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THE LIMBS OF SI{AKES

with special reference to the hind limb rudiments of Traclryboa

boulengeri

By

A. d'A. Brr,r-arns

Department of Anatomy, London Hospital Medical College

INrnooucrroN

In most snakes there are no vestiges of the skeleton or muscles of
either fore or hind limbs. Dunn and Tihen (1944) suggested that rudiments
of a pectoral girdle might be present in one species of snake, Liotyphlops
albiristris, but it is now thought more probable that the structures in
question are parts of the skeleton related to the tongue (Tihen, 1945 :

Warner, 1946).
Records of the occurrence of two clawJike structures projecting from the

small scales on either side of the cloacal shield in boas and pythons aPpear

in the herpetological literature around the beginning of the nineteenth
century. SihneidEr (1799) briefly described in a boa constrictor a small
bone, situated between the peritoneum and the ribs in the cloacal region
and terminating in a claw. The real nature of this claw, however, was not
demonstrated until some years later when Mayer (1825, 1829) showed

by dissection that it was actually apafi of tfie rudimentary hind limb' He
figured for the first time the limb skeleton and muscles in a boa and

sh-owed that comparable rudiments were present in some other snakes such

as llysia, "Tortri*" (probably Cylindrophis) and, Typhlofs, as well as in
certain snake-like lizards.

These observations were reviewed by Johannes Muller (1831),1 and more

briefly by schlegel (i837). Mayet's findings were confirmed and extended
by d'Alton (1834, 1836) who also described the skeleton and muscles of
the limbs in boas and pythons. As far as I know, no original figures of
these muscles have been published since this time. Considerably later,
Peters (1863) gave the first description of the limb skeleton of "Stenosomd'
(= Leptotyphlops) where the pelvis is better developed than in any other
group of snakes.

1Mul1er's long article on the anatomy anq natural history of .th" "Amphibia"
is a valuable survey of the herpetological i<nowledge of the time, ,t q contains rnuch
information which' is not to 6e found in modern text-books. Another contribution
of the same period to which I have not yet hu4 access is C. F. .Il.eusinger! "IJnter-
r""fi""g; ii'ber die Extremitaten der Ciphider" in the Zeitschrift f ui Or ganische
Physik.., vol. 3.
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l"rrtl,ttttrilt's trrrrr(,r'r':rl)lr (lll70) orr tlrt: lirrrbs o[ snakc-like lizards contains
:rr:rrrourrl ,,l tlrc lirrrlr rtttlitttt:ltts also. Tlris is based mainly on the work
ol i\l;r1,r'r', rl'Allorr iuttl |l,:tcrs, but a new and more satisfactory terminology
l'or.tlrr.<lill,.rt.nt parts of the limb skeleton and for the muscles is intro-
rlrrr',.c|. l;iillrrirrgcr compares the condition in snakes with that in snake-

lilic liz:rnls arrd crnphasises the fact that in the former, in contrast with
tlrt. lirttt'r, the pelvis lies mainly internal to the ribs' Hoflmann's account
(ltt90) is crrtirely derivative from the early nineteenth century workers; his

:rrrir:lc is the most recent in which figures of the limb muscles (taken frorn
Mrryr:r and d'Alton) are shown.

Although the condition in snake-like lizards has received considerable
;rttr:ntiorr, only a few original observations (e.g. tsoulenger, 1913 : Mahendra,
l9lt6: Smith, 1SSS; on the lirnbs of snakes have been made during the

prr:sr:nt century; these are entirely confined to the skeleton. The most

irrrlrrrrtant recent contribution is that of Essex (1927), who sturl-ied inter-
,1,r:cific variation in the limb rudirnents of. Glauconia (= Leptotyphlops) and
'l yplilops.

This previous work has shown that some vestiges of the hind limbs are

prcsent in most, if not all members of the families Leptotyphlopjda and

iit,iclae, and in rnost Anilide and Typhlopida.l No rudiments have yet
I,r,.:n found among the Uropeltida or Xenopeltid,a, the other families of
snakcs which are generally regarded as being primitive in various ways.

Schneider originally suggestecl that the pelvic claws have some sexual

f.1ction, and tLis view has been substantiated, at least for Boida, by
nlore recent workers. Davis (1936) cites observations to the effect that
before coitus the claws of the male are used to stimulate the cloacal region

of the female prior to insertion of the hemipenis, and this is confi,rmed by
:r pcrsonal cornmunication from Mr. R. A. Lanworn of the London Zoo-

loficiul Society's Reptile House. Boulenger (1913) states that the pelvic
claws of male boas aie used as "claspers" but there is no evidence that they

subscrve a truly prehensile function and they certainly do not assist in the

transmission of ihe sperm, like the claspers of some elasmobranch fishes.

It is probable thai the claws of male snakes are as a rule larger than
t6osc oi females of the same species, where they presumably have no

function. Essex suggests that the pelvic claws of Leptotyphlops may show

scxual dimorphism but gives no detailed observations on this point. Stickel

arr<l stickel 1is+o;, who examined 21 female and 11 male specimens of the

lrn llnygrus carinatus, found that the claws were absent in some of thc
ft:rnales ind when present were always smaller than in the males. Somc

6f the earlier workers, however, believed that sex differences in the sizc

of the claws are not always constant, and examination of large samples o[
rli{[crent species is desirable.

t'l'lre anilicl Anomochilus (Smith, 1940) and the typhlopids Anomalepis and
Liotyphlops (see Tihen, 1945) are believed to lack all traces of hind limbs.
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(}rxut'rroNs tN 'l'ra.cltyboa ANr) o'rrrr:R sNAKEs

As so long a pcriod has clapsed since the hind limbs of snakes received
<lctailcd investigation, it seemed worth while to re-examine these structures,
using microscopic methods. Serial sections in the transverse and longitudinal
planes respectively were taken through the pelvic region in two late male
embryos of the srnall South American boid Trachyboa boulengeri Peraccal I
for these specimens I am indebted to Mr. Arthur Loveridge of the Museum
of Comparative Zoology at Harvard College. Sections of a male embryo
of. Python molurus at a relatively earlier stage in development were also
available, but the preservation was inadequate for a study of the muscles.
The subadult example of. Trachyboa from which the external apPearance
of the limbs was drawn is in the British Museum (Natural History) ; I am
indebted to Dr. H. W. Parker and Mr. J. C. Battersby for allowing me
access to it.

Before describing the limbs themselves, it is necessary to give a general
account of the skeleton and viscera of the pelvic region. Five vertebra in
Trachyboa have been reconstructed and are arbitrarily labelled I-V in
antero-posterior sequence. Vertebr,a I-III carry ribs of normal shape, the
last two being shorter than those in, front. The ribs on the vertebra IV
and V and of the following two vertebrre (not shown) are modified, and
have forked processes termed lymphapophyses. These partly enclose the
large contractile lymph hearts (Fig, 3A, B), which communicate anteriorly
with a system of longitudinal lymph vessels related to the ventral aspect
of the vertebra, (see Chapman and Conklin, 1935). The presence of lymph-
apophyses is characteristic of all snakes and a few snake-like lizards. The
vertebra which bears the first pair of lymphapophyses is sometimes regarded
as the first vertebra of the caudal series. Since the pelvic girdle is not (as a
rule 2) attached to the axial skeleton in snakes, identification of the true
sacral region of the spine is problematical (see Gadow, 1933).

The rectum is continuous with an extensive cloacal chamber which, as

in other snakes, is partly subdivided into three compartments, the copro-
d@um anteriorly, the urod,aum, and posteriorly, the proctodaum, which
terminates at the cloacal opening. The dilated posterior ends of the ureters
run into the upper part of the urodaum, while the vas deferens opens on
each side into the lateral aspect of the ureter just posterior to the plane
of section in Fig. 3A. The allantoic diverticulum is continuous with the
ventral part of the cloaca (FiS. 1B); in embryos of higher vertebrates the
allantois, a saccular outgrowth from the hind gut, has the important func-

1 The graphic reconstructions figured,' are almost entirely based on the transverse
series. TG arrangement of the muscles was difficult to interpret in the longitudinal
scries and the cbnditions observed suggested the possibility of some individual
vari:rtion.

z Boulenger (1913, p. 52) states that in llysiida. (= - rrilida) !h.. ilium (probably
tfie bone termed the anterior process of the pelvis in this article) is attached to the
lowcr branch of the first bifurcate transverse process of the lumbar vertebre (i.e.,
the first ly,nlphapophysis). Such an attachment has not been noted in other snakes.
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v I vII vIItr I vM T v.V t i,,rrs ol' :;tor';u1r' ol' ('.\ct'r'tot'y ltrotltt<:ts lttttl, lry vit'tttt' ol' its lrlotxl vt'sst'ls,
ol' r'('r;l)irirtiorr. Irr rrrost lizar"c[s 'r part of thc :rllarrtclic divcrticulutn is

ir rcorpor;.rtcd into the urinary bladder of the adult. In snakes, however,
thc blaclder is absent and it may be supposed that the diverticulttm atrophies
cluring the latest stages of embryonic life.

Other important structures in the pelvic region are the anal sacs (Figs. 18,
38.) These organs, which are apparently peculiar to snakes, are a pair
of large elongated glands of holocrine type, present in both sexes. They
lie on either side of the midline in the base of the tail and each discharges
by a single duct just in front of the lateral margin of the cloacal openi.rg.
Their secretion is highly odoriferous in some snakes (..g. I{ a,trix), and rrtay
have a defensive or a sexual function (see Volsse, t94+). Two sheets of
muscle arise frorn the ventral median processes (hypupophyses) of the
vertebt&, and each passes downwards and laterally to split and enclose

each anal sac (Figs. 18, 3B). These muscles (here terrned anal sac muscles)
are continued ventrally around the hemipenes and are sornetimes known as

the propulsor muscles of these organs. In the specimens studied the herni-
penes were evertecl, &s is usually the case rvith late embryos of rnale snakes,

and could not be represented in the reconstruction. When retracted, each
hernipenis lies beneath the anal sac on each side of the tail; the estimated
position of the base of the left orgail is shown in Fig. 18.

The identities of the different components of the lirnb skeleton in snakes

ate not at all clear. Mayer and other early workers believed that these

structures corresponded with the bones of the l"g and foot of other
tetrapods, and not with the pelvic girdle. It is now usually accepted, how-
ever, that the limb skeleton includes scffre parts of the penvis and oftear

cne or rnore of the proximal bones (femur, tibia) of the extrernity. Since

no consist ant terminology for the different parts of the ophidian pelvis
have been worked out, and since the establishment of the correct homologies
would require extensive morphological and embryological stucly, I have

FiS. 1. Trachyboa boulengeri, male. Late embryo.

A. Reconstruction of vertebrre, ribs and rudiments of hind lirnb skeleton of left
side seen in lateral view.

B. X'teconstruction of muscles and nerves of left hind limb and structures related
to it seen from the lateral side. The three anterior ribs are cut short. The corn-
rnunications betwen IV and V, and V and VI spinal nerves, and part of the
nerve to muscle 3 lie deep to the anal sac muscle and are shown in dotted
lines. Nerves to limb muscles are shown diagrammatically as ending in three small
branches on the muscle. I{erves not supplying limb muscles are shown cut short.

Plane of section in FiS. 3A, B, shown by arrows_xx aqd Yf respectively. Vertebrre
and spinal nerves numbered 

'in 
roman numerals. Dorsal and lateral rami (I.-d, I,1)

are stiown for nerve I only, and are similar for the other nerves. Limb rnuscles are
numbered in arabic numerais (1-5) in this and subsequent figs. (see p. 80).

a.pr.-anterior process of pelvis. a.s.-anal sac. a.s.m.-anal sac muscle. cl.-
cloaia. com.-communication between ventral rami of spinal nerves. d.a.s.-duct
of anal sac. f .-femur. f.n.-foramen for spinal nerve. h.-hypapophysis of
vertebr.a. hp.-hemipenis (approx. position of base of left organ shor,vn by interlupted
liles). int.j-line of ventral-integrlment. -ly.up.. lympapophysis.. m.pr.-medial Pr9-
ccsrj of pelvis. po.z.-p ost-zygapophysis of vertebra. p.pr.-posterior process of pelvis.
pr.z.-pre-rygapophyiis. rm.-rectum. llr.-ureter. v.-vertebra.
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ll'i('(l;l l)lllrly tllrttilrlivc ttotttt'ttt:l;tttltr'[ot'lxttlt lltc sliclrtotr 'lrrtl llrr'
,rllrrclrr.rl nru,;r'lr.,i. 'l'lrc lrntt.r'ior', lx)st('r'i()r an(l nl('Lli:rl prcrctrsst'soI tltis :tt't'ottttt
;rrl r';rlL'rl lry'l"iirlrlirrgit't'tltc iliopcctincal, ilium and pubis respcctivcly.
()tlr.r'wollius lurvr: upplicd the terms ilium, ischium and pubis to the
rlillcllrrt l)r'()ocss(:s witltout uniformity.

'l'lrr'1rt'lvis <tf Trach"7,S6a (Fig. 1A) has three processes, the anterior process

lrcirrl rrrrrt:L thc longest. It lies more or less in the longitudinal plane of
tlrc lrrxlv arrrl passes forwards and obliquely upwards on the deep aspect
o[ tlrc ribs. It is continuous behind with a shorter posterior process which
is tlircr:tcd npwards and sornewhat laterally, and with a short medial

l)r(x:rsfi rvhich passes ventrally and towards the midline. The pelvis in other
lloi<l;c :r.nd in Anilide (Cylindrophis, Ilysia) appears to resemble that in
'l'rat:h.1tboa more or less closely except that the posterior process may lie
rrrorc nearly in the dorsi-ventral plane. In the Leptotyphlopide the three

l)roccsscs are of more equal length and in sonle species the medial process

nrrry form a symphysis i,vith its fellow of the opposite side. In some sPecies

of ;l"ypktop"s the pelvis is also tri-radiate, but in others it consists only of
a single longitudinal bar on either side of the cloaca.

The pelvis is usually ossified in adult snakes (although the tips of the
proccsses raay remain cartilaginous, especially in Typhlopid,a), and the
tlrree processes may be partly demarcated from each other by sutures. fn
the er'.bryos studied, horvever, onlv about the middle two-thirds of the
anterior process possessed a thin shell of perichondral ossification. The
medial process is partly separate from the rest of the pelvis, and may
have chondrified from an independent centre.

In the specimens studied, a stout cartilage (ossified in adult snakes and
partly ossified in the Trachyboa embryos) articulates with the pelvis at the
junction of the three processes, and presumably represents the femur'
Despite Fiirbringer's statement to the contrary, an acetabulurn is present,

deeper in the Trachyboa embryos (Fig. 3A) than in the python. fn some

adult Boida and Anilida the femur has a well developed trochanter-like
process about halfway along its ventral aspect which serves for muscle

attachment; this feature was not present in our embryos' The femur is absent

in Typhlopida. (see Essex, 1927).

In the Trachyboa embryo figured, ttre femur carries the claw on its
distal extremity, but in the other specimen oI Trachyboa, and in the
python (Fig. 3E) the claw is borne on a separate cartilaginous nodule. The
figures of other workers suggest that this is the more usual arrangement,
ai least in Boida, and this separate nodule has been regarded as a tibia'
It is therefore possible that the structure labelled femur in the reconstruc-
tions shown includes a tibial contribution fused with it'

The relationships of the claw to t{re surrounding tissues are of interest.
The tip of the femur (or the separate tibial nodule) is directed laterally
and forms a cartilaginous core in the base of the claw (Fig. 3C). The tissues

internal to the epithelium of the claw which include this cartilage may be

7B

{

lc!{iu'(l(:(l irs rcl)rcs()nting thc true rlistal part o[ thc lirnb. Thc grcatcr part
o[ thc claw, ]rowcver, is surrounded by an investment of tissue which
is apparently an extension from the body wall (Figs. 28,3C,D.) The claw
is separated from this investment by a space lined with epithelium,
and its cornified tip projects from this space and becomes visible externally.
In the python embryo (Fig. 3E) the epithelium of the claw is not yet
differentiated and the srtensions from the body wall have not yet grown
round to form a complete investment for the claw base. If this interpreta-
tion is correct, it would seem that the free part of the limb becomes partly
surrounded by a tubular extension from the body wall; this condition is,
so far as I know, without exact parallel in vertebrates, though it may
possibly occur in sorne snake-like lizards.

The length of the projecting part of the claw may vary considerably
in adult boas, both as between the two sides of the same individual and as

invest ciawxt $.t
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FIG. 2

A. Trachyboa embryo. Reconstruction of limb muscles seen from medial side. To
facilitite comparison with other Figs., the structures are drawn as though on
the left side of the body. Plane of seotion in Fig. 3A, B, shown by arrows
xx and yY resPectivelY.

B. Trachybba boulengeri, probably male. Subadult ^ (B_ritish Museum,- N..I!.,
No. 1913.1t.12, 37-38). External appearances of left claw seen from the side.
The body is tilted to show the cloacal shield (cl.s) and ventral scales ("); the
lst subcaudal (s.c) is divided. invest.-claw investment,

between different individuals of the sarne species. The latter variation
probably has a general correlation with the sex of the snake.

The details of the musculature of the hind limb in snakes have previously
been studied only in the larger Bo,idre. d'Alton recognises seven muscles

attached to the pelvis and limb in P ytho,n biuittatus (probably P. molurus)
and the accounts of Fiirbringer and Hoffmann are principally based on his

work. I have only been able to recognise five muscles which are certainly
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rlistirrct it'l'trttlryltoa. lt is likr:ly tlr:rt this discrcrparrcy is at lt'a.st partly
rlrrr. lo lltr.slrlittiruq o[ orrr: ()r nlorc of thcsc muscles into scparatc structures
irr tlrr: pytlrorr. ()tlrr:rwisc, d'Alton's description agrees in a general way
with rrry owrr findirrgs although there are differences in detail, the signifi-
c:rrrcr.' of which cannot be assessed without access to adequate python
rrratcrial. 'I'lre musclcs rccognised by me in Trachyboa (Figs. 1,24,3) arc
<lesigniltcd by numbers, as follows i-

1. A large muscle which arises from the whole Iength of the lateral
irspcct of the anterior pelvic process, passing on to the ventro-lateral
a.spcct of the latter towards the acetabulum, and then passing ventrally
atross the head of the femur to be inserted on the ventral part of the
"ncch" of this bone. The action of this muscle would be to depress the
fcmur and pull the claw outwards away from the body.

2. This muscle arises from the dorso-medial aspect of the posterior
two-thirds of the anterior process, passes dorsally over the pelvis in the
rcrgion of the acetabulum and medially to the posterior Process, and is

inserted. into the dorsal aspect of the head and "neck" of the femur'
This muscle would pull the femur dorsally and perhaps somewhat
medially.

3. The arrangement of this muscle-complex is not easy to follow.
There is a well developed band of longitudinal fibres (labelled 3) which
arises postei"iorly, in common with its fellow of the opposite side, from
a median fibrous raphe just above the cloaca and a little way behind
the level of section in Fig. 38. Over the middle part of its extent the
upper border of this band of muscle fibres is free (Figs. 3A, B); anteriorly
its fibres are attached to the inner side of the anterior process and have
a. very close relationship with the fibres of origin of muscle 2 (Fig. 2A).
From the middle portion of the lower border of this longitudinal muscle, a
narrow band of fibres (3a) passes abruptly downwards and is inserted
on to the anterior and posterior edges of the medial process, apparently
bridging over its dorsal aspect without being attached to it (Fig. 2A).

The posterior fibres of this vertical band terminate ventrally in a very
complicated fashion. Some are inserted into the root of the medial Process
as dlscribed; a few (not shown) pass ventrally and are connected by a
fibrous tendon with the muscles of the anterior abdominal wall' Others

again are directed laterally and have a tenCinous connection with the

fibres of a small muscle which arises from the lower surface of the root
of the medial process (Fig. 3A), and, partly blending with the fibres of
muscle 1, is inserted into the inner side of the femoral "neck". This last
muscle (here labelled 3b) may have a more distinct entity as a seParate

muscle in other boids.
Contraction of muscle 3b would seem to pull the femur and claw

inwards tornards the midline. The action of the other portions of muscle-

complex 3 is difficult to estimate, but it is probable that simultaneous
coniraction of the longitudinal (3) and vertical (3a) bands would tend

BO

FIG. 3

A-D, Trachyboa embryo.
A. Transverse section at level xx in Fig. 1A, B.

B. Section posterior to A, just anterior to cloacal opening. The right side of the

section is at the level yy in Fig. 1A, B. The section is somewhat oblique and

shows the communications between III and IV, and IV and V spinal nerves.

(:. 'I-ransverse section through claw base and investment.
l). 'l'ransverse section through tip of claw. Level posterior to C.

l,l. I'ython molurus embryo , dt relatively earlier stage than the foetal Trachyboa.
'l'r':rnsverse section through femur and tibial cartilage. The claw epithelium has

n()t yet differentiated, and the investment is not yet complete.

:r(:(.t. :rcetabulum. cart-cartilage (end of femur, or tibia). cleft-cleft in con-

r r('('t iv(: tissue rclated to end of femur and claw base. d.m.-dorsal muscles.

lI. t{irnglion of nerves III and IV. ic.m.-intercostal and lateral abdominal muscles.

ir rvr.st . inv(:strnont of claw base derived from tissues of body wall. integ.-integu-
r r rr.r r I . ly.lr. lyrrrplr he:rrt. ly.rp.-lymph space. n.a.- -neural arch of vertebrre.

sl) ('. spirr:rl ('()r'd. tilr. til;iit. lrr'. ncrv(' br:tnch. j. -vertebro-costal joint. Other
lrttrr irrg :ui irr lf igs. I , 2. f)isl:rl lrrlnt:lrcs o[ n('I'v('s Irumberecl in br':tt:kt:ts do Ilot
.,rr1rpl1' lirrrlr Inu:i('l('s.
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to pull the pelvis as a whole backwards whilc thc nrcclial l)roccss is raiscd
and the acetabulum tilted downwards.

4. This muscle, a narrow slip frorn the outer sheet of the anal sac
muscle, is inserted on to the upper side of the shaft of the femur, which
it presumably raises.

5. This consists of a few fibres which pass inwards from the tip of
the medial process and become continuous with the muscles of the anterior
abdominal wall, and probably serves to anchor the pelvis.

The movements described by the free extremity would seem to consist
mainly of abduction, adduction, elevation and depression with perhaps
some rotation brought about by the tilting of the pelvis. The additional
possibility, suggested by Schneicler, that the claw might be protruded from
and retracted into its invcsting sheath, after the fashion of a cat's claw,
was also considered. The fact that in preserved specimens the extent of
the claw visible beyond the investment may vary on the two sides of the
same individual seemed to favour this possibility. Examination of the
sections shows a definite crcsccntic cleft in the connective tissue around the
dorso-medial aspect of the distal part of the femur and claw base (Fig. 3C).
This cleft, which is present in both specimens of Trachyboa, is lined by a
single layer of flattened cells and has'something of the appearance of
synbvial joint cavity. Although it does not completely surround the base
of the claw it might permit some gliding movement between this structure
and surrounding tissue. Manipulation of the claws in a living specimen
of Python molirus, however, provided no evidence that these had any
power of retractibility, and it is not easy to see how any of the muscles
described could bring about protrusion of the claw in Trachyboa.

With the material at my disposal it has only been possible to work out
the main features of the limb plexus, which is derived from the ventral
rami of nerves I-VI, between all of which longitudinal communications
,ivere observed (Fig. 1B). Besides supplying the muscles of the limbs as

shown, these nerves send branches to the intercostal and ventral abdominal
muscles, and presumably also to the muscles of the hemipenesl the innerva-
tion of the latter structures, however, could not be accurately traced. While
the ventral rami of the newes I-III (like those in front of and behind
the plexus region) rurr slightly backwards, nerves IV and V pass in an
rr:rtciior direction. Olving to the approximation between the ventral rami
of III and IV, and the twist of the body of the specimen which gave a
rrr;rrliccl obliquity to the cutting plane of the microtome knife, the com-
rrrrrnications between nervcs III and IV, and part of that between IV
:rrrtl V, are shown in a single section (Fig. 38: left hand side). The com-
rrrrrrric;rtions between nerves IV and V, and V and VI, lie deep to the
:rrr:rl sac muscle on either side (Fig. 1B).
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lrr nr,ur\' !1oul)ri o[ liz,;rrtls therc is a tendency for the body to become
,'l,,rrrq.rl.rl .rrrrl lor tlrr: lirnlrs to undergo reduction. In some cases (4.g. the

',l,,rv \v(,r nr ,lrt,t,rui.r) irll cxternal traces of the limbs are lost. The hind limbs
.rrrrl tlrrir yiirtllcs nr:ry be recluced more markedly than the fore limbs (as

i r r :.,n rr. : u r r; rl rir;l xcnicls) but the converse is more often the case. In the
I rr n r r rw ir rri .st:incornorph ltzard Dibamus external hind limbs are stated

f ,y ( l;rrrrp (11)23) to be present only in the males where "they lPPear to
l,r.us(.(l ;rs clrrspcrs", so ih"i, function may be similar to that of the-pelvic
.l:rws .l' s,,:tkcs. In a few lizards the shoulder girdle has completely dis-

:rlrlx.:u'(.(l lrrrt rro lizard in which the pelvic girdle is entirely absent is known

fi :,,nrl)! 1923). It is possible that the pelvic girdle is less liable than the

l)(.('t,,rl:rl qircllc to disippear completely after it has ceased to play any par!
i,, l,t'orrr,tion o*ing 1b its close association with the pelvic viscera and
st'xr url organs.

It is ahnost certain that the snakes,are descended from lizards of some

kirrrl.'l'he total loss of both pairs of limbs in most snakes, however, suggests

rlr;rt tlrc group is of greater antiquity than most of the living types of
srurl<t'-likc lizalds. Moreover it is clear from the work of Ftirbringer that
tlrr.rrrorphology of the pelvis in those snakes where it is represented differs
rrrarkr:<lly from that in the snake-like lizards examined. Such conditions
(rour:rher with other anatornical considerations) suggest that the ophidian
stor.l< sr:parated from the lizards at an early period in the history of the

l;r rtr,r gio,rp, and that none of the existing snake-like lizards are closely

r,r:lrrtc:tl to lfr" ancestors of snakes. It is very probable that the numerous

lt.scrnblances between such lizards and snakes are the result of parallel
cvoltrtion.

I r is usual to regard the limbs of snakes as primitive, ancestral characters
(.()rrr1r1r'lrble with the hurnan external ear muscles, and, broadly speaking,

rlris vicw is probably justified. The snakes which possess pelvic limbs (though

s()prc o[ thcm are highly specialised in different ways), show other primitive
[r.;rtur'('s such as ceriain Characters of the skull and muscular system, the

l)r'(,s('ncc of prernaxillary teeth (in some Boidre and Anilidre) and only
i,,,,,lcpatc asymmetry of the viscera (it Boida). Nevertheless it is only in
tlrr.'l'yphlopidre that the condition of the hind limbs conforms with the

Ir.:rrliri,,i,al ioncept of vestigial organs, since, being entirely inside the body

irr lxrtlr scxes, they presumably have no active function. In the Boida, and

pr.olxrlrly also in th; Anilidre and Leptotyphlopid,a, however, the limbs in
il," rnalcs, though useless for the purpose of locomotion, have been con-

vr.r.tgrl ilto accessory sexual organs. This change in the r61e of the limbs,

wl r it:lr nrust have occurred before the free extremities were lost, has

ir l)pirr(:r rtly been effective in preventing 
_ 
the loss of these structures not

.ri,iy in thc males, but also in the females of the species.
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I arn indcbtcd to Mr. J.Lcstt'r o[ tlrc Tlxtlogic;rl Sot:it'ty o[ Lorrrlorr flor
allowing me to examine some of the living snakes irr his.ch:rrgc. I ;un rrlso
very grateful to Professor J. D. Boyd for his helpful advice in ttris
investigation.
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.I'I II.] T]SI.) O}' AMPI{IBIA IN PREGNAI\ICY TESTS:

A REVIEW
By

J.F.D.Fne,zBn
Departrnent ol Physiology, St. Mary's Hospital Medical School

All the tests commonly used to demonstrate human pregnancy rely upon
tlrc fat:t that during pregnancy the placenta puts out into the blood stream

srrlrstarrccs known as gonadotrophins. These are then excreted in the urine
:trrd cart produce effects upon various species of animals similar to some

o[ thosc normally produced by their own pituitary gland during the
lrlr:r:rling season. The time when the concentration of gonadotrophin in
tlrc rrrirre is highest is between the first and third months of pregnancy;
:rrrtl it is often found expedient to concentrate it outside the peak period,
using some method such as that of Scott (1940), so that the concentrate
Inay hc injected into the animal instead of the relatively dilute urine. This
lras thc added advantage that toxic substances or drugs which might be

I)rcrs(:nt in the urine can be eliminated in the process of concentrating the
gonadotrophin.

Thc first animal whose response was investigated was the female South
African clawed fuog (Xenopus laais), which was shown by Hogben and
Iris co-workers (1931) to respond to the injection of pituitary gonado-

trophins by the production of ova, although ovulation and oviposition
ha,l never ihen bebn noted as occurring under conditions of captivity in this

cgurrtry. Subsequently Bellerby (1934) and Shapiro and Zwarenstein (1934)

irrtltlreirclently published results showing that Xenopus laais females would
rr,sirorrd to the injection of pregnancy urine by the production-of eggs some

lroirrs later. This was followed up by a multitude of others, who confirmed
tlxrse results both with pregnancy urine and gonadotrophin concentrates
rn:xlt: from this. (For a good bibliography of their papers, see Corvie, 1948.)

Frazcr and Wohlzogen (1950a) have shown that other species of. Xenopus

(X. mulleri and X. tropicatis) may be used with similar results.

Ii:llcrby in 1933 tried to produce similar effects by injecting pituitary
gonaclotrophins into female f.rogs (Rana temporaria). But although ovula-

tiorr occuriecl, the ova were only shed from the ovary into the body cavity
arrrl rrot rleposited in the water. The work of Noble and Aronson (19+2-43),

whrr use<l the allied Rana pipiens, shows that after ovulation the ova are

only r:xpelled from the body cavity into the water under the pressure

norinally applied by the sexual clasp of the male (which can be replaced

by thc mechanical pressure of a rubber band)'
' ln 1947 the use of males of various species of amphibia was introduced,

{ollowing the work of Houssay, Giusti and Lascano Gonzales (Houssay,

1947), ;d of De Robertis, Burgos and Breyter, which showed that the
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irt.jrr:lion ()[ g]()n;rrlotr'()l)lrirrs irrto tlrc rrralcs o[ tlrc eialrt South American
Iluf o arenurunt r'osults in the liberatior) of sperms frorn the testis, and their
appcaraltce in the urine in the toad's cloaca. This wortrr is described in a
recerlt review by Houssay (1947), who has pointed out that normally the
Iiberation of sperms fro,m the testis only occurs when the male is in amplexus
with the female.

Galli Mainini (19+7) was the first to base a pregnancy test upon this
phenomenon, and showed that if human pregnancy urine was injected into
male B. arenaruffi, sperms could be found in the toad's cloacal urine within
a few hours. Since then, many workers have shown the suitability for use
of a variety of species of Buf o, as well as male amphibia of a number of
different orders. The various species used are listed in the T'able, and it
may be noted that the male Xenopus is, inclucled among these, as are
certain species of frogs. In addition to these, Discogloss'ws has been shown
to respond to gonadotrophins (Kehl, L944).

The British species of toad (Bufo bufo and Bufo calamita) have both
proved suitable for this work, and are much easier to handle under
laboratory conditions than the males of Xenopus anC Ra,na species. In
the case of toads, it has been shown that there is no response to the
injection of a large variety of substances (other than gonadotrophins) which
occur naturally in the body (Houssay, L9+7) ; but Robb,ins and Parker
(1949), in the American R.a'nA pipiens, and Hinglais and Hinglais (1949)
in the edible frog (Rana esculenta) and the comrnon frog (R.ana: temporaria)
have shown that these will also give a positive response following the injec-
tion of the naturally occurrirg substance adrenaline. The common toad
does not react with adrenaline.

It should be realized that in this test a positive response only occurs
r,vhen there are already sperrns developed in the testis, which can be shed
thence. f n most species of frogs and toads this is the case all the year
round, so that these are eminently suitabl e at all seasons, and Azna*Ferrares
(19.19) has suggested that a:ll species of frogs or toads would be equally
satisfactory for this test. But in the common frog (Rana tempora:ria) it has
been found that in October it will not respond even to very large injections
of gonadotrophin (Frazer and Wohlzogen, 1950a). It is noteworthy also that
one.report (Hinglais and Hinglais, 1949), which describes the use of this
species, makes the definite statement that the frogs were used during the
breeding season, and had not been tried at any other season of the year.
The work of Sluiter, Van Oordt and Grasveld (1950) suggests that if frogs
have not been well fed during captivity, sperms will not be formed by
the testis.

AppBNDIx

Our method of using the common British toad, Bufo bufo, in the male
toad presnancy test has been briefly described elsewhere (Frazer and
Wohlz.ogen, 1950b). This description is, amplified below.

Two male toads of over 15 g. weight each are placed in a 400 c.c. glass
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,TABLE

List ef spccies used in Galli Mainini test, with experimenters' niunes

Species AuthorttY

lrt';tlit't'., lltt'lrrlllrltt ol'wlriclr lurs 1,,'r'rr ('()\'('r'r'rl rvitlr rrroisl lillcr l)ll)('r'.'l'lris
tlittul)('rrirrri ol'tlrc sut'r'()un(lirryls is n('(:('ssiu'y il ;ury (lurrrrtity oI urirrc is to
bc lxltlt fot'trtcrl irrrrl clrawrr oll'fronr tlrc toacl's cloaca witlr casc.

llach toacl irr turrt is takcn up gently and trcld in the left hand by ttre
extendcd hind lcgs, so as to minimize struggling. Each is injected with 1 c.c.
of the fluid (urine or concentrate) from the case of suspected pregnancy.
For this injection, a fine hypodermic needle (No. 12) is inserted into the
dorsal lymph sac in front of the toad's pelvis and the point of this needle
pushed as far back as possible. After the fluid has been injected slowly, the
needle is withdrawn gently. These precautions ensure that reflux of fluid
through the skin puncture is minimal.

The toads are then replaced in their beaker, after a sample of cloacal urine
has been taken from each. Subsequent samples of urine are taken three and
six hours later, and if these prove negative a further sample is taken the
next dry. During this period, the beaker is covered over with a tile and
remains on the laboratory bench : it is not kept at any particular tempera-
ture or in light of particular intensity, but sunlight is avoided. The toads
are thus normally in a semi-shaded position at around 20o C.

The sampling of the toad's cloacal urine is done by gently inserting a
fine glass pipette (1 mm. or less external diameter) into the toad's cloaca
for a short distance. Frequently urine will track up inside this at once : if
it does not, the pipette is gently rnanipulated back and fo,rth until some
urine is obtained. Each drop of urine is decanted on to a glass slide, covered
with a cover-slip and examined microscopically at once under the low
power (& in.-16 mm.). If spermatozoa are present, these are readily
identified as they swim across the field, but care must be taken to avoid
confusion with cellular debris frorn the cloaca or protozoan parasites which
are frequently seen. On occasion, parasitic worms may also be noted. The
figure below represents a drawirg of several spermatozoa.

d'orbigny .

crucifer .

woodhousi

Ilufo
Bufo
Bufo

Ilqfo arenerunt.

Buh marinus

Bufo paracnemts

Bufo americanus
Bufo melanostictus

Bufo stomaticus
Bufo regularis .

Bufo viridis. .

Bufo bufo

Bufo calamita

Rana pipiens o

Rana tigrina .

Rana catesbiana
Rana esculento.

Rana ridibunda
Rana temPoraria

Rana dalmatina
Rana grcrcca .

Calyptocephalus gaYi

I*p t o da ct y lus o ce llat us

Xenopus laevis

O dontophrynus cultriPe

Hyla arborea . .

. Casas et al. (1947)
Galli Mainini (19t47, 1948)
Pinto & Boero (1948)

. Aldogoal (euoted by Galli Maioini)
Mello (1948)
Lima & Pereira (1948)

. Mayer et al, (quoted bY Galli
Mainini)

Aldogoal (quoted by Galli Mainini)
. Galli Mainini (1948)
. Aldogoal (quoted by Galli Mainini)
. McCattin & Wtritetread (1949)
. McCallin & Whitehead (1949)
. Bhaduri & Bardhan (1949)

Jayewardene (1950)
. Bliaduri & Bardhan (1949)
. Rousselot (1950)
. Cerquielini (1948)

Bratanov (1949)
Wohlzoeen (1950)

. Cerquiglini (1948)
frinehls t irinelais (1948)
Klopper & Frank (1949)
Frai& & Wohlzogen (1949,1950b)
Fruzer & Wohlzoien (1949, 1950b)

. Hinglais & Hinelais (1948)

. Robbins & Parker (1948)
Wiltberger & Miller (1948)

. Bhadurf & Bardhan (1949)

. Sandoval et al. (1948)

. Hinglais & Hinglais (1948, 1949)
Cerquiglini (1948)
Aznar-Ferrares (1948, 1949)
Bach & Samuk (1949)
Bieniarz (1950)

. Bratanov (1949)

. Hinglais & Hinglais (1949)
Bratanov (1949)

. Bratanov (1949)

. Bratanov (1949)

. Gunther (quoted by Galli Mainini)

. Galli Mainini (19a8)
Houssay (quoted by Galli Mainini)
Mello (1948)

. Robbins, Parker & Bianco (1947)
Mello (1948)
Gallien (1948)

. Mello (1948)

. Frazer & Wohlzogen (1950a)
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ll s1,(.r'nr:rlozo:r ;u'(' l,rrrrrtl irr lltt' r;:ttttltlt' ol' ttt'ittt' tlrkctt irrttttecliittcly a[tcr
llrr.irrj,.r'tiorr, llrr to:rrl <:onc('r'rrcrl is t't:tttt'ttcd to rcserve stock and another
l;rltr.rr. ll, ;rllr.r' r rr('{irtivr: {irst saruplc, spermatozoa are found in any later
s:urr1,l,.ol'rrrirrt: frour citlrcr toad, the result of the test is taken as positive,
n() lrrrtlrt'r'sitlrrplcs are taken and both toads are returned to reserve stock.

I l' r r( ) sl)(:r'rr ls are secrl in 2+ hours, the result is assumed to be negative.
No [r xrtls are re-uscd for a week, at the end of which time any sPermatozoa
slr,rrrlrl havc disappeared from the urine. Toads should not be used more
I l r; r r r tlr rcc or four times without a, prolonged rest, to, allow the testis to
rr,lrlacc the "pre-spermatozoa" which have developed into sPerrns.

RsnBnsNCEs

N( )'l'lis

ItUl{'l'lil,,tr r\( )'l'l,s ()N 't'illi I\4IDWIFE, TOAD
(.ll I Il"\ t)li,\"1 l';'l ltl(lA.N,s) IN ENGLAND

Itt,r 1,t,'r'r,,rr r,,u,rl,,.r ,,1 tlris.forrrnal (No.2, September, 1949) an account
was 11ir', rr ,,1 llr, l\lr,lrrrl,.'l'rxtrls that were introduced into Bedford nearly
50 yr':rr',,r,,,r.rrrrl .u{'r{rw living in the garden of Mr. W, S. Brocklehurst.
It lt;r,; lrllrr Ir';rrrrt sirrce that there are some toads still in the nursery
g-:rtrl'rr rvlrlrl llrr:y wcre first established, breeding in a pond, thickly over-
srowrr witlr rrrshcs, that formed a part of the original estate and was not
disturl;r:d when building took place. There is also another colony that has
established rltself in a garden close at hand.

For the following account of a fourth colony I am indebted to
Mr. Robert Brocklehurst. trt was introduced by him in 1947 into his garden
at Woodsets Grange, near Worksop, in the extreme south-west corner of
Yorkshire. The house which lies close to the village has an old, matured
garden some two acres in extent. It is enclosed by hedges and surrounded
by fields. The soil is light and sandy. There are no natural ponds or
streams within a mile of the house. On a wall skirting the road which
passes the house there is a Bench Mark record stating that it is 233.8 feet
above sea level (see Fig.).

In the autumn of 1946 a concrete pond was built in the gravel covered
yard beside the house. It measures approximately 15 feet by 15 feet and is
2 feet 6 inches in depth at its deepest part. The bed of the pond has some
6 to 8 inches of soil and the water level is maintained by rainwater collected
from the roof of an outbuilding close at hand. A stone wall extends along
two sides of the pond; on the other two is a low rockery made of stones
and earth. This now has an abundant growth of wild iris, water mint,
valerian and other garden plants. The surface of the pond is thickly covered
this year with water lilies.

In the spring of 1947 the pond was stocked rvith aquatic plants and snails
which Mr. Brocklehurst brought from his father's pond at Bedford, and in
Augrist of that year five toads were introduced. They were placed on the
rochery beside the pond. Nothing more was heard or seen of them that
year,

In the spring of 1948 the toads were heard croaking and they continued
to call all through the summer. In August about twenty tadpoles from
Bcdford were introduced. Most of them were well advanced in growth
and it is believed that they underwent metamorphosis that year.

On April 15, 1949, a toad was heard croaking, not at the pond site but
from a large rockery built by a former owner of the house and standing
irr another part of the garden some 95 yards away from the pond. Croaking
r:orrtinued throughout the summer, both from the pond site and from the
othcr rockery.
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lrr ll)5() lw6 lo:rtls wt.t'r. lrr.;rrtl ()n I"r'lrnrilry ltl tlrrritll{ a sllt'll oI lllltlsrr:rlly
rrriltl wr.:rtlrr.r'. lrr l)l'(:viorrs y(:irrs tlrcy lt:tvc ttot bectl lrcard trrrtil latc in
Apr il or r:rrrly in Mry. 'I'hcy have been heard calling almost cvery nigtrt

tlris sprlrpor.'l'hc last time was on September 4 since when they ha-ve

lrr.r,rr silr:rrt, although there have been many warm and sunny days. In the

lattt:r part of the 
-year their voices have not the crispness or volume of

sotrrrd that they have earlier in the season.
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Plan of Garden

Breeding was observed during 1949 and again this year, beginnirg early

in May. On several occasions males carrying eggs were found buried in
dry, warm soil about 6 inches below the surface. Although -the toads

must take to the water to liberate their tadpoles they do not always stay

beside it. Males with eggs have been found 25 yards away from the water.

unless disturbed they are never seen to enter the water. They are fond
of hiding under stones beside the pond and have regular haunts where

they can usually be found. They are never seen abroad in the daytime.

The pond now has tadpoles of several sizes representing broods hatched

at diffeient times of the year. The largest ones are between 50 and 55 mm.

in total length; many have hind legs; some have fore-legs also. The smaller

ones are bei*"", 20 and 30 mm. in length and are darker in colour. There
are also sorne only 7 or B mm. in length. Most of the large tadpoles will
no doubt undergo metamorphosis this year. The smaller ones will over-

winter and .o*pl.t. it next year. The tadpoles evidently like warmth and

constantly hauni the shallow part of the pond where the water is not more

than 6 inches deep.
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'l'lrc l:ttlpol(',\ ()l'tlris lo:rr! :rt'r'('Virlcrrlly tlist:r:;lcftrl lo llrosr':urirrr:rls, srrclt
:r:i lr:;lr :rtrtl rrrwls., tlr:rt :lr'('litrowtr to t'trl. l'r'og tlrrllrolcs. Irr tlrt: llorrcl witlr
lltt'rtt;u'('Goltlt'tr (lirr'1r:urd Goldcn ltudcl, ers wcll as, irr thc:5p1irg, Smooth
:lrrtl Wlrrty Nt:wts.

Ililrcnr:.rtion is on land. Last February when planting up the rockery
()ne was discovered in dry soil some 6 or B inches below the surface.

In Jrly last Dr. Ludwig Koch visited the Bedford colony with me to
make a recording of the voice of the Midwife Toad for the British Broad-
casting Company. It was a warm night, the toads were calling well and
excellent recordings were made giving the range in the variation of the
voice when a number of individuals are performing at the same time. The
rnain colony was beside the pond but others could be heard in different
parts of the garden. The voice of the Midwife Toad is a single, isolated
call, repeated at frequent intervals. It has been likened by some to a clear,
whistling note; by others to the sound made by a sneall bell. To rne and
to those who have been with me and heard it, the call is a soft, piping note,
sometimes high-pitched, sometimes deeper in tone. No toad has been
observed in the act of croaking. They are extremely shy animals and call
only from their hiding places. The chorus at Bedford that night began
at dusk and was still in full swing when we left at one o'clock in the
morning.

MALCOLM SMtrTH.

Pltrford, Surrey. Septernbw, 1950

NEOTENY II{ BRITISH NEWTS

Records in literature of neoteny in British Newts are rare. Both the
Smooth Newt (Trtt'urus uulga:rts) and the Palmate Newt (7. helueticus)
are rnentioned, but there is no record of the occurrence of neoteny in the
Warty Newt (7. cristatws) in this country, although cases are known from
Central Europe. All the British specimens recorded were partial albinos,
creamy white in colour with black eyes. Usually only single individuals
were found, the other newts in the water with them being normal specirnens.
There is one record of two individuals being found. The discovery, therefore,
of a considerable number of specimens living together is of great interest,
particularly as the colony contained both albinistic and normally coloured
individuals. I am indebted to Mr. Richard Palmer of the Education
Officers' Department of the London County Council for the information
concerning this colony which was discovered by hirn in L927 in the gardens
of Southdown FIouse near Millbrook in Cornwall.

The newts were living in two large ponds which were used as reservoirs
for a small brick factory beside Southdown House. The ponds were built
of concrete with vertical sides and measured about 27 yards by 10 yards in
extent and 5 or 6 feet in depth. There was water running in and out
of them. In addition to the neotenous individuals the ponds contained a
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11l1lx.r,()l 1()t.1t:ll :rtlrrlt spcr:irrtcns o[ tlre.snroot.lr and tllc l):rltttll.r'Ncwl
:rs w,'ll lrs trot'rturl siztrl lirrvir: oI thcsc sPccies.

'l'lrc trtrrtcttr)tls slx)cillt(:tls wcrc of two distinct types:

I. Arr albinistic form, bright yellow or cream in colour with black

cycs ancl red gills. In size th"y'*"." a little smaller than full grown

sp.,cimens of the Smooth Newts. About half a dozen of these were seen.
' II. No.-olly coloured individuals slightly la-rger _in size- than full

grown ,p"ci*ens of the Smooth Newt. About half a dozen of these also

were scen.

The clifference in the size of the two groups was distinct and there was

no overlapping. All the larv,a *".e prorrid"d-with well developed external

gills and u tuig" tail fin. The head was of the typical tadpole llup", t-h.ut

i, *rr"h broadi behind than in front. Owing to the difficulty in distinguish-

ing the larval form of the Smooth Newt from the Palmate Newt it was

im-possible to identify with certainty to which species the neotenous

specimens belonged.' I., th" pond Jith the newts were also a few unusually- large frog or toad

tadpoles, very dark in colour and at least twice the size of normal frog

tadpoles when about to metamorphose.
Unfortunately no further investigation concerning the newts was under-

taken. Some of ihem were caught ,rd kept at the Marine Biological Station

at Plymouth where Mr. Palmer ,rut a[ that time working and later on

were taken to the Department of" Zoology, University College, London'

They lived for about a year, gradually dying off'

Plrrford, Surreit. MALCOLM SMITH'

THE EDIBLE FROG II{ SUSSEX

On April ZZ, 1950, I found a colony of Rana esculenta in a pond

situated bne rnile south of Buxted Station, Sussex. The pond has an area

of approximately 840 square feet, and a g.p_tL gf- to", 6 feet. It stands

in rnidst of a former comrnon, now a ploughed field. The estimated nurnber

of frogs, calculated frorn a series of ,ititt to the pold, is about forty adult

,p.cirri.ns and twenty or thirty growirrg youngsters. Local inhabitants testify

6 having heard the frogs croaking for at least seven seasons, but no

eviclence as yet exists as io their origin. They had previously inhabited a

much larger pond, 300 yards a*uy, but appear to have forsaken this,

probably 6*i"g to the presence of ducks and other water-birds.

2, Parkhurst Cottages,

High Hurstwood,

Ucffield, Sussex.
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