
Origin of 

the Tetrapod Limb 

Thousands of spccics of aquatic ar-
thropods, whose ancestors never left thc 
water in all their evolutionary history, 
hake perfectly good walking legs. The 
legs and mechanics of walking in the 
land crabs differ in no fundarncntal as-
pect from those of their relatives that 
hake never left thc sea. Thus, it seems 
propcxr to assurnc that the arthropods 
did not undergo any extrernc modifica- 
tion of thcir locomotor appcndages when 
they movcd into thc atmosphcre. The 
situation may have been diffcrent with 
regard to the cvolution of the tetiapod 
lirnb, but it probably was not as difft3rmt 
as current writings imply. 

Romcr has suggested that the tetra-
pod limb arosc as an adaptivc modifica- 
tion that enablcd amphibians to migrate 
from drying water bodies of thc Devon- 
ian lands to arcas of morc permanent 
watcr ( I ) .Howcvcr, Orton pointcd out 
that modern amphibians conccntrate at 
thc darnpest spots availablc and will dib- 
perse only to wetter areas ( 2 ) .  She ad- 
vanced thc altcrnative hypothesis that 
thc tetrapod limb was originally ail 
adaptation for digging prior io cstiva-
tion. Ewer has noted, however, that a 
normally aquatic South African toad 
will leave a drying pond and go to a 
larger body of watcr, apparcntly bccausc 
of population prcssurc (3).  Hc also 
pointed out that if thc tetrapod lcg fint 
evolved as a fossorial appcndagc, u c 
still rnust discover thc selcctivc agenc~ 
that Icd to its changc of function to tel- 
restrial locomotion. Thcrc arc othcl 
things to be said. 

I t  is difficult to see how discontinuou~ 
and somclvhat catastrophic events, such 
as the drying of watcr bodies, could hale  
led to thc formation of limbs strorlq 
enough to cope with thesc events at thc 
very first effort. This \vould be evolution 
~ i t h o u tselection, and this theory can be 
accepted only by those who believe that 
evolutionary processcs take place bv 
jurnps and bounds. The latter idca ha, 
not bccn entirely ruled out to the satis- 
faction of all evolutionists, but the 
!\,eight of evidence sccrns to bc against 

The author is director of the Gulf Coast Re-
search Laboratory, Ocean Springs, Miss. 

23 MARCH 1956 

Gordon  Gunter 

it, and alrnost certainly it was not the 
cornmon process. In any case, a plau-
sible thcory of the origin of the tetrapod 
limb, based on slow and gradual evolu- 
tion. is availablc. 

h Gradual Process 

Tetrapod limbs arc certainly derived 
from the paired fins of ancient fishcs. 
Thus the ultimate origin of thc tetrapod 
limb goes back to thc timc when these 
fins arosc. whether frorn fin folds or the 
paired appendages of ostracodcrms, as 
is suggestcd by Gregory and Raven ( 4 ) .  
But this is thc origin of a fin and not of 
thc tctrapod limb. Nevcrthelcss, it is 
well to hold in mind that the so-called 
"origin" of thc tetrapod limb was thc 
transforrnation of a fin into a leg. I t  is 
highly unlikely, as TYestoll (5) has 
stated, that thc process occurred sud-
denly. TVc would cxpcct that some use 
of fins as props and supports came first, 
prior to any attcrnpts at  locomotion. 
Exarnples of such uscs of fins among 
rnodcrn fishcs are legion. Thc next step 
would bc walking and the dcvelopment 
of walking fins. Thcrc are many such 
cascs among rnodern fishes. Many tri-
glids walk by means of spccial rays of 
the pectorals. Thc batfishes, Ogcoccpha- 
lidae, walk well and swim only poorly. 
Scveral gobies and blennics walk, and 
the Antennaridae not only walk but 
clirnb with little fins that have a rcmark- 
able resemblance to hands. Thc fact 
that thesc fishcs arc cxtrerncly special- 
ized, with fin boncs not hornologous 
with thosc of thc tctrapod lirnb, is beside 
the point. The point is that several hun- 
dred species of modern fishes do walk 
under the watcr. 

I t  is quite reasonablc, then, to supposc 
that the famous "bridge that walks" first " 
rested on weak and trcrnbling piers, 
which, of necessity, arosc under water. 
Such piers were not legs, but fins. Eaton 
(6)  has suggestcd that thc "paddlcs" 
first served to prop thc fish without bear- 
ing its weight. Follolving this, we might 
supposc some increase and strcngthen-
ing of thcsc supports as thc fishes skit- 
tered about and made clcmentary walk- 

lng movemcnts in the shallo~vs, probably 
with their backs out of watcr part of 
thc tirne. Anatomical considcrations led 
Eaton to suggest that the essential ele-
ments of the amphibian type of locorno- 
tion could havc arisen bcfore the lobc- 
fins erncrged from the water. Ncxt 
would come short invasions of the land 
and movemcnts along the shore, which 
would becorne longcr and longcr as time 
went on. 

Predators and Food 

These developments would havc been 
caused or accelcratcd by the pressurc of 
predators and thc scarch for food. In  the 
ancient waters, one thing was quitc dif- 
ferent from what it is today. All enemies 
came from the water. No birds stood on 
shore to impale a fish in the shallows 
or dive at it from above. No mammals 
lived on land to pounce upon the clumsy 
water animal that was out of its elc-
ment. Indced, there was nothing on 
shore cxcept a large arthropod fauna, 
which was largcly prey and food. The 
large predators were all, in the begin-
ning at least, other fishes of larger size 
that could not travcl thc shallows. Safcty 
lay in shallo~vs and on the land. Thus 
the direction of thc Dressure was all 
toward thc land. It  was a rnuch more at- 
tractive environment to a weak, amphib- 
ious creature than it is today. Enemies 
wcrc lacking, and there was abundant 
food. TVe might surmise that thc weak 
and lowly, in a scnsc, werc being shoved 
or pushed out of the waters by thcir 
stronger relatives. 

Today, the situation is grcatly 
changcd, and rnodern fishcs arc besct 
by predators frorn land, watcr, and air. 
Even so, modern fishes show various 
stages of land invasion. Darncll ( 7 )  has 
recently called attention to thc tcrrcstrial 
forages of Gobiomorus dormitor, a com- 
rnon euryhaline goby of thc Gulf of 
Mexico. He observed it several tirncs at 
night, 4 or 5 feet from the water, along 
the Rio Tornesi drainage of Mexico. Ap- 
parently it goes ashorc for food. Thc 
Asiatic goby, Periophthalmus, and thc 
climbing perch, Anabas, are more ad-
vanced cases. Periophthalmus runs and 
skips about quitc activcly and even 
climbs lo\\, trees in pursuit of insect 
prey. Donald R. Moore, of our staff, 
tclls mc that he has observed Asiatic 
gobics rnany times and that they arc not 
particularly wild but are so elusive that 
hc nevcr succecdcd in his attempts to 
catch one ~vi th his hands. 

Loss of Fin Rays 

I t  is not neccssary to suppose that thc 
first vertebratc to walk on land was a 
member of the Anlphibia. Morc than 
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likely it was a fish, still with fin supports. 
Tt doubtless had fin bones l~omologous 
with those of the modern tetrapod limb, 
such as those of the rhipidistian cross-
opterygians. These fins ~trould have be-
come "tetrapod limbs," albeit weak ones, 
by the simple transformation of losing 
their fin rays and increasing the size of 
the fleshy base. Thus, the so-called 
"origin" of the tetrapod limb, as differ- 
entiated from a fin, was simply the loss 
of fit1 rays. There is no other place to 
draw the line. Eaton (6)  has pointed 
out, in this connection, reasons why the 
first land invader was probably a "fish," 
as he called it, rather than an amphib- 
ian. He said that the only way an adap- 
tive premium could be placed on reduc- 
tion of the fin membrane was for the 
"fish" to spend part of the time out of 
\cater "to escape predators or for other 
reasons." Presumably, ~trl~ilethese proc- 
esses wcri. going on, the lungs \\-ere in-
creasing and other characteristics of the 
Aniphibia were evolving, so that the 
original land-invadinq fish became a sort 
of amphibiopiscine, later a piscioani-
phibian, and then finally a true aniphib- 
ian, by a process so gradual that even 
if r\e had the actual specimens it ~trould 
be difficult to place t l~cni  all in the 
separate major categories. 

The  limbs and girdles of present-day 
caudate Aniphibia are small and I\ cak--
similar, we may postulate, to the ~ c a k  
limbs of an animal that has rcccntlv 
come from the water to shuffle c!umrily 
about on dry land. Felv of the caudate 
Amphibia of today are given to exteii-
sive excursions across really dry lancl, 

for which they are not fitted because of 
their weak limbs and moist, living skins; 
the early amphibians of Ilcvonian 
sltramps must have had similar limita- 
tions, a.t least I\-ith regard to weak legs. 
A situation involving fairly long jour- 
neys overland could be met by the Am-
phibia only after considerable evolution 
of the legs had taken place, and it  is 
reasonable to suppose that this situation 
may have led to perfection of the limbs, 
by selection against the I\-eak, long after 
the lirnbs arose. Thus, the suggestion of 
Rorner ( I  ) fits very well into the picture 
\\-hen it is considered as operative at a 
much later stage in the evolution of thc 
tetrapod limb than the "origin." 

The paircd fins of fishes were first 
used as props and supports for resting 
on the bottoni; these Itrere later used in 
a clumsy, ~ a l k i n g  manner, and this be- 
havior perforce began hrst in th' Itrater, 
because the \\eak props could not SLIP- 
port the animals ~trithout the 1trater 
bouyancy; increased perfection of the 
mechanics of walking took place in the 
shallo~t~s,~trhich was a refuge from the 
chief predators; the land was also attrac- 
tive as a haven and as a source of food; 
the first vertebrate invaders of land prob- 
ably had fins, and theye became legs by 
cnlargenlent of the fin base and loss of 
fin rays; these origirisl linibi and girdles 
\ \ere weak and probably undcr~trent a 
considerable period of evolution in 
srtampy country; later they vcre  per-
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T h e  morning was clear and cold, and 
the autumn leaves had corered the 
ground with colors of red, bror\n, and 
yellow. The  family and a small party of 
friends had come to the summer home of 
Carl R .  Moore in northern Michigan to 
scatter his ashes in a grove of white pine 
trces. Dr. Moore had planted these trees 

in front of the north windo~v of a little 
study some 200 yards back of the inain 
cottage In  the quiet of this retieat in 
the \coeds, he spent many hours over his 
microscope and r ~ i t h  his manuscr~pts 
Here he  did much of the ckork that 
qained him fame as a zoologist and as an 
endocrinologist \t ho made a major con- 

fccted by further selection when it be- 
came necessary for early amphibians to 
move across dry land because of a fail- 
ing local 1vatt.r supply. 

This syllogism conforms to the Itnorvn 
behavior and capabilities of tiuhes and 
anipl~ibians and to the general facts of 
zoology and paleontology. It suggcsts 
that cornmon, continuous activitics and 
strcsses--escape from enemies and food 
getting-led to the origin of rht, tetra-
god limb. This obviates the necessity 
for explaining holv discontiiluous and 
sonielvhat catastrophic events, such as 
the drying up of water bodies, could 
have led to the origin of limbs, ~vhich 
at the very outset had to be fairly strong. 

The  gencral theory stated here is fairly 
clearly implied by Berry ( 8 ) ,  \\-I10 said, 
"Those fishy pioneers with air-bladdrrs 
-and paircd fins-~vhich, aft(%r ages of 
using their fins for pushing and pad-
dling themselves over mud flats, gradii- 
ally ventured onto drier and drier 
ground-~trl~ere they avoided the corn-
petition for food-and the d'111gers of 
swarming hordes of ganoid pirates of the 
~vatcrs, Itrere the ancestors of the am-
phibians." 
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tril~utionto niedicine. The  suminer h o ~ n e  
rvas also a place of relaxation and en-
joyment for Dr. Moore. 

Thirty years earlier a small group of 
faculty friends had established a surrimcr 
colony that came to occupy an important 
place in the lir.es and affection? of its 
members. Carl Moore loved the cipcn 
country. H e  \\-as an ardent and inde-
fatigable fisherman, and he loved to 
rvork in the ~t~oods,  to plant trees, and to 
engape in the many tasks of country lifc. 

H e  was born 5 December 1892, on a 
farm in Green County, Missouri, and 
>pent his early years there. Although he 
loved his holne and associatiotls in the 
colony in northern Michigan, he ner.er 
forgot the scenes of his boyhood ;iild 
looked for~trard to spending yea] s of re-
tirement on some little farnl in the 
Ozarks, a dream that he nevel reali/ed. 
.After preliminary education in the 
schools of Springfield, he entered Drury 
College in 1909 corning under the in- 
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