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PREFACE TO THE THIRD EDITION

The text of this edition has been fhorbughly revised. The
BNA. nomenclature has been followed almost without excep-
tion, the English equivalents, however, are used rather than

the Latin terms.

The general scope and aim of the former editions have been
retained throughout, although a number of changes, some of
them more or less fundamental, have been made in the text.
The entire section on the Fiber Tracts of the Spinal Cord has
been omitted, since students who are prepared to study these
in detail will use a more advanced text-book than this is de-
signed to be. The section on the Classification of Animals has
been much enlarged and radically changed to correspond with
more modern views, following especially Gregory (‘10) and
Osborn ('10)... In the description of the bones of the head, a
section describing The Skull as a Whole has been added. The
chapter on General Structure has been entirely rewritten.
Several figures have been redrawn to correct errors and some
new ones added, either original or borrowed, from Lewis and
Stéhr’s Text-Book of Histology. .

The great value of this manual has been its usable size and
its concise elementary nature, making it an ideal text-book for
premedical and general students. The present edition aims to
retain these valuable features and to bring the text
abreast the more recent ideas and investigations.

FRANK A. STROMSTEN.
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ELEMENTS

MAMMALIAN ANATOMY

INTRODUCTION

Since this book is designed for the use not only of students
who have pursued the study of biology for some time, but also
for those making their first actual acquaintance with the sub-
ject, it may be well to call attention to the fact that any animal
or plant may be considered from several different standpoints.
A general study of structure and of the rélations of the various
systems and organs is known as Anatomy. Histology concerns
itself with the cell and cell aggregates or tissues composing the
organs. These two sciences are included in Morphology, a term
which by many is made to include also Embryology or Ontogeny,
treating of the development of an organism from the egg, or its
vegetable homologue, to the period of assuming adult charac-
teristics. .Since ontogeny deals not only with the growth of
structure but also the process of growth, it may likewise be in-
cluded under Physiology, a science which has for its province
the investigation of the'functions of the organs and systems.
A special field of physiology having for its consideration the
operations, especially the conscious operations of the nervous
system, constitutes the science of Psychology.

The same species of animals are not found in all parts of the
world. The lion and tiger are found wild only in the old world,
while the opossum is confined to the new world. Again, many
species of animals whose fossil remains indicate their existence
on earth several millions of years ago, have at present no living

' I



2 ELEMENTS OF MAMMALIAN ANATOMY

representatives. A consideration of this geographical and stra-
tigraphical location of organisms forms the science of Distribu-
tion. \The science of Phylogeny seeks to discover the geological
ancestral history of an organism.

A casual glance shows at once striking similarities and differ-
ences between the common cat, the lion, and the tiger. All
have retractile claws, the same number and kind of teeth, and
the same number of toes. On the other hand, the resemblances
between these cat-like animals and the dogs are less marked,
whilé the differences are more striking. The cats and dogs
resemble each other more closely than either does a horse.
Horses, dogs, and cats have numerous characters in common
which are not present in birds.—The recognition of such resem-
blances and differences furnishes a basis of classification, the -
treatment of which forms the science of Taxonomy. .

THE PHYLOGENY AND CLASSIFICATION OF
VERTEBRATES '

Vertebrates have existed upon the earth for a very long time,
so long, indeed, that the time and manner of their origin is very
uncertain. From what great group of invertebrates they were
derived can only be surmised from embryological and morpho-
logical data. The evidence from paleontology is very incom-
plete and unsatisfactory. Within the class of vertebrates,
however, the geological history is more certain. As a matter
of fact, the detail in which the phylogeny of such groups as
_ the horse, the camel, and the elephant can be reconstructed
from their fossil remains is indeed marvelous.

Geologic time has been conveniently divided into eras, pe-
riods, epochs, ages, etc. The following table has been inserted
for reference in connection with the geological history of the
vertebrate types. Certain dates have been assigned to the
several eras more as a reminder that the mind must think in
terms of millions of years than that they are even approx-
imately correct.
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| Era I Time | Period Age’ Animal Life
Quater- | Holocene. Age of Man. .
nary : Pleistocene. | Recent Mammals. Ice Age.
9 | 8,000,000 | Tertiary | Pliocene. Modern Mammals. Equus.
g years ! Miocene. Earlier modern Mammals. Pro-
Z I tohippus.
o- ' Oligocene. Beginning modern Mammals.
i Mesohippus.
H Eocene. Ancestors of modern Mammals.
! Hyracotherium.
o | 80:000,000 I - Cretaceous. | Reptiles dominant, birds and
§ | ) mammals.
S I . Jurassic. Reptiles preéminent.
§ ! Triassic. Reptiles abundant, Mammals first
: appear.
13o,ooo,obo B} Permian. ! Reptiles appear.
g years. I Carboniferous.| Amphibians dominant.
8 | Devonian. Age of Fishes.
“ i i Silurian. Selachians and Ostracoderms.
& ! Ordovician. | Ostracoderms.
4 ! | Cambrian. Invertebrates.
f ! Proterozoic. :
] . Archeozoic. l

canal.
known.

1. The Invertebrate Stage

" 1. Invertebrata.—~Animals with no skeletal axis and without
a central nervous system entirely dorsal of the alimentary -
Their earliest appearance in geologic time is not

2. The Protochordal Stage

\ IL. Protochordata.~~Small marine forms having, during part
of their life at least, a rudimentary skeletal axis and other
-features marking them as a connecting link between the
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invertebrates and vertebrates. They must have been pre:-
ent in the Cambrian and Precambrian seas several hundr« 1
million years ago.™ They are represented in modern times
by the worm-like Balanoglossus, the Tunicates and Bra:-
chiostoma (Amphioxus).

~ IIL Vertebrata.~~Forms with a skeletal axis and dorsal nerve- -
cord whose anterior end is dilated into a brain.

3. The Cyclostome Stage

~~(4) Cyclostomata.—Fish-like forms having a circul.r
mouth, no jaws present, no paired appendages, skel.-
ton poorly developed. They make their appearan:e
in the early ordovician. “The modern representativ :s
are the lampreys and hagfishes.

4. The Selachian Stage

~(B) Gnathostomata.—True jaws, well-developed skeleto 1,
and usually with paired appendages. Include ¢l
vertebrates above the cyclostomes.

. a Ichthyopsida (Anamnia) “Fish-like forms that breathe, at le: st
while young, by gills; paired appendages; no amnion or allantois.
~X1; Pisces (Fish).—Breathe by gills; median and pair: 1

fins, except where the latter are lost by degener :-
tion. .
, (@) Selachii—True jaws present for the first tim
gill slits reduced in number;>body covered wi 1
plate-like (placoid) scales; -notochord streng::
ened by blocks of cartilage;\general organ sy -
tems foreshadowing those of the higher typcs.
A knowledge of the anatomy is fundameéntal o
a proper understanding of the embryology ai-d
morphology of vertebrates in general. Shar..s
swarmed the silurian seas.~The modern rep:. -
sentatives of the selachians are the sharks, ra.s
and torpedoes.

]
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5) The Ganoid Stage

~(b) Ganoidei—An ancient group of armored fishes
in which the skeleton becomes partly ossified;
Nair-bladder with a persistent open duct present
hydrostatic in function and foreshadowing the
lungs. Abundant in devonian and carbonifer-
ous times. “\Modern representatives are the
sturgeon and pike.
~~(c) Teleostei—True bony-ﬁshes;‘an offshoot from
the main line of evolution devonian to modern
times.
~ (d) Dipnoi~Lung or mud-fishes; isolated surviv-
ors of a very ancient group of devonian fishes.

6. The Amphibian Stage

\ 2\ Amphibia~Legs instead of fins;*lungs replacing
| ' gllls in adult. Mud tracks attributed to amphib-
| ians have been found in the devonian and early

carboniferous times, but abundant fossils are first

found in the latter carboniferous times. The earlier

forms were called stegocephalians on account of a

curious bony protection for the skull. One branch

which reached its highest development in the Per-

j . mian has been thought by some palaeontologists to

| " be the ancestor of mammals. Many forms reached

! considerable size. “The modern representatives are
‘ frogs, toads and salamanders.

B mniotaNAmnion and allantois present; ‘gills never func-
tional; fins never present. ,

7. The Reptilian Stage

3. Reptilia.—Whole body covered With scales or plates;
poikilothermic, 7.e>body temperature more or less
changeable with surroundings. Although fossil
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reptiles have not been found until toward the close
of the Paleozoic during the early part of the Per-
mian, they doubtless began to differentiate from the
stegocephalian amphibians much earlier. Their
development was so rapid in the mesozoic times
that they dominated the earth, the sea and the sky.
They reached enormous proportions. One of the
terrestrial forms, a dinosaur, measured over go feet
in length; with head erect could reach to a height
of 30 feet, although its normal height was but 15
feet. The sea forms, or ichthyosaures, were also of
large size. They were fish-like in shape and were
frequently provided with long slender jaws armored
with sharp conical teeth. There were also flying
1eptiles, Pterosaures, with a wing-spread of over 2¢
feet. Of the twenty-five or more mesozoic orders,
“~but aMew of the more insignificant types remain
to-day; such as snakes, turtles, lizards, crocodiles
and alligators.
~4. Aves (Birds)—‘“Warm-blooded” animals with
feathers. An offshoot of the reptiles.

. 8. The Mammalian Stage

*~ 5. Mammalia—Vertebrates suckling their young;
“hairs never entirely absent;diaphragm complete;

s heart four-chambered; aorta curved to the lef%red
blood-cells, when fully formed, without a nucleus

and round, except in the camel where they are

elliptical. The advent of mammals occurs during’

the triassic. They are probably related to the

reptiles through the theromorphs. The mammals
of the early cenozoic were small and insignificant.
However, they soon become the dominant type of
animal, so that the cenozoic becomes known as the
age of mammals. The secret of their success is
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their four-chambered heart and their protective
covering of hair.

—(A) Prototheria. —Very primitive, egg-laying (oviparous)
mammals. Represented in modern times by the duck-
bill (Ornithorhynchus) and spiny ant-eater (Echidna)
of Australia. Upper triassic to modern times.

~(B) Eutheria.5V1v1parous mammals with anus and uro-
genital openings dlStlr&tP

a Didelphia (Marsupialia): Pouched mammals.\Typically carry-
ing the young in a pouchj~placenta rudimentary or primitive.
Jurassic to modern. “The modern representatives are the opos-
sums and kangaroos.

.8 Monodelg:ia (Placentalia) :\Young nourished before birth by a
placenta;‘never carried in pouch. R

—(4) Unguiculata.—\Clawed placental  ‘mammals.
Mesozoic to modern. Adapted to terrestrial, fos-
sorial, a1 arboreal, aquatic, cursorial, and volant Tife:

"\ 1. Insectivora —(Moles, shréws, and hedgehogs)
Eocene to modern.
V2. Chiroptera—(Bats). Miocene to modern.
—~3. Carnivora—Eocene to modern.  Modern
forms under two suborders:
~(a) Fissipedia—Dogs, raccoons,” bears, wea-
sels and the cfats, hyenas, etc. '
~ (b) Pinnipedia.—Seals, walruses, etc.
~4. Rodentia—Rabbits, squirrels, beavers, rats,
mice, and porcupines. Oligocene to modern.
5. Edentata —Sloths, ant-eaters, and armadillos.
Miocene to modern.
~(B) Primates.~Fingers terminating in “nails” as
distinguished from mammals with claws (un-
guiculates) or hoofs (ungulates). Eocene to
modern. Adapted to arboreal and ambulatory
life.™~ Lemuroids, lemurs, monkeys, apes and man.
Probably arose from shrew-like insectivores.

_,© Ungulata.—"Hoofed mammals. Eocene to mod-

ern. The Condylarthra and other primitive and
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extinct forms are omitted from this list. The
modern orders are as follows:
6. Artiodactyla.—Even-toed ungulates (pigs,
camels, deer, sheep and oxen).
7. Perissodactyla.—QOdd-toed ungulates (tapirs,
horses, and rhinoceroses).
8. Proboscidea.— Mastodons and elephants.
9. Sirenia—Aquatic modifications of the Un-
gulata (sea cows and dugongs).
10. Hydracoidep.—(Conies). Rock and tree-liv-
' ing ungulates. Oligocene to present. Syria
and Africa.
(D) ~Cetacea.—Whales and Dolphin:. Eocene to
present.

A glance at the above outline shows that the class Mammalia
is divided into two subclasses, Prototheria and Eutheria; the
latter of which include the Didelphia and the Monodelphia.
The Monodelphia, or placental mammals, includes four cohorts;
mammals with claws, mammals with nails, mammals with
hoofs, and aquatic mammals. The Cat belongs to the unguicu-
lates and to the order Carnivora, or flesh-eaters. There are
two suborders of modern carnivores, the Fissipedia, or terres-
trial forms, and the Pinnipedia, or aquatic forms. There are
eight families in the cuborder Fissipedia, of which the Canide
(dogs), Urside (bears), and Felide (cats) are the most fre-
quently seen in America. The family Felide is represented by
only two living genera, Cynaelurus and Felis. The genus Felis
includes several species, of which Felis leo (the lion), Felis tigris
(the tiger), and Felis domestica (the cat) are the most familiar.
Of the last species, there are several varieties, such as Maltese,
Angora, and Manx cats. )

Linnezus, born in Sweden,1707, invented the system of bi-
nomial nomenclature in accordance with which the scientific
name of every plant and animal is composed of two parts, the
generic and specific. Thus the house cat is designated Felis
domestica; the lion, Felis leo; the dog, Canis familiaris; the woli,
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Canis lupus; the pig, Sus scrofa; the red deer, Cervas elephas;
the elephant, Elephas Africanus; the orang-outang, Simia saty-
rus; and man, Homo sapiens.

METHODS OF PRESERVING MATERIAL

Alcohol has been widely used as a preservative, but owing
to the fact that it is expensive and quickly evaporates from -
the specimen exposed to the air, thereby rendering the parts
dry and brittle, its use has been largely supplanted by formalin.
Formalin, CH,0, is often sold under the names of farmose,
formol, formine, formalosa, and formaldehyd. It can be pur-
chased for about thirty cents a pound. For preserving any
animal or plant, the concentrated 40% formaldehyd is diluted
with water in the proportion of ninety-five parts of the latter to
five parts of the former. Itis evident,therefore, that one pound
of formaldehyd will make about ten liters of preserving fluid.

The specimens may be kept a year or two without changing
the formalin in ordinary stone jars with covers, but for perma-
nent preservation the glass jar with the ground-glass cover
should be used.

Preparation of Vascular System.—To render the vessels
plainly visible and distinguish the arteries from the veins, it is
advisable to inject the former with a red mass and the latter
with a blue mass. These fluid masses should be of such a
character as to harden in a short time after injection, so that
they will not run out when the vessels are cut during dissection.

A syringe of hard rubber, having a capacity of about two
ounces, serves very well for injection. A cannula of correct
size may be had by asking the druggist for the filling cannula
of the Parke Davis serum syringe. The end to be inserted into
the blood-vessel should be ground off obliquely and smoothly
"on a whetstone. The connection between the cannula and
nozzle is formed by stiff rubber tubing which should be securely
tied to the cannula (Fig. 1).

The injecting mass is prepared by thoroughly mixing 100 c.c.
of water, 20 c.c. of glycerin, 20 c.c. of concentrated formalin,
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and 85 gm. of common laun&ry starch. One-half should be
colored red by adding to it one or two grams of powdered
carmin made into a paste with a few drops of ammonia, and the

P1G6. 1.—INJECTING
SYRINGE. X 3§.

. $. Plunger handle;
b, barrel; pi, nozzle;
¢, cannula; r, rubber
tube; dt, point of de-
tachment; s, string.

other colored blue by dissolving in it a gram
or two of soluble Berlin blue. These liquid
masses, after being passed through a fine
wire strainer or a coarse piece of cheese-
cloth stretched across a funnel, may be
preserved for any length of time in covered
jars.

The animal may be anesthetized by plac-
ing it in a tight box and administering il-
luminating gas, ether or chloroform. If
only the arteries are to be injected, the cat
may remain in the box until dead; but if
the veins are also to be injected, it is pref-
erable to use illuminating gas for the
anesthetic and then remove the animal to
the tray as soon as it is unconscious, and
reflect a portion of skin, exposing the ex-
ternal jugular veins (Fig. 2). With the
curved forceps thrust beneath the vein a
cord may be pulled through and tied in a
loose knot. One-half inch from the latter
a second cord should be tied around the
vein loosely. An oblique cut (Fig. 3) with
the point of the scissors directed caudad is
then made in the veins between the cords.
The incision should extend about half-way
through the vessel. Absorbing the blood
with absorbent cotton as it runs from the

vessel will prevent clogging. If too much ether has not
been used, the blood will continue running fifteen minutes.
When it has nearly ceased flowing the carotid artery must be
found by making a slit in the muscle alongside of the trachea
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just mediad of the jugular,as indicated by the line ¢ (Fig. 2).
. Having cut through the muscle, two white cords are seen along
either side of the trachea. The- :
- medial one may be red, as it is -
the carotid artery. The lateral
one, lying in the same sheath
with the preceding, is the vagus
or tenth cranial nerve. Sepa-
rate the artery from the nerve’
and tie two cords loosely
around the vessel as in the
case of the jugular. Lift up the
artery with the index -finger -
(Fig. 3), and make an oblique
incision with the scissors. The
cannula with the connecting tube \
attached should thenbeinserted . , o CRAMMATIC ViEW OF
caudad in the oblique cut of OPERATION FOR INJECTION.
the artery (Fig 4),and the string d, Broken line showing course of

. ; the carotid artery beneath; b, string
s drawn Ught so as to hold the loosely tied; ¢, transverse vein unit-

cannula in place. The string Z‘L‘fv:é‘tfe;‘lil,,s’é‘gﬁiii’i{n; 'strpi’g:;ms of
st should then be tightened to .
prevent the injection mass from running out where the cannula
is inserted. After stirring the red mass, filling the syringe, and
slipping the nozzle into the con-
necting tube the operator should
press slowly but continuously on
the plunger until that portion of
the carotid craniad of the string
st is well distended. In a large
Fic. 3—Mgtmop or Maxive Cat this will not occur until the
INCISION IN THE CAROTID ARTERY Syringe is near]y or quite empty.
fOR INJECTION. When the vessels are full, the
cannula is withdrawn while the string s is tightened. The
syringe is washed out, after which the blue mass is well stirred
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and injected caudad into the external jugular in the same man-
ner as described for the arteries.
By making a slit about three inches long in the abdominal

P16. 4—METHOD OF
INSERTING THE CAN-
NULA INTO A VESSEL.

wall, a fold of the intestine may be pulled
out so that its lumen can be filled with
about 200 c.c. of 159 formalin. The
same amount should be injected into
the lungs by inserting the cannula
caudad into the ventral wall of the
trachea. If the cat is not to be used at
once, it may be preserved indefinitely in
a jar of five per cent. formalin. - .

The portal system is not injected
through the jugular vein. The portal
trunk just caudad of where it enters the
liver may be found by cutting a piece from
the abdominal wall on the right ventral
aspect just caudad of the last rib. After

two loose knots are tied around this trunk as directed for the
jugular, the cut is made and the cannula inserted into the

portal system of a large specimen. This
should not be injected until the other sys-
tems have been filled.

The lymphatic system must likewise be
injected for demonstration. While the cat
is being anesthetized, dilute India ink, or 5
gm. of soluble Berlin blue are dissolved in
100 gm. of water, and the solution warmed

Pi1G  5.—PALMAR

to about the temperature of the body. As Asercror Car's Paw

soon as the cat is unconscious the syringe

wiTH CANNULA IN-
SERTED.

should be warmed by filling it with hot

water, and the point of the cannula pushed obliquely
proximad under the thick skin on the palm (Fig. 5) of
the paw. The syringe after being half filled with India ink or
Berlin blue solution is attached to the cannula and the plunger
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pushed in very slowly so that one-fourth of the amount in the
syringe is forced out in ten minutes. While the injection is
being made the limb should be gently massaged by pinching
and yubbing from the foot toward the body. This facilitates -
the flow of the liquid in the lymph-vessels. In this manner the
lymphatics of each limb are filled. The author has been able to
fill the left thoracic duct by continuing the injection for about
twenty minutes in the palm of the left paw. The lymphatics
of the head and neck may be injected in a similar manner by
inserting the cannula beneath the skin on the tip of the ear,
the tip of the tongue, the tip of the nose, and the lips.

In order to inject the lacteals the abdominal cavity must be
opened, and the cannula inserted very obliquely into the wall
of the small intestine so that its point is between the mucous
and muscular coats. The half-filled syringe being attached,
very gentle pressure should then be exerted on the plunger,
until the injecting solution appears in the lacteals. To inject
all the lacteals it is necessary to insert the cannula into the wall
of the intestine at a dozen different places. To fill the thoracic
duct, injection may be made into the large lymphatic gland lying
at the point where the covering blood-vessels of the mesentery
meet. The best solution for injecting the thoracic duct is made
by dissolving 7 gm. of gelatin in a warm Berlin blue solution (4
gm. of Berlin blue to 100 c.c. water). This should be filtered
through a single layer of absorbent cotton and then injected
while still quite warm. In all cases injections to fill the lym-
phatics must be warm and must be pushed in very slowly.
These lymphatic injections are best preserved by injecting
the trachea and intestine with 959, alcohol and immersing the
cat in a jar of 70%, alcohol.

Preparation of a Mammal for Dissection of the Muscles,
Peripheral Nerves and Viscera.—The simplest method is to
anesthetize the animal as before described and then remove the
skin, taking great care to avoid cutting away the superficial
muscles. The cannula should be pushed through into the tra-
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chea and 100 c.c. of 159 formalin injected to fill the lungs.
An equal amount of formalin should be injected into the stomach
through a glass tube pushed down the esophagus. The same
quantity of formalin should be injected at two or three different
places into the intestines by making a median incision into the
abdominal wall and pulling out a loop of the intestine into
which the cannula may be thrust. The specimen is then to be
immersed in a jar of 59 formalin. A better method is to in-
ject into the carotid artery 200 c.c. of glycerinated formalin
(water 140 c.c., glycerin 30 c.c., formalin 30 c.c.), and half that
amount into the intestine and trachea. The specimen may
then be preserved in 59, formalin.

Preparation of the Central Nervous System.—The animal
may be killed either with chloroform or ether. About 200 c.c.
of formal-bichromate (170 c.c. of 5%, potassium bichromate
and 30 c.c. of formalin are then injected slowly craniad into
the carotid artery (Figs. 2, 3, and'4). After skinning, the eyes
should be cut out and the flesh removed from the head and
dorsal side of the vertebral column. On a line connecting the
caudal borders of the orbits, cut through the skull to the brain
with the bone cutters and remove piece by piece the roof of the
skull. Next cut away the lateral walls down to the base of the
brain. Care must be exercised in laying bare the cerebellum,
and cutting loose the ferforium cerebelli, the plate of bone
separating the cerebrum from the cerebellum. The spinal
cord is next laid bare dorsally, beginning with the atlas, by
cutting through the pedicles of the neural arches on either side.
With a sharp knife or a pair of scissors the spinal nerves may
then be cut and the cord lifted from behind forward out of its
bed, until the brain is reached. The latter must be carefully
raised while the nerves at its base are cut, and the dura mater
loosened. 4

The brain is firm enough to dissect as soon as removed, but
it is better to further harden it and differentiate the white and
gray matter by placing it in weak formal-bichromate (5%
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formalin, soo c.c. + 5% potassium bichromate, 500 c.c.)
one week inthedark. Lightcauses a precipitate. At the end of
one week the specimen should be placed in 1000 c.c. of 5%
formalin for another week, after which it is ready for dissection.
In case brains of calves or sheep are used a hammer and bone
chisel are necessary for opening the skull. © The head should
first be nailed to the tray. As soon as the brain is removed it
should be placed in a large pan of water and the dura mater
carefully cut away, the clotted blood washed off and a syringe-
ful of strong formal-bichromate injected into the third ventricle
by pushing the cannula about an inch through the infun-
dibulum (Fig. 93). The brain of a sheep or calf will be very
soft when removed, as it cannot be hardened previously by
injecting the hardening fluid into the arteries. Therefore it is
necessary to lay the specimen on absorbent cotton in the jar
of formal-bichromate, which must be exchanged for fresh
fluid on the second and third days. At least two weeks
are required for hardening the brain of a sheep or calf, after
which it is placed in 5% formalin for a week or more to wash
out the bichromate before dissection. Brains are best pre-
served permanently in 85% alcohol. The brain of the cat
or sheep may be satisfactorily prepared for dissection by plac-
ing it immediately upon removal from the skull into a 5%, solu-
tion of formaldehyd, where it may remain until needed.
Preparation of the Osseous System.—A mounted skeleton
of the cat may be purchased for about eight dollars. Itis far
more satisfactory, however, to use the disarticulated bones for
study. These are easily prepared in the following manner:
As soon as the animal is dead, the skin and the greater part of
the flesh should be cut away and the internal organs removed.
The bones with much flesh remaining on them are then put
into 7000 c.c. of water containing 150 grams of gold dust.
This may then be boiled from two to four hours but better
results are given by using the low flame and keeping the solu-
tion at a temperature between 75 and go degrees centigrade
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from 3 to 6 hours. As soon as the flesh falls freely off the
bones they should be brushed clean in a pan of water and the
brain broken to pieces with a bent wire thrust into',_the foramen
magnum. The contents of the skull may then be washed out
under the tap. This treatment renders the bones perfectly
clean, white and free from grease.

By heating the bones from one to two hours only and not
allowing the temperature to rise above 85 degrees, the flesh
may be brushed from the limbs without removing the ligaments
holding the bones together. When dry, the bones are held
firmly in their natural relations. In treating the skeletons of
kittens or those of smaller animals such as mice, birds and
frogs, only one half the amount of gold dust should be used and
a temperature between 70 and 8o degrees maintained.




GENERAL STRUCTURE

The study of any vertebrate reveals the presence of numer-
ous organs, each of which is for the performance of a particular
function. Thus the heart is the organ for the propulsion of
the blood, the kidney for the elimination
of the nitrogenous waste. Several organs
combined for a common purpose consti-
tutea system. The heart, with the various
vessels for conveying the blood, forms the
circulatory system. The following eight
systems are found in all Mammalia: .
Osseous or bony, muscular, digestive, _ Fi¢. 6.—DETACHED

. SqQuamous CELLS FROM

respiratory, vascular, excretory, repro- rtaeMourn. (Lewis and
ductive, and nervous. Stahr.)

The relative locations of the various systems are represented
diagrammatically in Fig. 56. The
organs have the same arrangement
throughout all the orders of mammals.
Moreover, the minute structure of the
same organ is so similar in the different
species that in many cases even the
microscope will not enable one to tell
from which of several kinds of mam-
mals the organ has been taken.

Organs are made up of simpler ele-
ments, the tissues. Tissues are formed
of cells and intercellular substance,

. sometimes the one and sometimes the
P1G. 7—STRATIFIED . . . .
ErrraeLiue From  tue  Other is more in evidence.
mf::ﬁstgr.; Canp.  The cell has been called the struc-
tural unit of the body. Typically,
it is a mass of living matter, protoplasm, containing a
central denser body, the nucleus. The nuclear substance is
2 17
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very complex and is separated from the rest of the cell by a
nuclear membrane which performs an important function in
general cell activity. The nucleus contains a highly organized
substance, the chromatin, which is important in reproduction
and metabolism and is supposed to be the bearer of hereditary
characters. During cell-division the chromatin material may
be collected in definite masses or rods, chrocmosomes, the num-
ber and appearance of which are constant for the species. The
animal cell has no definite cell wall but the peripheral layer of
protoplasm is so modified as to act like a
_semipermeable membrane which plays an
important réle in cellular activity.

Cells vary in size, shape, structure and
arrangement according to function or
pressure. Cells differentiated to perform
a certain definite function are grouped

Fic. 8—InvoLunTary  together with a certain amount of in-
MUSCLE-CELLS. X 250. :

n, Nucleus of a cell. tercellular substance to form a tissue.
There are four primary tissues: epithelial,
connective, muscular, arid nervous.

Epithelial tissues line all the inner and outer surfaces of
the body. They are distinguished by the importance of the
cells and the small amount of intercellular substance, cement.
They serve for protection, secretion, excretion, and reaction
to stimuli. They may be simple, that is made of a single row
of cells as in the i