


4. TWO KINDS OF SKELETAL TISSUE: CARTILAGE AND BONE

The skeletal system of the vertebrate body consists of elements that provide the framework
around which the animal is built. It both protects and supports the soft, pliable organs of the
body and also serves as a mechanical framework for locomotion.

There are a number of different kinds of skeletal tissues that can be distinguished histologically;
that is, the microscopic details of their internal structure are unique, and allow even fossilized
samples to be easily differentiated.

Cartilage: a form of connective tissue that has an intercellular matrix composed of a complex,
rubbery protein; throughout the matrix lies a complex network of connective tissue fibers
as well as spaces that hold cells called "chondrocytes"; the cells secrete the surrounding
matrix.

Interstitial system

Outer basic lamellae

Sharpey's fiber Sharpey's fiber

Canal of Volkmann

A thin section through carulage Bone structure, a thin section
taken from the sternum of a rat. through the metacarpal of a rat.

Bone: similar to cartilage in that it consists of a matrix held together throughout by connective
tissue fibers, within which cells are buried (in this case the cells are called "osteocytes");
but the matrix differs in having, in addition, deposits of a hard, complex mineral
substance composed primarily of crystals of calcium phosphate and calcium hydroxide,
a compound called "apatite."
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S. TWO KINDS OF BONE: DERMAL AND ENDOCHONDRAL

Bone itself is complex and takes on several different forms. We'll talk about only two:

1. Dermal bone, sometimes called "membrane bone"

2. Endochondral bone, sometimes called "cartilage bone"

Dermal bone is laid down initially in a connective tissue matrix and becomes ossified directly
without passing through a cartilage stage; it originates evolutionarily from the

multilayered external dermal armor of ancient jawless fishes.

Dermal bone is

phylogenetically older than endochondral bone having originated in the very eatliest of
vertebrates; having originated as outer protective plates, it, as well as its derivatives, tend

to be associated with the external surface of the animal.

Endochondrial bone, on the other hand, is laid down initially within a cartilaginous matrix
and is only later ossified; thus, it is only a developmental extension of cartilage.
Endochondral bone, phylogenetically younger than dermal bone, is an extension of the
cartilaginous internal skeletal support of the earliest vertebrates and thus tends to be
associated with the internal parts of the body.

Both of these kinds of bone contribute to the skeleton of modern-day vertebrates:

Dermal elements

Endochondral elements

Cranial skeleton:

Bones that form the roof and lateral walls of
the skull.

Bones that surround the palatoquadrate
cartilages of the upper jaw and mandibular
cartilages of the lower jaw.

Bones that form the roof of the mouth.

Opercular bones of fishes.

Bony capsules that surround and protect
the eyes, ears, and olfactory structures
(ethmoid, sphenoid, occipital, and otic,
elements). .

Gill arches and all their derivatives

Axial skeleton: none Vertebrae
Ribs
Sternum
Appendicular skeleton:
Pectoral girdle: Posttemporal Scapula
Supracleithrum Coracoid
Cleithrum Postcoracoid
Postcleithrum
Clavicle
Interclavicle
Pelvic girdle: none Pubis
Ischium
Mlium
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6. BONE VERSUS CARTILAGE IN THE EVOLUTIONARY HISTORY OF FISHES

Because early developmental biologists could easily follow the development of bone from the
soft cartilaginous parts of living embryos, they concluded logically that cartilaginous fishes
came first and that they gave rise to bony fishes—as a consequence, they naturally put sharks
and their allies at the bottom of the evolutionary heap.

But now, having the advantage of a more complete paleontological picture of early vertebrate
evolution as well as accurate means to date fossil deposits, we know this sequence of shark,
followed by fishes with bone is incorrect. We know now that the earliest vertebrates had bone
and that cartilaginous fishes, those that have lost the ability to ossify their skeletons, appeared
on the scene much later in geological time.

In fact, the earliest fossil remains of sharks do not appear until about 390 or 400 million years
before present, or about 100 million years after the appearance of bone.

EVOLUTION OF MAJOR GROUPS OF FISHES

Showing relative divergence times and those taxa that have
lost the ability to ossify their skeletons

Hagfishes Lampreys Chondrichthyes Other fishes
! 1

i
cartilage | cartilage | bone/cartilage

cartilage

|
1
| Pteraspidomorphi
extinct

bDORE — . v v ¢ ¢ s s s 0 0 s s 0 0o

It’s interesting to point out also that the ability to ossify the skeleton has been lost not only in
sharks and their allies, but in a number of other groups of fishes as well: completely lost in
modern hagfishes and lampreys; partially lost in primitive bony fishes, such as sturgeons and
paddlefishes; almost completely lost in lungfishes.
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7. FUNCTIONAL UNITS OF THE FISH SKELETON

The fish skeleton, particularly the cranium, is very complex:
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A composite diagram based upon the study of skulls of about fifty species of teleosts, illustrating the positions of the bones and the names and
abbreviations adopted in this work. Drawn by Mrs. Louise Nash, under the author’s direction. )
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The vertebral column, tail, and unpaired fins, while seemingly simple compared to the head, can
look almost as complex:

DORSAL SPINE | NEURAL

NEURAL SPINE | ' REZYGAPOPHYSIS

/ NEURAL
P - _ POSTZYGAPOPHYSIS DORSAL SPINE I3 PROXIMAL
/ PROXIMAL DORSAL RAY | PTERYGIOPHORE
_ PTERYGIOPHORE DISTAL

PTERYGIOPHORE MINIMAL

HYPURAL
CAUDAL RAY
EPURAL

EPIPLEURAL

PLEURAL

HAEMAL SPINE |
PROXIMAL PTERYGIOPHORE

HYPURAL PLATE
ANAL SPINE |

ANAL RAY | PROCURRENT RAY
CENTRUM FUSED HYPURAL PLATE
HAEMAL HAEMAL DISTAL
PREZYGAPOPHYSIS POSTZYGAPOPHYSIS PTERYGIOPHORE AND UROSTYLAR VERTEBRA

Entomacrodus nigricans, axial skeleton and unpaired fins (anterior six epipleurals pivoted veatrally for purposes of clarity).
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But things can be simplified to a large extent by breaking the skeleton down into a number of
functional units:

1. Head
Vertebral column
Tail or caudal skeletal

Unpaired fins 4.
Paired fins 5. // / / ’
O 1. 2. 3.

N

I O

Functional units of the head skeleton (7):

. Cranium

. Suspensorium
P 1. Cranium

. Jaws

. Pectoral girdle

1

2

3

4. Opercular apparatus
5

6. Hyoid apparatus

7

. Gill arches

2. Suspensorium

Apparatus

3. Jaws

5. Pectoral
4. Opercular girdle



6. Hyoid Apparatus

Epihyal

Ceratohyal

Branchiostegal rays

7. Gill Arches

D D D D Pharyngobranchials (4 or fewer)

Epibranchials (4)

Ceratobranchials (5)

Hypobranchlals (Bord)

7

Glossohyal Basibranchials (usually 3)
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When the fish is turned on its back and the elements of the head are viewed ventrally, functional
units 3 and 5 through 7 all come to lie together to form a series of nested V-shaped elements:

6. Hyoid Apparatus.

3. Jaws

, _ \‘\\_‘\
/ Hypaxial musculature
Protractor hyoideus muscle / / :
(- |

f

4. Opercular Apparatus

/
Sternohyoideus muscle
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