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Fig. 1. Two examples of the hypothetical verte-
brate “prototype”s. Synthesized A) by the
analyses of recent primitive chordates,
cyclostomes and fossil agnathans
(Romer & Parsons, 1977), and B) by the
embryological investigations of the recent
vertebrates (Bjerring, 1984).
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Fig. 2. Side view of the amphioxus. Photographed
with transmitted lighting. Note that
myotomes and pharynx are visible.
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Fig. 3. Fossil agnathans
A, B: Heterostracan A: Anglaspis, B:
Pteraspis
C: Osteostracan C: Hemicvclaspis
D: Anaspid D: Jamoytius
(From Moy-Thomas and Miles, 1971)
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Fig. 4, An example of acanthodian Climatins
(From Moy-Thomas and Miles, 1971)
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Fig. 5.

Body portions of fishes which produce propulsion. Stippled areas indicate those portions which

are undulated or oscillated. Note that those locate more to the right in this diagram depend more
to fin oscillation and those more to the left take to undulation of the body (Slightly modified

from Lindsey, 1978)
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Fig. 6. Side view of Eusthenopteron foordi. “Dermal shoulder girdle” between the cranium and the trunk
is indicated by shading. Note the pelvic girdle which has no bony connection to the axial skeleton

(Slightly modified from Jarvik, 1980)
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Fig. 7. Shoulder girdle of Eusthenopteron. Shaded series of the dermal elements is anchored to the cranium

at the dorsal end. An arrow indicates the articulation between the “dermal shoulder girdle and
the cranium” (Cranial skeleton based on Bjerring, 1979)
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Fig. 8. Skeleton of the Ichthvostega. Dermal elements are indicated by shading. The girdle lost the
connection to the cranium. Note the expansion of the scapulocoracoid. (*) indicates the dorsal
tip of the cleithrum (Slightly modified from Jarvik, 1980)
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Fig. 9., Gait of the recent urodele. The trunk is
undulated for the locomotion (Slightly
modified from Cohen, 1988).
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abstract

History of the locomotor apparatus of vertebrates
—From paired fins to four limbs—

Tadasu K. Yamada
Department of Anatomy, Niigata University, School of Medicine
Key words: vertebrate locomotion, paired fins, limbs, limb girdles, phylogeny

Mode of locomotion in early vertebrates, evolution of the paired fins and their transition to the
four limbs are discussed.

Locomotion of the earliest group of vertebrates was achieved by undulation of their body. Median
unpaired fins were the only apparatus to refine their movements in water.

Reversed heterocercal tail of most of the fossil agnathans produced upward thrust which rivaled,
or overcome when ascending, the specific gravity of the body. Anaspids may have had good command
of swimming, judged from their spindle shaped body and paired lateral fin fold. Heterocercal tail of
bottom dwelling ostracoderms was to exceed the unfavourable lift produced by the dorsally convexed
body form.

Establishment of the articulated jaws in the earliest gnathostomes, in the Silulian, corresponded with
development of the paired lateral fins. This must have much to do with the adjustments against pitching,
or elaborating their maneuverability in water. Two pairs of the horizontal fins were developed, one
just posterior to the gill chamber and the other cranial to the anus.

These horizontal stabilizer/adjuster are most effective if the distance between these fins and the
center of gravity of the body are large enough. On the other hand, positions more rostral to the gill
or more caudal to the anus are not acceptable, because the lateral paired fins were derived from the
trunk musculature and should be anchored to more stable part of the body. The anterior pair adhered
to the inner surface of the “dermal shoulder girdle”, whereas the posterior pair found its position just
cranial to the anus.

Devonian invasion of the land by the vertebrate forced them to modify their respiratory and locomotor
systems. Since body weight is supported by the surrounding water, no special supportive structure
of the body is necessary for the fishes. On the contrary, substantial support is inevitable for the
terrestrial life. Devonian amphibian and their successors modified the paired fins to meet this purpose.
To ensure the independent movement of the skull from the fore limbs, the shoulder girdles lost their
connection to the skull. That is, trunk weight of the cranial half was transmitted to the girdle through
the muscular connection. During the process of the refinement the dermal elements of the shoulder
girdle were expelled by the expanding endoskeletal scapulocoracoid. The pelvic girdle, originally
“floating” in the soft tissue, on the contrary, established bony connection with the ribs to make sturdy
framework. Now, quadruped vertebrates emerged on land.
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