the determination of the weight, a tube, with a spiral
steel-wire and index, is the most expeditious. Allowance should be madc
for the loss of blood the animal may have sustained, or the increase to its
weight from the shot with which it has been killed. In the case of smal¥
birds, the last precaution is indispensably necessary.

n 2



116 PHILOSOPHY OF ZOOLOGY.

extended wings, is not always the same, in the individuals
of the same species. But the outline of the wing, where ail
the feathers are at full growth,” and the shape of the fea-
thers, especially the primaries, furnish characters which may
be confided in. The more specific the purpose of any organ,
or any part of an organ; the fewer variations take place in
the forms which are exhibited.

It is a matter of regret, that hitherto so little attention
‘has been paid to the characters furnished by the shape, in
the descriptions of animals which ‘have been drawn up.
The task is not a difficult one; and the nomenclature,
usually derived from well known forms to which definite
terms are affixed, is of easy application.

The naturalists who exclusively employ, in the classifi-
cation of animals, the marks furnished by the external cha-
racters, usually take some notice of the places to which ani-
mals resort, denominated the Station, or Habitat.

The examination of this character can only be carried on
successfully in the natural haunts of the species. In those
places, the instincts of their nature are exhibited in action; -
and we can trace the motions which are executed, and the
ends which these are destined to accomplish. When cir-
cumstances do not permit us to conduct this examination
in the situations which animals ordinarily frequent, we form
what is termed a MENaGE; and endeavour, in a confined
state, to study those manners, which, in a wild state, were
precluded from our observation. The aquatic animals are
the most difficult to preserve in a living state ;. they have,
consequently, presented so many obstacles to an examination
of their manners, that naturalists remain comparatively ig-
norant of their history.

The terms which are usually employed to express the
relations of the different parts of the animal frame, are sel-
dom so much restricted in their signification as to prevent

!
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ambiguity. Dr Barcray, inveference to the anatomy of the
human body, has succeeded, in his work on Nomenclature,
which we have had occasion to quote, in removing much
of this ambiguity, by the employment of restricted terms,
to express the conditions of position, aspect, and connection.
Were this Nomenclature generally adopted by zoologists,
much confusion, which at present prevails, might in future
be avoided. The following remarks may be of some use to
the reader, until an opportunity presents itself of consult-
ing the valuable Work of this distingnished anatomist.

The Mesial Plane is supposed to be perpendicular to the
horizon, when a horse, for example, is standing in a natural
position, and it divides the body, from back to breast, and
from the head to the opposite extremity, in two equal parts.
The edge of this plane, passing along the back, is termed
the Dorsal, while the opposite edge, passing aleng the belly,
is termed the Ventral edge. Dr Barcray terms this last
edge the Sternal. Strong objections occur to the use of
this term, in such an extended sense. The terms, back and
belly, which the terms dorsal and ventral express, are used
in their most extended sense, to denote the whole extent of
both edges of the mesial plane, and are applicable to nearly
every animal. The term sternal, from stcrnum, expresses
only a small portion of one of these edges, and is alone ap-
plicable to the vertebral animals.

If we restrict the phrases, dorsal and ventral, to express.
the edges of the mesial plane, By what terms shall we de-
signate its extremitics? The terms coronal and sacral,
which sufficiently mark the terminations of the mesial plane
in man, would indicate, in the lower animals, places consi-
derably removed from either end. It would be of import-
ance, therefore, to avoid the use of phrases so very limited
in their application, or, when extended, too apt to mislead
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Perhaps the terms anteal and retral may appear appro-
priate, the former expressing the extremity at the head, the
latter its opposite.

The lateral plane is supposed to intersect the mesial plane
at right angles. Tts extremities are designated by the same
terms ; but its edges are termed deatral or sinistral, accord-
ing as they are situated on the right or left sides, the hu-
man body being the standard.

‘When the body is flattened along the edges of any of
these planes, there are particular terms used which express
this condition. Thus depression refers to a flattening on
the dorsal aspect, while compression indicates the flattening
to be on the side. .

The length of the body is usually measured along the
mesial, and the breadth across the lateral, plane.

Instead of the terms internal and external, those of cen-
tral and dermal, or peripheral, have been substituted with
propriety. The term dermal applies to the skin, or exterior
covering of the body, or any organ; while the term peri.
pheral expresses the surface of any included organ.

All these terms, which thus end in ar or al, are adjec-
tives, and are restricted in their signification by the addi-
tion of the terms position, connection, or aspect. 'Thus, the

\ orifice of an organ, with a central aspect, will indicate its
direction towards the centre. An organ having a sternal
position, is one situated at or near the sternum whlle ster-
nal connection would intimate its union with the sternum.

As these terms frequently occur in composition, where
their use as adjectives would render circumlocution neces-
sary, the learned author of the work on Anatomical Nomen-
clature already alluded to, recommends their conversion into
adverbs,by uniting to them the termination ad,(or ratherade,
which is similar). - This, however, is a termination in the Eng-
lish language appropriated to substantives, and invariably
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expresses repetition of the same quantity, or continuation.
Its use is by no means necessary, as many of these adjec-
tives, having the termination Jy, are already employed in
the English language as adverbs, as centrally, and laterally ;
and all the others can admit easily of a similar change.
The termination en has likewise been proposed, to limit
these different terms, to express connection. In the Eng-
lish language, this termination, when not a sign of the plu-
ral, usually expresses composition. Besides, it. is seldom
that, in description, we are called upon to express simply
connection. It is necessary that we express the kind of con-
nection. Thus, a radien muscle may be regarded as one
patticularly connected with the radius, but the kind of
connection is not stated. On the other hand, a muscle of
radial origin or insertion, is one, the connection of which
is thus shortly and distinctly expressed.

In many cases, when speaking of the extremities of an
organ, we may use the terms central, baselar, or proximal,
to express the one which is situated nearest to the body, or
its centre ; and peripheral, dermal, or distal, to express the
other which is most remote. The base and apex, the fixved
and fiee extremity, are terms which may sometimes be sub-
stituted with advantage.

It must appear obvious, that, with all the knowledge
which external characters can convey, there is yet wanting a
great deal of information respecting those conditions of
structure which influence the manners of species, limit their
actions, and give indications of their natural alliances.
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CHAP. II.

INTRNAL CHARACTERS.

TuE examination of the internal characters of animals has
- hitherto been chiefly carried on by those who have practised
the art of dissecting, as connected with medical studies.
Among many naturalists, the examination of the structure
of animals is considered unfiecessary, with a view to their
classification, however useful it may be to the physiologist.
"There has resulted from this neglect a superficial method of
examining, describing, and arranging animals, observable in
many works on zoology ; great importance being attached to
characters drawn from organs remotely connected ‘with those
most essential in the functions of life. Sounder views, how-
ever, arc now entertained by the most distinguished sup-
porters of the science The internal structure of animals is.
now investigated, in order to explain their functions; and
the methods of classification which are employed, owe their
stability to the justness of the views entertained of their pecu-
liar organisation. The employmentofthe external characters
requires little labour or reflection, and the accuracy of the
results is at all times doubtful. The use of the internal
characters presupposes considerable exertion and patience,
but the results are to ‘be depended upon. Manual dex-
terity is indeed requisite, but it can be acquired by prac-
tice.

In order to examine the internal structure of an animal
with any degree of success, some attention is required to its
condition at death. Inmany molluscous animals, the or-
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gans are found in such a state of contraction, that it is dif-
fieult to determine either theirdform or structure; the feel-
ers are withdrawn; the entrance to the pulmonary cavity
is closed, and the whole body distorted. These evils may
be in some meastire removed, by suffering the animal to die
slowly in water ; by dropping it, when in an expanded state,
into boiling water, or by removing the shell. In many cases,
where immediate dissection is impracticable, the amimal is
immersed and preserved in spirits of wine. In this state,
however, every part becomes corrugated, and the dissection,
at a subsequent period, requires the cautious maceration of
the parts in water, and furnishes results which are not al-
ways to be depended upon. Previous to the disscction of
animals, with soft external parts, variable in the forms, it
is of great importance to observe their characters in a living
state, the forms which they assume, and the motions they.
are capable of performing. The errors which have result-
ed from the absence of this previous knowledge, are, we
fear, numerous.

In the course of dissection, it is necessary to keep the
subject under examination in a steady position. In the
larger animals, the methods of accomplishing this end are
obvious. In the smaller kinds, which are soft, it is conve-
nient to place them on a board, covered with cork or soft
wax, to which they can be fixed by long pins; when hard,
it is usual to employ a vice or forceps.

In examining the character of the soft parts of animals,
in air, it is frequently impracticable to prevent the differ-
ent portions from pressing upon one another, and interrupt-
ing the progress of dissection. This evil is casily obviat-
ed, by performing the operation in water. The surround-
ng fluid suspends the different parts, and keeps them in a
natural position, and enables the eye more rcadily to dis-
cover their structure and connection.  In tracing the visce-
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ra of molluscous animals, insects and worms, it is impos-
sible, without the use of water, to obtain any satisfactory
views of their position. The subjects may be kept steady
in the water, by having the bottom lined with cork or wax
to hold the pins. Where very transparent objects are ex-
amined, the bottom of the vessel may be of glass, covered
with wax, except a circular spot in the middle, on which
the parts to be examined may be placed, and light trans-
mitted through them from below.

The instruments employed in dissection, differ in their
kinds and form, according to the views or ingenuity of the
operator. Scalpels of various forms are used for the mere
cutting part of the operation. Fine pointed sharp scissars,
make a cleaner cut than any knife, and leave the parts
more nearly in their natural and relative position. In tra-
cing the course of vessels or muscular fibres, where the ob-
ject is not to cut, but to unravel or separate, a needle is
usually employed, or,-in some cases, where the surround-
ing matter is very soft, the point of a hair-brush forms an
advantageous substitute.

Besides the preparatory circumstances which have been
thus shortly noticed, a varicty of processes of a chemical and
mechanical nature, are employed in the course of dissec-
tion, which, in many cases, are indispensably necessary to
ensure success. 'The following merit some notice in this

_ place.

1. Maceration.—Water is the fluid most extensively used
in this process. When the soft parts of animals are im-
mersed in it for a time, they swell and exhibit more clearly
their intimate structure. If the immersion is prolonged,
the more soluble parts are abstracted, and the framework
of the organ left more fully exposed to view. Tt is some-
_times necessary to press out the water gently, after it has
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remained for some time, and substitute a fresh portion in
its stead.  If the object has remained a sufficient length of
time, the different layers of which it consists will separate
easily, and a structure will be developed, which its original
appearance would not have led one to expect.

The principal use of maceration in water is to separate
the softer parts, and to expose the denser framework of the
organs. It is, however, in many cases expedient to reverse
this process, to abstract the hard parts, with the view of ob-
serving the distribution of the softer parts. The macerat-
ing fluid employed in this case is an acid, usually the mu-
riatic, diluted with water, as this menstruum exercises but
a feeble action on the soft parts. ' When bones, shells, or
corals, are steeped in a fluid of this kind, the carthy matter
is abstracted, and the cartilaginous basis is left behind,
exhibiting in its arrangement its mode of growth and inti-
mate structure. *)

Frequently, the organs are so much covered with fat,
as to be concealed from the view of the observer, and to be
n a great measure protected from the action both of wa-
ter and acids. In such cases, oil of turpentine is usually
employed, in which the fat readily dissolves. This method
was successfully employed by SwammERDANM, in his exami.
nation of the viscera of insects.

2. Coagulation.—Many small animals, and some of the
parts of larger animals, are so soft and tender, as scarcely
to admit of examination in their natural state. In some
cases they are exposed to cold and suffered to freeze. In
general, however, the requisite degree of firmness is com-
municated to them, by immersing them in alcohol or vi-
negar. In many cases, in attempting to trace the course
of vessels, their walls are found so thin, and their ¢ontents
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so fluid, as to render the examination extremely difficult.
Where the contained fluid is of an albuminous nature, as
in the ordinary circulating fluids, its coagulation is easily
effected by alcohol or vinegar. Sometimes sudden immer-
sion in boiling water is more convenient. “Where the con-
tents of the vessel are chiefly gelatine, as in the dorsal ves-
sel of insects, fannin has been successfully employed in its
coagulation.

8. Injection.— Although the veins are found filled, af-
ter death, with the blood of the animal, which, by being
coagulated, enables us readily to trace their course, yet the
arteries are frequently in an empty state. It is usual to inject
these and other empty vessels, with air from a blowpipe or
glass tube, by which their dimensions and distributions are
more distinetly displayed. Instead of air, water is some-
times used, either in its natural state, or charged with glue,
which’ gelatinises upon cooling, or with’ different colours,
to point out more clearly the direction of the different parts.
Quicksilver is likewise frequently employed, where the
coats of the vessels are of sufficient strength to resist its
weight. Another kind of injection is formed, of a mixture
of bees-wax, resin, turpentine, and colouring matter, which,
when cold, is sufficiently firm to exhibit the ramifications
of the vessels in their natural position *. In some cases,
the exterior vessels are corroded by diluted nitric acid, for
the purpose of exhibiting more distinctly the wax casts of
their interior. The cavities of the bones of the ear, of

* Those who wish to become acquainted with the art of injecting, and
preparing the organs of animals, may consult, with advantage, ¢ The Ana-
tomical Instructor,” by Thomas Pole, 12mo, London 1813,

¥
¥
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shells and corals, are filled with wax, or even metal, and
the external parts then abstracted by acids.

In many animals of small size, it is impossible to obtain
satisfactory information concerning their internal structure.
The relations of such, therefore, with other animals, can
only be guessed at, under the guidance of analogy. Since
the examination of the external appearances of animals has
been conducted with care, and extended to the minuter
distinctions of form, naturalists are now better qualified,
by a knowledge of the degree of resemblance, to determine
what value is to be attached to external characters, as in-
difications of internal structure. Formerly, a very few
points of resemblance were considered sufficient to warrant
the inference of similarity in internal structure, and justify
the insertion of the species.thus compared, in the same
genus. Such hasty combinations are frequent with Lin-
naus, especially among the mollusca. From a slight re-
semblance in the form of the aperture of the shell, he in-
cluded in the same genus, animals which breathe by means
of gills and lungs, which are oviparous and ovoviparous,
which have the sexes separate or united in the same indivi-
dual. The repeated exposure of such incongruous confor-
mations has led naturalists, before inferring a resemblance
of internal structure, to be convinced that there is a very
strong resemblance externally ; and even with all this cau-
tion, it may be questioned if a resemblance of external form
warrants the conclusion of a similarity of internal structure.
Yet, perhaps, nine-tenths of the species of animals which
are known, rest their claims to their present place in the
system, to the adoption of such a rule. = Every year, how-
ever, demonstrates its fallacy, and produces corresponding
revolutions in the systems of arrangement.

In the case of small animals, the external characters and
internal structure of which cannot be investigated by any of
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the methods already pointed out, another instrument is em
ployed, the Microscope—scarcely more remarkable for the
extent of discovery which it has yielded, than for its
fruitfulness of error. In using this instrument, so much
depends on the dexterity of the observer, the condition of
the‘eye, and the distribution of the light, that it is exceed<
ingly difficult to avoid error. We have already pointed
out, in the case of the shape of the globules of the blood, a
very remarkable example of discordant results, in the micro-
scopical examination of thesame object by different observers.
Numerous examples of the same kind might be referred to,
in the highly magnified representations of the parts of the
same animals, as given by different naturalists. Indeed,
no great-confidence can be reposed in the accuracy of such
designs, where the sources of deception are so numerousy
and where the imagination is often permitted to guide the
hand, while delmeaunor appearances but obscurely per-
ceived by the eye.

In the examination of objects with the microscope, it is
of great importance to employ, at the first, a small magni-
fying power, to enable the eye to take in at one view a
considerable extent of surface, and perceive the relative po-
sition of the different parts. Higher magnifiers may then
be applied in succession. Single lenses are seldom used,
where the focus is less than one-fifth part of aninch. At
this focal distance, it becomes exceedingly difficult to avoid
touching the objects, and if their surface is unequal, the
relation of the small portion which is distinctly seen, can-
not be traced to the surrounding parts, the image of which
is obscure. It is of importance, therefore, to endeavour to
gain a distinct, rather than a highly magnified image of an
object.

The compound. microscope is chiefly employed where
amusement is the object in view. In- using it, the eye is
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not so much fatigued, as the image of the object appears
under a greater angle, and of an agreeable softness. But
when we attempt to employ this instrument for the
purposes of discovery, there is reason to complain of the
want of distinctness in the image, and the ill-defined ap-
pearance of its outline. Single microscopes have, there-
fore, obtained the preference among naturalists, and have
yielded all the most valuable information concerning minute
objects which we possess. They were employed by Lerv-
WENHOECK, SPALLANZANI, Errisand MuLLER. The most
convenient form of the instrument, is the one which was em-
ployed by Ervris, (with the addition of rackwork to move
the stage and arm of the lens), and described by him in his
essay on Corallines. The pocket-glass or ITand Megaloscope,
is the simplest form of the single microscope, and constitutes

a necessary part of the travelling apparatus (or rather daily
dress) of the zoologist.

In the examination of objects with the microscope, it is
of 1mportance so to manafre the light, as to cause the rays
which illuminate the ob_)ect proceed from one point. This,
in the case of the sun, is easily effected by making the rays
enter through a hole in the window-shutter, or, when a
lamp is used, the rays may be reccived through a hole in
a sheet of pastboard, and all the superfluous ones excluded.
The intensity of the light may be increased by a conden-
sing lens, or diminished by the interposition of plates of 'mi-
ca or glass:

When animals arc examinéd in water, it is frequently
a matter of considerable difficulty, to keep the lens from

touching the surface of the fluid, displacing the object, and
deranging the investigation. If the lens, however, be
fixed in its socket by means of wax, so as to prevent the
water reaching to the upper surface, it may be kept immers-
ed in the ﬁuld and much practical advantage obtained
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from its situation. There is, indeed, a considerable loss of
magnifying power, which may be supplied by the addition
of an eye-glass *, or second lens.

The preceding remarks on the methods of investigating
the external and internal characters of animals, indicate the
means used in acquiring accurate zoological knowledge. It
is now necessary to enquire into the different methods em-
ployed in communicating this information to others, and
to point out their advantages or defects. Descriptions,
drawings and preparations are those in common use.

1. Descriptions.—In attempting to communicate a dis-
tinct representation-of scenery, it is, in general, necessary
to avoid a minute detail of circumstances, and rather to
make choice of those prominent characters which have
made the deepest impression on our own minds. The use

“of description in this case, is merely to convey an outline,
which the imagination is afterwards to fill up. The end in
view, in giving descriptions of objects in natural history, is
widely different. Each description is intended to serve as
a standard of comparison, and its excellence, consequently,
depends on the accuracy and minuteness of details. “If we
record merely the more obvious appearances of the indivi-

* Dr BrEwsTER, in his valuable ¢ Treatise on New Philosophical Instru-
ments,” gives thc following directions for fitting up a microscope for in-
specting objects in water. ¢ The object-glass of the compound micro-
scope, should have the radius of the immersed surface about nine times the
focal distance of the lens, and the side next the eye, about three-fifths of the
same distance. This lens should be fixed in its tube with a cement which
will resist the action of water or spirits of wine ; and the tube, or the part
of it which holds the lens, should have an universal motion, so that the axis
of the lens may coincide to the utmost exactness with the axis of the tubes
which contain the other glasses.”
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duals of a species, we shall probably fix upon those cha-
racters which distinguish the genus, and which are, there«
fore, common to all the species which it includes.

The descriptions in Natural History are daily becoming
more laboured in their details. This arises from the in-
crease of species, and the necessity of determining the cha-
racters on which their claim depends. Parts are now stu-
died with care, as furnishing specific marks which were for-
merly overlooked as useless, and the characters by which
species were designated, are now employed to distinguish
families or orders. 2

In Great Britain, during the latter half of the last cen-
tury, descriptions of animals were usually drawn up in a
very superficial manner. The internal structure was in a
great measure overlooked, and the more obvious varieties
of colour were selected, rather than the more characteristic
appearances of the shape. Such, generally, are the de-
scriptions of PENNANT, SHAW, DENOVAN, and even Mox-
taeu. This is the more surprising, as the eminent na-
turalists who flourished towards the end of the seventeenth
and beginning of the eighteenth centuries (the golden age of
British Zoology), excelled in the minute details with which
their descriptions abounded. The writings of LisrEg,
WirLovcHBY, Ray and Eruss, furnish very striking ex-
amples.

It would contribute greatly to the progress of the
Science of Zoology, if the descriptions of species were drawn
up in reference to all the different organs, and in the order
in which they have been already detailed, with additional
notices of their physical and geographical distribution. The
observations which have already been made, could, in this
manner, be readily classificd, and the blanks which require
to be filled up would become more apparent.

VOL. II. X
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2. Drawings.~It is often impracticable to' convey a
correct idea of the characters of an animal, by any descrip-
tion, however minute in its details. Many relations of
parts, and many gradations of form, may be perceived by
the eye, which words are unable to express. Drawings,
therefore, have been resorted to, and have largely contric
buted to the progress of the science,

In the execution of drawings of zoological objects, the
greatest attention should be bestowed on the delineation of
those characters which are most intimately connected with
organization, and which are, consequently, most permanent.
The shape-of the body should be carefully studied, and the
peculiar form of the component organs. When these are
faithfully delineated, as they have appeared in the progress
of the investigation, a perfect representation of the object -
may be communicated. .

Coloured drawings of animals are eagerly sought after:
They please the eye, and frequently furnish, at"a glance,
the most marked peculiarities of a species. They are at-
tended, however, with great expence, and can only be
purchased by those whose wealth usually leads them to
seck after other pleasures than science affords. Fortunate.
ly for zoology, they are not necessary to its progress. Co-
lour is the least important character which is'employed, and
can safely be dispensed with, where peculiarities of form
have been faithfully delineated. Indeed, we fearthat co-
loured drawings have retarded, rather than promoted, the
science of zoolog , by diverting the attention from the
form and structure of the organs, which are more immedi-
ately connected with the functions of life.

So much attention is required, in executing drawings
of animals, to the minute peculiarities of form, that ever.
an_cxperienced artist is apt to overlook the most essens

¥
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tial characters, The closest inspection of the drawings
should therefore be practised by the eyc that has regula-
ted the investigation. The young zoologist ought to study
the art of drawing himself, by which his progress would be
greatly facilitated, and more accurate results obtained.

Even after the drawings of the objects have been exe-
cuted with fidelity, there is some risk of errors being intro-
duced in the course of the engraving, in order to suit pro-
fessional taste *.

8. Specimens.~The exhibition of a collection of objects
in zoology, well preserved, is calculated to excite an inter-
est in the Science, to refresh the memory, and furnish stand-
ards with which newly discovered objects may be compared.
Such a collection is usually termed a Muscum, and the spe-
cimens which it contains, are either exhibited in a dried
state, or immersed in spirits of wine.

Many of the hard parts of animals, as corals and shells,
require little trouble in their preparation. They ought to
be freed from extraneous matter, and made clean by mace-
ration in water, aided by the use of a soft brush. Mace-
ration in fresh water is absolutely necessary for the preser-
* vation of marine objects. When this is neglected, the salt
which they retain becomes moist in damp weather, and ne-
ver fails to injure the specimen. In the preservation of
bones, it is necessary to remove all the adhering flesh, and
to extract the fat. They may then be articulated by wires in
their natural position +. 12

* Many of the figures copied into the ¢ British Zoology,” of PenxanT,
have been greatly spoiled by alterations of this kind. The figure ofthe Blunt
Headed Cachalot, for example, which, he says, was copied from the one by
Roszrtson, Phil. Trans. 1770, vol. 1x.’ p. 321 Tab. ix., is as unlike the
original as can well be supposed.

+ The following directions for cleaning and preparing bones, are given
by Mr Por, and may serve to guide the student in all similar operations.
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Many of the parts of animals, which can be dried with-
out losing their form, as the skins of many quadrupeds and
birds, are afterwards subject to be attacked by insects, and

¢ As much of the fleshy parts should be taken from bones intended for pre-
paration, as can conveniently be done; but it is not necessary they should be
separated from each other, more than is required for the convenience of
placing them in a vessel for the purpose of maceration, as in this process
it will readily take place. The bones are to be laid in clean water, of such
a depth as entirely to cover them, which water should be changed every day
for about a week, oras long as it becomes discoloured with blood ; then permit
them to remain without changing, till pﬁtrefaction has thoroughly destroyed
all the remaining flesh and ligaments; this will require from three to six
months, more or less, according to the season of the year, or temperature of
the atmosphere, &c. In the extremities of the large cylindrical bones, holes
should be bored about the size of a swan’s quill, to give the water access to
their cavities, and a free exit to the medullary substance. As by evaporation
the water will diminish, there should be more added, from time to time,
that none of the bones, or any part of them, may be suffered to remain un-
covered, as by exposure they would acquire a disagreeable blackness, and
lose one of the greatest ornaments of a skeleton,—a fine, white, ivory com-
plexion, It will be necessary, in order to preserve the skeleton as clean as
possible, especially in London, and other large cities, where the atmosphere
abounds with particles of soot and other impurities, to keep the macerating
vessels always closely covered ; as from neglect of this, the water will acquire
so much of ity as to blacken the bones. When the putrefaction has destroy-
ed the ligaments, &c. the bones are then fit for cleaning ; this is done by
means of scraping off the flesh, ligaments and periosteums 3 afterwards, they
should be again laid in clean water for a few days, and well washed ; then
in lime water, or a solution of pearl-ash (two ounces of pearl.ash to a gallon
of water), for about 2 week, when they may be taken out to dry, first wash«
ing them clean from the lime or pearl-ash. In drying bones, they should not
be exposed to the rays of the sun, or before a fire, as too great a degree of
heat brings the remaining medullary oil into the compact substance of the
bones, and gives them a disagreeable oily transparency ; this is the great
objection to boiling of bones, for the purpose of making skeletons, as the
heat applied in that way has the same effect, unless they are boiled in the
solution of pearl-ash, which some are of opinion is one of the most effectual
methods of whitening them, by its destroying the oil. Bleaching is, of all
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speedily destroyed. Various methods have been resorted
to, in order to guard against these depredators. If the
specimens are occasionally baked in an oven, the eggs and
larvae of many insects will be destroyed, but it is scarcely
possible by heat alone to kill them all, without injuring the
specimens. The protecting method which has been re-
sorted to, consists in incorporating with the substance of
the specimen, some poisonous ingredient, which shall prove
fatal to any animal that ventures to feed upon it. The two
substances which are now universally employed for this
end, are corrosive sublimate or oxymuriat of mercury, and
the common white oxide of arsenic.

The corrosive sublimate is usually kept unmixed, and
in a state of solution in water or alcohol. This solytion is
applied to all the parts of the preparation with a brush.
Although an effectual preventive of the attacks of vermin,
it scarcely possesses sufficient antiseptic powers to resist the

methods, the most effectual, where it can be done to its greatest advantage,
that is in a pure air; and more especially on a sea-shore, where they can be
daily washed with salt-water.” Anratomical Instruetor, p. 99. In order to
make natural skeletons of small animals, he adds, ¢ Mice, small birds, &c.
may be put into a box, of proper size, in which holes are bored on all sides ;
and then burried in an ant-hill, when the ants will enter numerously at the
holes, and eat away all the fleshy parts, leaving only the bones and connec-
ting ligaments : They may be afterwards macerated in clean water for a

day or two, to extract the bloody matter, and to cleanse them from any dirt
they may have acquired 3 then whitened by lime or alum-water, and dried
in frames, or otherwise as may be most convenient. In country places, I
have sometimes employed wasps for this purpose, placing the subject near
one of their nests. or in any empty sugar cask where they resort in great
plenty 5 they perform the dissection with much greater expedition, and e-
qually as well as the ants. I have seen them clean the skeleton of a mouse in

two or three hours, when the ants would require a week.” P. 105. Anoint.

ing the animals with honey, after flaying them, encourages these disscctors

to begin their work.
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progress of putrefaction until the specimen is dried. To re-
medy this evil, the corrosive sublimate is kept dry, and
mixed with cqual quantities of burnt alum and tanners’
bark, or coarse snuff, reduced to a fine powder. The ap-
plication of this powder facilitates the drying of the speci-
men, and at the same time powerfully retards the tendency
to putrefaction. When the drying is completed, it will be
safe from inscct foes. Quantities of musk and camphor
are sometimes added, which conceal any disagreeable smell ;
but they may safely be omitted, as they are not necessary
to the future preservation of the object, while they add
to the expence attending its preparation.

Arsenic has, in a great measure, usurped the place of
the corrosive sublimate, in the preserving powders which
arc employed at present, as it does not injure the wires
which are occasionally employed in preserving the forms of
the specimens. But neither of these powders can be used in
the preservation of animals, without incurring the risk
of some of the parts drying too quickly, and proving
inconvenient to the operator. These evils, however, are
removed by the use of the arsenicared soap, which is usually
made as follows: White oxide of arsenic and soap, two
pounds each; sub-carbonat of potash, twelve ounces; quick-
lime, four ounces; and camphor five ounces; the whole beat
up into a uniform mass. This mixture lathers with water
like common soap, and may be applied by means of a
brush. It does not contract and dry up the parts like the
powders, but keeps them in a soft pliable state, counteracts
the tendency to putrefaction, and effectually protects them
against the attack of insects. It appears to have been first
used in the Public Collections at Paris.

Many entire animals, and the parts of others, are of too
soft a consistence to suffer being dried, without the loss of
form and even texture. These are preserved in wide-
mouthed phials filled with alcohol. When the objects are
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large, it is proper, before immersing them, to inject a quan-
tity of the spirits into their interior, to prevent incipicnt
putrefaction, and consequent discoloration of the spirits.
In order to suspend the specimen in the fluid, it is affixed
by a thread to a float of .clean cork, or, which is much bet-
ter, of glass, and sometimes to a slip of wood fixed .across.
In many cases, the introduction of a bubble of air into the
specimen itself, by means of a blowpipe, will effectually
secure the object in view.

The greatest inconvenience that attends the use of ob-
jects preserved in alcohol, arises from the evaporation of
the spirits, and the risk of having the specimen destroy-
ed by putrefaction before the change is observed. When
the glass is closed by cork merely, the evaporation some-
times takes place very rapidly, by its capillary attraction,
and this effect is sometimes accelerated by a thread from
the object passing through the mouth of the vessel along
with the cork. The evaporation of .the spirit may be re-
tarded by giving it a thin covering of fixed oil ; or, it may
be altogether prevented, by cevering the mouth of the ves-
sel with two or three folds of bladder bound round the
edges tightly with pack-thread. If the layers of bladder
are well coated with mucilage of gum-arabic, glue, or the
white of an egg, the utmost-security will be obtained. If
a piece of tin-foil be coated on the under side with .glue,
and then tied closely over the mouth of the vessel, and
again coated with glue on the outside, and a slip of bladder
tied closely over it, every risk may be avoided. ~The sur-
face of the bladder may now be coated with coloured var-
nish, to improve the appearance of the preparation. The
advantage attending a covering of glue or mucilage, over
the common varnish frequently used, arises from their inso-
lubility in the alcohol. Objects preserved in alcohol may
be taken out for the purpose of examining their structure,
after carefully macerating them in water.
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PART III,

ON NOMENCLATURE,

T'ue ultimate object which the zoologist has in view, in
the employment of the preceding methods of investigation,
is to complete the History of qpecies For the full accom-
phshment, however, of this end, it is not only necessary to
acquire a knowledge of their structure and functions, ‘but
likewise of all their mutual relations. This last task can
only be exccuted, by calling to aur aid the principles of ar-
rangement, and by dlsmbutm(r animals into divisions or
classes, accordmg to the characters which they exhibit. At:
tempts of this kind have been made by numerous obser-
vers; and the various systems which have been proposed,
differing from one another in the characters employed, and
the divisions recognised, intimate very plamly the difficul-
ties inseparable from the subject.

The methodlcal investigation and dlstrlbutlon of Ani-
mals, would be comparatlvely casy, if the forms and modi-
fications of the different systems of organs exhibited con-
stant mutual relations. Thus, if we consider the organs of
any system to be in their most perfect state, when they ad-
mit into their structure the greatest variety of combinations,
and exccute the greatest number of motions or functions,

5
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does it happen, that, when we have discovered in any
species, one system of organs in its most perfect state,
all the other systems may be expected to be in the same
condition. The whole history of the animal kingdom con-
tradicts such expectations of co-existing characters, and
justifies the conclusion, that, in the samc species, one or
‘more of the systems of organs may be in a perfect state, in
co-operation with others which may be considered as im-

_perfect *

* It is truly surprising to find such an observer as Cuvizr, in the face of
observations and his own experience, asserting the existence of this mutual
dependence of the different organs; or, as he is pleased to term them, the

ry conditions of existence. In ¢ his view of the Relations which ex-
ist amongst the Variations of the several Organs,” (Comp. Anat. vol. i.
p. 47.), he says, ¢ It is on this mutual dependence of the functions, and
the aid they reciprocally yield to one ahother, that the laws which 'deter-
mine the relations of their organs are founded,—laws which have their ori-
gin in a necessity equal to that of the metaphysical or mathematical laws ;
for it is evident, that a suitable harmony between organs which act on one
another, is a necessary condition of the existence of the being to which they
belong ; and that if any one of the functions were modified in a manner in-
compatible with the regulations of the others, that being could not exist.”
That such harmony prevails in every species is evident ; but instead of being
always produced by the same agents in the same state of mutual dependence,
it is maintained in the midst of a diversity of combinations, by a variety of
compensaling means, which display in the most astonishing manner, the
endless resources of the wisdom and power of the Great Creator.

In illustration of the same views, he adds, ¢ an animal, thercfore, which
can only digest flesh, must, to preserve its species, have the power of dis-
covering its prey, of pursuing it, of seizing it, of overcoming it, and tearing
it in pieces. It is necessary, then, that this animal should have a penetra-
ting eye, a quick smell, a swift motion, address, and strength in the claws
and in the jaws. Agreeably to this necessity, a sharp tooth, fitted for cut-
tiﬁg flesh, is never coexistent in the same species, with a foot covered with
horn, which can only support the animal, but with which it cannot grasp
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In order to exhibit the mutual relations of animals, by
distributing them into groups, the naturalist may employ
two different methods, which will not, however, furnish the
same results, or lead to the same combinations.

If we attend to any system of organs, we speedily dis-
cover that it exhibits in the different species a variety of mo-
difications.  In some, it exists in its simplest, in others, in
its most complex form ; and between these extremes, there
are many conditions distinguished by the presence or ab-
sence of particular parts, or by equally obvious variations
of form or structure. In reference to the cutaneous system,
we have already seen that it possesses hair in some, feathers
in others, or scales, shells, or crusts, while in many, it is
destitute of these appendices. - We have here both positive

aﬁy thing ; hence the law by which all hoofed animals are herbivorous,
and also those still more detailed laws which are but corollaries of the first,
that hoofs indicate dentes molares with flat crowns, & very long alimentary
canal, a capacious or multiplied stomach, and several other relations of the
same kind.” P. 5. This specious reasoning, would certainly lead to the
-admission of these necessary laws of co-existence, were the statements advan-
ced correctin all their bearings. But the operations of Nature are not re-
strained by such trammels. Quadrupeds possessing the eommon quality of
being carnivorous, have not all the same number of teeth, nor of the same
shape, neither the same kind of stomach or intestines. Again, all herbivo-
rous animals are not hoofed, for many of them are digitated as the hare. All
hoofed animals have not flat crowned teeth, like the bull, nor pointed teeth
like the boar, nor a simple stomach like the horse, nor deciduous horns like
the stag, nor a reservoir for drink like the camel, nor digestive organs that
do not require any like the sheep. Indeed, the number of varieties included
under one species, the number of species belonging to & genus, and the num-
ber of genera in an order, intimate the variableness of the conditions of co-
existence, and the absence of those supposed laws of relation, the beliefin the

mathematical necessity of which, has contributed to augment the clumsy fabric
of modern Materialism.” f
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and negative characters, ‘with which to construct the pri-
mary divisions. In the first division, subordinate groups
may be formed, distinguished by the terms Pilose, Plu-
mose, Squamous, Testaceous and Crustaccous. Each group
might be farther subdivided by the numerous modifications
which these cuticular appendices exhibit. If we pursue the
same course with any of the other systems,—the motive,
sentient, nutritive or reproductive, each will exhibit peculi-
ar classes and orders. If we attempt, therefore, to classify
animals in this manner, we shall obtain as many Natural
Methods of classification as there are Systems of Organs.

The advantages attending the classification of animals,
by the systems of organs they possess, are numerous. We
are able, in this manner, to comprehend all the modifica-
tions of form, structure, and function, of which an or-
gan is susceptible, and consequently to become better ac-
quainted with its relations and its uses. But, at the same
time, it would be inconvenient to have so many different
primary divisions, and to have the characters of a species so
divided and separated, that for the right understanding of
the whole, it would be necessary to consult the divisions of
eight or ten different classes. - This mode of classifying
animals by their different systems of organs, though the
only one entitled to the appellation of a Natural Method,
has scarcely ever been practised by zoologists, unless in
detached physiological disquisitions.

If we employ, exclusively, as the basis of our classi-
fication, any onc of the systems of organs, we shall find,
that having formed a natural genus from the obvious
marks which it furnishes, it shall contain species differing
greatly from cach other in the characters exhibited by one
or more of the remaining organs of the other systems. The
genus Helix of Linnaeus, is a natural genus in reference to
a portion of the cutancous system, the shell, butit exhibits in
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the characters of sentient, nutritive, and reproductive sys-
tems of the species, artificial combinations. Even when
there is a very close agreement among the species, in re-
gard to several systems of organs, remarkable differences
prevail in the functions of others. The genus Lepus,
universally considered as a natural one, may serve as an
illustration, by contrasting two of the best known spe-
cies, the hare and rabbit, These animals so nearly re-
semble each other in form and structure, that it has puz-
zled the most experienced zoologists to assign definite
distinguishing marks*. Yet there are many circumstan-
ces in which they,differ (besides the colour of the flesh,
when boiled, and their manner of escaping from their foes),
in reference to the reproductive system. The nest of the
hare is open, constructed without care, and destitute of a
lining of fur. The nest of the rabbit is concealed in a hole
of the earth, constructed of dried plants, and lined with fur
which is pulled from its own body. The young of the hare
at birth, have their eyes and ears perfect, their legs in a
condition for running, and their bodies covered with fur,
The young of the rabbit at birth, have their eyes and ears
closed, are unable to travel, and are naked. The maternal
dauties of the hare are few in number, and consist in licking
the young dry at first, and supplying them regularly with
food. 'Those of the rabbit are more numerous, and con-
sist of the additional duties of keeping the young in a
suitable state of cleanliness and warmth. - The circumstan-
ces attending the birth of a hare are analogous to those of
a horse, while those of the rabbit more nearly resemble the

fox. This illustration furnishes a very striking example of

® Thereis a paper by the Honourable Darnes BARR1NGTON, containing
an “Investigation of the specific Characters which distinguish the Rabbit

from the Hare.” Phil. Trans. 1772, p. 4.
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the danger of trusting to analogy, since very remarkable
differences may prevail, even where the points of resem-
blance are very numerous, and justifies us in concluding, that
in @ natural genus there are artificial combinations.

In the formation of classes and orders from the charae-
ters furnished by one system of organs, arbitrarily sclected,
we are in danger of being misled, by considering all the
parts of that system of equal importance to its functions.
This, however, is very far from being the case. There is
frequently an intermixture of the organs of different sys-
tems, so that we are apt to be led away from the one we
resolved to employ, and to use the characters of the
organs of another system, which, even in' their most perfect
form, we had deliberately rejected. Thus, in examining
the gills of fishes, we may confine our observation to the
number, extent of surface, and mode of attachment of the
red parts, which are subservient to the purposes of respi-
ration. But if weextend our observations to the central
surface of the arches of those with free gills, we enter the
sphere of the organs of deglutition. Errors of this kind
are frequently committed even by experienced observers.

The Natural Method of classifying animals by the dif-
ferent systems of organs they possess, being inconvenient
in its application, and the Artificial Method, consisting in
the exclusive employment of any one system of organs,
producing incongruous combinations, a Mixed Method has
been adopted by many naturalists, which appears to answer -
every useful purpose. The characters which are employ-
ed in the construction of this last method, are derived from
all the systems of organs, and the subordinate parts of
these, assigning as the test of their importance, the extent
of their occurrence and of their influcnee.

The characters which are of universal occurrence, are
to be considered as the distinguishing marks of the subjects
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of the animal kingdom. 'These are few in number, and
nave already come under our consideration *. If we lay
aside these, and attentively examine the remaining charac-
ters, we shall find some of them common to extensive
groups, while others make their appearance in a small num-
ber of species. If we take a hundred species, for example,
it will be practicable, in many cases, to discover characters
which are common to nearlyfifty of these, but whichare either
absent or incorporated with other characters in the remain-
der. We thus obtain two classes of fifty each, the one dis-
tinguished by a positive, the other by a negative mark.
If we procure an animal, and wish to determine to which of’
these hundred species it belongs, we first determine its
class, from its positive or negative characters, and we are
thus saved the trouble of comparing it with the fifty species
of the class to which it does not belong. If we subject
cach of these classes to a similar examination as that which
led to their discovery, we may be able to effect a similar
twofold division, and thus facilitate, in an equal degree,
the labour of the comparison. If we proceed in this man-
ner, halving every successive division, we shall ultimately
reach that limited number of species with which the indi-
vidual we possess can be readily compared.

It must appear obvious, that, by this mode of classifica-
tion, a great deal of tedious and useless repetitions will
be avoided in the descriptions of species, and the enu-
meration of the marks of genera. The characters of the
class will comprehend all the properties common to its
orders, genera, and species. 'The characters of the order
will include all the properties common to its genera and
species. 'The characters of the genus will include all
the properties common to the species; and in the de-
scription of a species, it will only be necessary to enumerate

* Vol i. chap. 3.

I
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those modifications of character which constitute the pece-
liarities of its vital principle. 1In giving the characters of
a species, we are apt tointroduce those which are co-exten-
sive with the genus or order to which it belongs. In the
enumeration of the characters of what are falsely termed
by modern zoologists natural genera, such repetitions pre-
vail to a very inconvenient extent, and in some measure re-
tard rather than promote the interests of science.

The employment of the twofold method of division, by
positive and negative characters, is so obvious in its expres-
sion, and so easy of application, that the reluctance which
many naturalists seem to display in using it, may well excite
our surprise. It would keep in check that rage for innova-
tion, which so peculiarly marks many modern cultivators
of the science, by assigning the limits within which it might
be exercised, and it would direct their efforts to fill up the
blanks which remain, instead of amusing themselves witlx
new systems, fabricated one day, and destroyed another.
This method, however, may be considered as yet in its in-
fancy, but its adoption appears to me to be the only re-
medy hitherto devised for checking those fluctuations which
have deservedly exposed the systems of natural history to
ridicule ; and for rendering the progress of zoology steady
and triumphant.
~ In selecting the characters by which we are to be guided
in the formation of classes and orders, there will be some
room for difference of opinion. This, however, may be
considerably diminished, by considering that those charac-
ters which are of easiest detection, and which produce the
most equal division of species, in all cases, deserve the pre-
ference. ' Judging by these rules, the twofold division of
animals into vertebral and invertebral, is preferable to their
division into such as have the nervous matter apparent,
and such as have it concealed or disseminated, The one
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set of charactefs is easily recognised, and keeps together
gredt number of animals, in which the systems of organs -
exhibit the same general structure. So apparent, indeed,
are the characters of the former groups, that they have been
recognised by ArisTorLE; RAY, and many modern authors.

When we employ a threefold method of primary divi-
sion, as LINN£vs, or a fourfold as CuviER, we are obliged
to make use of more characters than one in their construc-
tion, and depart from that unity of principle to which the
twofold method can exclusively lay claim ; in other words,
it becomes impossible to assign any limits to the number of
the primary classes. If we employ one character, it must ei-
ther be positive or negative. The negative is indivisible, but
the positive is susceptible of inferior arrangement, from the
numerous modifications of the organs from which it has
been derived. If, instead of making divisions, from the
modification of the positive character, or from its negative,
we make each of our primary divisions from positive charac-
ters, in that case, their numbers must necessarily equal the
number of systems of organs which animals possess, and
the same animal must have a place assigned it in each class
(or in several of them,)—a method of classification which,
we have already said, is natural, but which has been de-
clared inadmissable.

The primary divisions of Linngus, which are three in
number, may serve to illustrate some of these remarks.

1. Coxr biloculare, biauritum ; sanguine calido, rubro.
(Mammalia, Aves; *.) :

2. Cor uniloculare, uniauritum ; sanguine frigido, rubro.
(Ampbhibia, Pisces.)

3. Cor unmiloculare, inauritum ; sanie frigida, albida..

(Insecta, Vermes.)

* Systema Naturee, Holmiee, 1766, i. p. 79
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1t is here assumed, that a heart exists in all animals, and
that the modifications which it exhibits, are best adapted for
the construction of the primary divisions. It was, how-
ever, well known to Linnzgus himself, that the existence
of a heart in many vermes, had not been demonstrated,
and that its occurrence was not even probable. If he had
resolved to employ the heart as the basis of his classifica-
tion, he ought to have formed his divisions from the cir-
cumstance of some animals having a heart, while others
have nothing analogous to that organ. But, even after
having made choice of its modifications, we still find him
departing from that unity of principle which alone is com-
patible with precision. The heart having two auricles and
two ventricles, distinguished one class sufficiently from the
other, in which one auricle and one ventricle only were
present. In the formation, however, of his third class, he
has recourse to a repetition of the term uniloculare, by which
it becomes obvious that it is merely a modification of his
second class. But it may be said, that this third class is
distinguished from the second by a negative character in-
auritum. It is obvious, however, that the characters uni-
auritum and inauritum, occupy a subordinate rank to wni-
loculare, and should mark orders, not classes. It is like-
wise unfortunate, that this character should be false in re-
ference to several of the tribes which it includes. ~ There
is a new character introduced into the third class, which
shews very plainly the obstacles which presented them-
‘selves to the author in its formation. The circulating fluid
of the two first classes, he terms sanguis, that of the second
sanies. - It appears, however, that this character is subor-
dinate to the one which should have formed an order, as it
depends not merely on the unilocular heart, but on the ab-
sence of an auricle. The coldness of the sanies is similar
to the coldness Of\- ‘the sanguis of the second class, and it

VOL. II. ! K
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was not unknown to the author, that the white colour was
not common to all species of the class. The institution of
the third class was not here necessary, as the a.mmals which
it included obviously appeared deserving of holding the
rank of an order only in the second class. The system of
CuviIEe, though free from the error of assigning characters
to classes which do not apply to all the orders included
under it, (although in the subordinate groups this error is
of frequent occurrence), is still faulty in the employment of
modifications of positive characters, along with positive and
negative ones, in the construction of classes of the first degree.

In the application of the mixed method, by the employ-
ment of positive and negative characters, it will frequent-
ly be found difficult to obtain a division into equal num-
bers of species; one division probably including twice as
many as the other, This inequality, however, in many
cases, proceeds from the attention bestowed on the examina-~
tion of one tribe in preference to another, and perhaps from
the extinction of some  species which belonged to the pre-
sent order of animals.. Yet, whether a natural, mixed, or
artificial method be employed, there is no numerical equa-
lity among the species included under each of the divisions,

The various subdivisions which occur in the mixed, or
indeed in any other method hitherto proposed, can never
be regarded as co-ordinate, although the terms by which
they are designated intimate an equality of rank. The
same characters which form an order or genus among birds,
are not employed, or rather do not exist, in fishes; the
orders and genera of which are founded on characters de-
rived from other sources. ~There never, therefore, can ex-
ist that relative subordination of groups, in the different di-
visions, which many naturalists seem to acknowledge, by
the anxiety they display to have the same terms placed in
the same rank of succession, even where there is no neces-
sity for their employment. Zoologists have not yet ventu-
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red to form species without individuals, or genera where
there are no species ; but in a valuable work on fishes, fif-
teen orders may be observed, instituted and named, which
have no representatives in nature *. ,

In consequence of adopting a single character, derived
from a particular organ, in the construction of subdivisions,
these will be found variously related to the different cate-
gories of animals in the system. Even the positive cha-
racter of a particular organ on which a division depends,
will, in many cases, be found so modified in some of the
subdivisions, by the intermixture with the characters of
other organs, as to intimate a resemblance to other groups,
having a rank depending on very different relations.  Among
the Mammalia, the whale, by swimming, intimates its re-
semblance to fishes, and the bat, by flying, makes an ap-
proach to a bird, although vast differences exist in other
characters. However numerous the relations of a group
may appear to be with many others, it is not practicable to
make these follow one another, in reference to such gra-
dations or transitions. When a group is constituted by the
help of a positive character, it is seldom expedient to con-
stitute the subdivision from its modification, a positive
character, furnished by some other organ, being preferable.
In like manner, a group with a negative character, will be
subdivided most suitably by the employment of a positive
one.

Besides these remarks, which are of a very general na-
ture, it is necessary here to take motice particularly of
those subdivisions which are employed in Zoology, the names
by which they are designated, and the rules which are ob-

served in their construction.

® <« Histoire Naturelle des Poissons,” par le C." Lacepede, Paris, 5 vols:
Ato. 1803. e
K2
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1. SeEciks.

This term is universally employed to characterise
group, consisting of individuals possessing the greatest
number of common properties, and producing, without con-
straint, a fertile progeny.

‘The number of individuals belonging to a species, bears
no constant ratio to the numbers in. other species, even of
the same genus. In the same species, the number is sub-
ject to remarkable variations, at different times. These
changes are either produced by alterations in the physical
circumstances of their station, or by the diminution or in-
crease of their foes, their food, or their shelter.

Differences of character prevail, to a limited extent,
among individuals of the same species. These tend great-
ly ‘to embarrass the student in his investigations, and
have led to the introduction of many spurious species into
the Systems of Zoology. Some of these differences neees-
sarily prevail, as the indications of the sex; others are ac-
cidental, and constitute what are termed Varieties.

A. Sexual Differences.—These occur, more or less, in
all those species in which the male organs are seated on one
individual, and the female organs on another. In all cases,
the male is considered as the representative of the species.
While the female, in some species, differs remarkably from
the male in external characters,  there is still an agreement
in structure, with the exception of the organs of the re-
productive system, and the modifications of some parts sub-
servient to their functions. 'When a female individual
comes under notice, it is frequently very difficult, if not
impossible, to determine the species to which she belongs,
where external characters alone are employed. This diffi-
culty, in the case of birds, meets the student at every step ;
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but itin a great measure disappears, when the internal cha-
racters are chiefly relied on.

" In a domesticated state, it sometimes happens, that fe-
male birds assume the plumage of the male, when they
have ceased, from old age, to be capable of producing eggs.
This was first distinctly determined by Joux HuNTER, in
the case of the pheasant and peacock *.  Sir E. HoMmE like-
wise records an example of the same change taking place
in a duck, at the age of eight years+. Mr Tucksr, and
wmore recently, Dr BurTer, have recorded similar occur-
rences in the common fowl . The females of the last species
in the absence of the cock, may frequently be observed as-
suming the attitudes of the male, and even, according. to
ARISTOTLE, acquiring small spurs. The same illustrious
observer adds, that the cock has been known to make up
the loss of the mother to the brood, by devoting himself
entirely to the supply of their wants ||.

® ¢ Account of an extraordinary Pheasant.” Phil. Trans. 1780, and
republished in An. Econ. p. 63. <

+ Phil. Trans. 1799, p. 174, where some eases of sexual monstrosity irt
quadrupeds are noticed.

3 Mem. Wern. Soc. vol. iii. p.183. In addition to all these species which
thus change, Brumexeacu (Phys. p. 269.) refers to the Pigeon, Bustard,
and Pipra rupecola ; and BecksteiN records the Turkey.

|| Hist. Anim. ix. 49. The following singular change of character in the

. Turkey-cock, came under my own observation four years ago. While two fe-
male birds, his companions, were sitting on their eggs, he wasin the habit of
frequenting the nests occasionally. Even after the females were removed,
along with their young, he resorted to one of the nests, and continued sit-
ting for several days in succession, scarcely moving away to take food. At
length a dozen of hens’ eggs were put into the nest, and on these he sat.
regularly until they were hatched. When, however, the young chickens .
kegan to make a noise, and to break open the shell, he endeavoured to kill
t!mem with his bill, and throw them out. Only one, indecd, was saved
from his fury. After performing this tedious task of incuhatioﬁ, he return-
¢d to his ordinary habits.
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These instances of monstrosity, as they occur but sel-
dom, and chiefly in domesticated animals, present few ob-
stacles to their systematical arrangement. It is frequently,
however, a matter of considerable difficulty to determine
the sexes at an early age, and the young from mature in-
dividuals of the same species.

B. Varieties.— Although-the vital principle of every ani-
mal is restrained, in all its operations, within certain limits,
peculiar to each species, these are not so very confined as
to prevent slight alterations of character from taking place,
without disturbing the harmony of the whole.

Individuals of .the same species, living in a wild state,
and exposed alike to the same physical circumstances, rare-
ly exhibit variations of character to any extent. When,
however, the individuals of the same species are compelled
to live in different countries, they are not placed in the same
physical circumstances. Constitutional efforts will be made
by each of these groups, to accommodate themselves to the
conditions of their station, and these will display themselves
in variations of colour, size, and even the form of certain
parts.

As domestication subjects animals to the greatest variety
of changes in their physical circumstances, so it operates
most powerfully ‘in the production of varieties. These
take place in obedience to the tendency to accommodation,
or redundant parts are prodnced in consequence of excess
of nourishment.

Many of these variations are peculiar to individuals,
while others are permanent, and capable of being transmit-
ted to the offspring. These permanent varietics in the
human species, now generally limited to five, the Cau-
cassian,  Mongolian, Ethiopian, American, and Malay,
have given rise to the belicf, that there are several species
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of the genus Homo. ~ This opinion, however, is now gene-
rally abandoned.

When it is intended to give a correct and complete deli-
neation of the character of a species, it is necessary to at-
tend to the following circumstances :

1. Specific Name.~This is intended to be used along
with the name of the genus, to distinguish it from the other
species with which it may be combined *. - It is, therefore,
usually an adjective, in concord with the name of the genus
as a substantive ; and expresses some circumstance connect-
ed with colour, form, habits, station, or distribution. Size
is seldom resorted to as furnishing a name, in consequence
of the absence of a fixed standard, and the terms majus,
minus, parvus, and others of the same kind, are therefore
seldom employed.

In some cases, the specific name is a substantive, and oc-
curs either in the nominative or genitive case, and without
reference to the gender of the name of the genus. This want
of concord happens, when a species has been long known by
a distinct appellation, and when this is employed in science as
its specific name. Thus, in the genus T"urdus, while one spe-
cies is distinguished in the ordinary manner, viz. T'. forqua-

® The names of the different divisions, as Species, Genera, and Classes,
are expressed, by universal consens, in the Latin language. They are either
derived directly from that language or from the Greek, in which latter case
they obtain a Latin termination. Provincial names are excluded as barba-
rous. These are frequently difficult to pronounce, harsh in their sound, and
can scarcely admit of a Latin termination. Where they are not liable to such
objections, they may be occasionaily suffered, yet, for the sake of uniformity,
they should be used sparingly. '
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tus,another T'. Merula, furnishes anexample of the exception
here referred to. When the specific name is in the genitive
case, it is always derived from the proper name of the zoo-
logist who discovered it, or who contributed to illustrate its
characters. Thus, Liparis Montagui, was so named by
Doxovaw *, in honour of the late GEorcE MoxnTaGU, Esq.
who first detected it on the Devonshire coast. The: appli-
cation of the proper names of zoologists, to the construction
of the specific names of animals, ought to be restricted to
those who have illustrated. the species. Of late years, how-
ever, this honour has been bestowed on observers to whom
the species has even been unknown; and not. contented
with using the names of zoologists, . those of wives, friends,
or patrons, have been extensively employed. To bestow
zoological honours on those who are not.interested in the
progress of science, is ridiculous ; and to neglect the original
discovgrer in order to do this, is bases. It were better,
perhaps, to proscribe the practice; or if it is to be persist-
ed in, the termination ought not to be in the genitive, but
the nominative case. In all the exceptions noted in this
paragraph, it is customary to distinguish them. from the
ordinary specific names, by making the first a capital letter.

Before concluding these remarks on specific names, it is
necessary to state, that the discoverers of species have the
undoubted right of imposing the names, and that these

* British Fishes, Tab. Ixviii,

+ The motive might be misinterpreted, were 1 to point out instances in
which such names have been imposed from weak and selfish purposes. It
may be of more use to quote the.opinions of Linxaeus, in reference to such,
honou}s, as connected with the generic names of plants. ‘¢ Unicum Bota.
nicorum przmium, hinc non abutendum est.”—¢ Hoc unicum et:-summum:
premium laboris, sancte servandum et caste dispensandum ad incitamentum
_ét ox_*namentixm Botanices.”— Ph. Bot. 170. :
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ought never to be altered.: They may have a-harsh sound,
be barbarous, or even absurd, yet all these objections. are
as nothing, when compared with the evils accompanying
the multiplication of synonymes. Even without any good
reason, many naturalists have presumed to change the
nanies which the discoverer of the species imposed upon
them, in order to obtain what appeared to them uniformity
of nomenclature, or rather for the purpose of increasing
their own importance, The period is probably not very
remote, when this mischievous spirit of innovation shall re-
ceive an effectual check, in consequence of credit being
attached only to those who develope new characters, and
not to those who disturb science by the fabrication of un-
necessary names. Where synonymes have unavoidably
been created, in consequence of the want of communication
between distant pbservers, the rule universally known, but
not equally extensively observed, is to give the preference to
the name first imposed.

2. Specific Character—~When a genus contains only. one
species, it is not necessary, even for the sake of uniformity,
to employ a specific character. Its useis merely to assist in
discriminating readily the different specieswhich a genusmay
contain. For this purpose, the species, or their descriptions,,
are compared together, in order to discover their most strik-
ing differences. These essential marks are expressed in one,
sentence, which is added immediately after the specific name.
Before the introduction of the Linnzan system, this speci-,
fic character was frequently employed instead of the speci-
fic name. Its inconvenijent length, however, was generally
acknowledged ; so that the substitution of the specific name
by the 111ustr10us Swede, in references and conversation,
was universally acceptable to naturalists. The specific.
names were termed by him nomina trivialia ; because they
frequently had a reference to the accidental, instead of the
essential, characters of animals.
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Linnzvus was disposed to restrict his specific characters
to twelve words, an example which succeeding naturalists
have usually imitated. In general, however, all that is ne-
cessary to be included in a specific character, particularly’
where all the species which are known are accessible to
our inspection, may be expressed, even within the limits of
the Linnzan rule, Where the characters of a species are
subject to variation, from sex, age, or season, it is of im-
portance to employ those marks only which are permanent,
and common to all the individuals.

Specific characters necessarily vary with the addition of
new species. If a genus consists of two species, the one
constantly black, and the other white, the colour will fur-
nish the marks for the specific character. Should a third
species be discovered likewise of a black colour, it will not
only be necessary to frame a specific character for the third
species, but to reconstruct a new one for the first.

3. Specific References.—It is nsual to add, immediately
after the specific character, a reference to those works in
which the species has been described, under whatever name,
and to arrange the whole in the order of time. It does not
appear to be worth while to quote those anthors who have
not contributed any thing towards the elucidation of the spe-
cies, but who have merely copied from others, unless in
the case of those systematical works which are generally
consulted. When references are made without selectlon,
much room is unprofitably occupied.

4. Specific Description—This includes every circum-
stance in the history of the species, not previously recorded
in the characters of the groups in which it is included.
The mature male, during the season of love, is described
as the standard of the species, with which all the differences
arising from sex, aé‘e, or season, are compared.
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II. Gexus.

This division, which is designated by a peculiar title,
serves as a surname to the species which it includes.

If we are to consider as a genus, every division by which
species are distributed into groups, and regard it as only one
step higher in the scale of our classifications, the number
of species which it can include will in general be few in
number. Indeed, if we employ the twofold method of
division, by positive and negative characters, the lowest
groups will seldom contain more than two species. When
genera occur greatly cxceeding in species this limited num-
ber, we may safely conclude, that the structure of the spe-
cies is imperfectly understood, and that the distinguishing
characters are chiefly derived from the modifications of one
organ.

1. Generic Name.~The term employed to designate a
genus, is always a substantive in the singular number, and
nominative case. In order to avoid all grounds of confu-
sion, and that the term may lead the mind to no other
image, primitive words, and such as are appropriated to
other objects, are carefully avoided. For similar reasons,
all words indicative of comparison or resemblance, or those
ending in oides, are rejected. Neither hybridous nor bar-
barous terms are employed. Those in common use are al-
most exclusively derived either from the Greek or the La-
tin *,

It is somewhat remarkable, that, in mineralogy and bo-
tany, generic titles should, in many cases, be derived from
the names of those naturalists who have contributed to the

* The ¢ Philosophia Botanica,” 8vo, 1751,-6. of Linxxus, may be per-
used with advantage, on the subject of Nomenclature. Many of his rules,
however, are empyrical, and have never been attended to by naturalists.
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advancement of these sciences, while the generic titles of
ammals are never derived from the same source, nor simi-
lar honours bestowed on zoological observers. We have
never heard a satisfactory reason assigned for this adopted
course of nomenclature, though the practice of LiNnnzus
has been quoted by the slaves of authority in its justifica-
tion. In perusing the work of Lamouroux, « Histoiré
des Polypiers Coralligénes Flexibles,” we could not avoid
being struck with the absurdity of commemorating the
Mythology of Greece and Rome, by bestowing upon his
new-formed genera, the titles of the Nymphs of the Springs
and of the Sea, instead of the names of PEvssoNnEL,
TrEmBLEY, ELLIs, and PArras, and a host of other ob-
servers, whose labours did honour to the age in which they
lived.
" That the aythor had no particular dislike to the use of
proper names as geperic titles, appears obvious from his
genera Elzerina and Canda, in which, however, they are
applied without Judgment 4

When a generic name has once been bestowed on a well
defined group, it ought not to be changed, even although a

* «J'ai donné & ce genre le nom agreable D’Elzerine, parce que celle qui
lg portait, fille de Neas, Roi de I'ile de Timor ou se trouve ce Polypier, est
citée honorablement dans le voyage aux terres Australes, de PEroxn et Lz-
SUEUR,” p. 122.—¢ J’ai donné 4 ce genre le nom de Canda ; ainsi, s’appelait
une jeune Malaise citée dans le voyage de PeroN et Lesurur ; ces naturalistes
ont raporté cette elegante cellarieé des cotes de Timor,” p. 131. Did it not
accur to this author, that the claims of the two French naturalists Prrow
and Lesorur, the discoverers of the species, for thereception of which these
genera were formed, were preferable to the two Asiatic girls whom he has
attempted to immortalize in science ? Why are none of the new species dis-
covered by these observers, named in honour of them, but employed to cele-
brate the author’s living friends? The names of species which have survi-
ved half a century, are, in some cases, wantgnly changed, and Parias is robs
bed to flatter Savieny,—Sece p. 212,
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more appropriate term has been discovered. This rule,
which the most judicious zoologists have uniformly fespect-
ed, was underrated and violated by several French natura-
lists, during the period of the Republic. It was their
object, at that time, to make every thing appear to ori-
ginate in their own nation. The names both of genera
and species were therefore changed, to suit: their pur-
poses. In Mineralogy, M. Hauy has contrived, by de-
grees, to change nearly all the generic names ; and it is still
more surprising, that many of these new names are ccming
into use éven in this country. In the writings of LacE-
PEDE and Lamaxk, such innovations are but too frequent.
T would be deficient in candour, however, were I not to
state, that M. Cuvikr has, with more propriety, in gene-
ral, avoided any obvious exhibitions of this national appro-
priation. 'Where useless changes are thus produced in'no-
menclature, their authors, and their names, should be over-
looked. '

It has become customary, of late years, to add, imme-
diately after the generic name, the name of the author who
first established it. This is a very useful plan, as it facili-
tates research, and guards against the inconvenience of
synonymes. A few naturalists, in addition to the author of
the genus, add likewise the names of those who have adopt-
ed it, and even enrol their own in the number. Such quo-
tations, however, are, to say the least, unnecessary.

2. Generic Character.—As this is intended to distinguish
the different groups of a higher division from one another,
in the most expeditious manner, the more obvious and es-
sential marks only are employed. ~Where the previous
subdivisions have been executed with care, the generic cha-
racter may usually be expressed in a very short sentence,
not exceeding the Linnaean limits of twelve words.
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8. Gencric Description.~—As the generic character is it
tended solely to facilitate investigation, its requisite brevity
precludes the possibility of enumerating all the properties
which the species possess in common. This defect, how-
ever, is supplied by the description, which is better knowh
among naturalists under the denomination of natural charac-
ter. 'When this description is full, and constructed with
due regard to the characters of the higher groups, it saves
g great deal of repetition in giving the description of the
species; and, during its composition, unfolds the peculiar
marks by which they are to be distinguished. It power-
fully exercises the judgment, and seldom fails to unfold
new views of the natural affinities of animals, and the mo-
difications of their several organs.

In the Linnzean System, the divisions of a higher kind
than genera were limited to two in number, viz. orders and
classes. Classes constituted the primary divisions, and in-
cluded orders : these last included the genera and species.
The modern improvements of science, and the vast addi-
tions of new species, have multipled the number of divi-
sions in the system to an extent greatly beyond the five origi-
nally employed by the Swedish naturalist. In many cases,
they exceed twenty in number. In order to give to each of
these groups an appropriate title, naturalists have denomi-
nated them divisions, classes, orders, tribes, legions, families,
sections, subdivisions, &c. We have already stated the want
of co-ordination between these groups, and are therefore
disposed to prefer distinct appellations for each, expressive,
if practicable, of their essential character, rather than to de-
signate them by terms, whi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>