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rl LE MARSH FROG (RANA ESCULENTA RIDI BUNDA PALLAS) 

IN ENGLAND 

By 

J. I . ME."-ZIES 

I NTRODUCTIUN. 

Since the early nineteenth ce11tury at least three species of anurans 
11.1 , c been introduced al various times into this country. Only tbe edible 
I 1,1~ (Rana csculenta) and the marsh frog (R ana e. ridibunda) seem to 
1,.ive become firmly established, existing without direct protection. The 
, ,ilwr two species are the midwife toad (Alytes obstetricians), and an Aus­
t1 .tli,m tree frog (Hyla ewi11gt) which have become established on a small 
, .,[,, in gardens in Bedford and Cornwall respectively (M. Smith, 1950, 

111.'H·; Larking, 1955). 
T he edible frog, which is apparently not indigenous to this country, 

at .,ny rate in post-Pleistocene times, has been repeatedly introduced, the 
f11 1 rrcorded introduction being in 1837 (see M. Smith, 1954). It seems, 
l1ow1•ver, to have died out after a few years in most places, and only 

111, ivcs in a few small colonies around London. None of these can com-

1
1111•.-; with the huge colony of rnursl1 frogs which now exists in south-cast 
,,,,11 and Sussex, occupying a territory of more than 100 square miles. 

1\ hho11gh small numbers of this frog have been liberated elsewhere at 
\,11 1ous times, it apparently survives only in this one huge colony, which 
Im 1115 the subject of the present study. 

The origin of this colony is briefly described by M. Smith (1954), 
l ,11t Il l\' original account seems worth quoting. The frogs were liberated 
1,y I~. 1'. Smith (Edward Percy, the playwright) who describes his experi-
1 "Ill ,lS follows (E. r . Smith, 1939) . 

.. I II the winter of 1934-5 I introduced twelve s1;ccimens of the 
I 111 u p 1.!a11 Edible Frog, Rana esculenta (the H ungarian variety), into a pond 
(11· 1d~· a runuing stream in my garden at Stone-in-Oxney, East Kent. T he 

11, ul .111 old sea creek which, in Tudor times, formed a small landing 
M •1•r, hut now, since the sea has rrceded five miles or more, abuts upon 
,< 11 .-rt of land where the Rats comprising the Walland, Romney and 
I J1•r ,l-!" M:1rshc-s usurp the place of the salt water. I t is a maze of dykes, 
, 111 t, il~, nwn·s and H1cruns intersecting rich pastures." 

11.,d Mr. Smith wished to establish the marsh frog as a permanent 
1111 111lic r o f the 'British fauna he could hardly have chosen a better place. 
1'1<111 t11ly nowhere in England is there such a large area of reclaimed 
l,111rl 11.s 1ha1 t'Ompri~rcl by the Rom11cy, ·walland and Denge Marshes where 
, 11 ,11 ly 0111· h11ndred sq11,1re mjJc~ of Clat la11d jut out into the sea behind 
I •uu .,'nt' '\. 

I lir>111,l'l1 the a 11-.1 i~ called a marsh it i~ not marshy at all (albeit 
1•1tlin ly i.,,10w sr.1. li!v<'I) bring un.1incd by a S>•s tem of sewers and d itches 
111111w1~ in10 the ~•,1. W:itcr l<•vcl in the SC'WCrs is carefully controlled 
I y ,1 ) , 11•111 of s ll1111·• .n,u lhc ~C,l\\ ard outfall of each is g\larded by 
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tidal gates. These sewers often run between high banks and, in t~n, receive 
water from high level ditches which drain the fields. Occasionally th_e 
tidal ,,.ates are opened on the flow and the sea allowed to enter. Th.is 
scourt out the channels and the salt water kills off the vegetation which 
would othe1wise block the flow of water. It also has the effect of making 
the water in the sewers brackish while that in the ditches remains fresh. 

From Stone-in-Oxney the fr~gs have spread in all directions into Kent 
and Sus~ex. In 1948 a resident of Rye transferred a number from Walland 
Marsh to fields on Lbe opposite of the River Rolher, believing that he was 
making a new introduction. It is possible that the £rogs had already reacb.ed 
that place by themselves. In 1949 eight were taken to Thorne, Yorkshire 
(Bunting, 195 7) and in 1958 som? were t~ en to Devon a1~d others to 
Somerset. It is believed that these mtroductlons have not surv1ved. Today, 
the marsh frog continues to survive in Kent and Sussex and continues to 
extend its range. 

TAXON OMY. 

According to Kauri (1959) the marsh frog can only. be regarded as 
a sub-species of R ana esculenta, and I have_ followed his nomenclatu~e. 
The relationship between the marsh and edible frogs bas Jong been ID 

doubt although Pallas (1771, p. 458), originally described ~he mars~ frog 
as a distinct species. Boulenger (1885) came to the conclusion that 1t was 
best regarded as a sub-species a11d Mandeville & Spurway (1949) s1:iowed 
that interbreeding between the two fom,s can occt_ff, though they did not 
succeeded in rearing the hybrid off-spring to matunty. 

In England the two frogs arc <:iuite distinct in appearU?ce. R. esculenta 
esculenta and R. c. lessonae (edible frogs) have been mtro~uc?d fro!n 
France and I taly and R . e. ridibunda . from Hungary_. T he pnnc1pal dif­
ferences are in length of the legs and m the coloura~1on. T he marsh frog 
has longer legs and its basic colour is usually browmsh, though the head 
and fore-body is suffused with green. It is rare for the marsh frog to 
have a dorsal stripe whereas the edible frog usually does have 0~1e. The 
basic colour of the edible frog is green though both types lose their green 
colour in captivity and become a dull . ~rown. As th~ differc!1t types h~ve 
not been introduced into the same locaht1es no confusion, nor mter-breedmg 
has been possible in England. 
D1s TRIBUTION, RATE OF S PREAD A o D i;."ISITY OF P oPULA'flON. 

Up to the present no complete ~ccount o~ the distribution of the 
marsh frog in England has been published. Kmght (1948) refers to the 
area involved as stretching from H ythe to Rye and from Tenterden to 
Hamstreet. Tn fact, the frogs have not yet reached Hythc or T~ntcrden 
and have gone beyond Rye. Smith (1954) gives a map ~f the area involved 
without actually indicating the boundaries but docs not mcludc the !lother, 
above MaytJ1am;- which they reached in 194-9. T aylor (1948) gives no 
greater detail than vice-counties. . . 

The area now occupied by tbe marsh frogs 1s shown ID fig. 1, and 
1:x t1·nds fro m WC'.st Hylhc to tl1e south-west end of Pett Level, the valley 
of the Rother at least as far up as Newcnden Bridge, ~h~ valley of the 
Brcdf' as far as Brede Bridge, the lower valley of the T illingham a nd aU 
the land between the Royal Military Canal and the sea except those parts 
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of Denge Beach that have no suitable water. The total area is approxi­
mately one hundred and twenty-three square miles and representative 
parts of it are shown in plates I and 2. 

The sparse published records of the marsh frog in England give some 
idea of its rate of spread from Stone. Additional information was ob tained 
by distributing a circular amongst the inhabitants of the marshes asking 
for infonnation about its spread. This information, which many persons 
so kindly sent me, is illustrated in fig. 1. A complete list of my informants 
and other detail~ is given in a thesis (Menzies, 1960) available in the 
Senate House, U11iver~ity of London. 

E. P. Smith ( 1939) states thnt the frogs can migrate overland as much 
as two miles and this is l;urnc out by their presence in the loner pond at 
Dungencss, one aud a half miles from the nearest waterway. 

0

1-lowever, 
i t caun? l be prnvcd that they _were not carried there by human agency, 
or possibly the spawn was carru~d on a duck's or heron's feet. The mai11 
spread has probably been along the waterways that intersect the area. 
T he sma_ller waterways carry the highest frog population, but these arc 
not con trnuous. l lowevcr, the larger sewers are, and by them the frogs 
could travel many miles without leaving the water at all. The frogs arc 
powerful swimmers and when d isturbed on the bank of a sewer frequently 
jump and swim right across before appearing on the surface. The early 
dates of appearance of Lhc frogs in the main sewers at some distance from 
Stone seem~ ro confinn this. For example, they fi rst appeared at Baynham, 
on the Wlute K emp Sew1T, and four and a half miles from the Military 
Canal, as early as 1946. T his suggests a rate of spread of about half a mile 
per annwn. A comparable rate of spread seems to have followed the course 
of the New Sewer from Applcdore to Brenzett, a distance of four and a 
ha lf miles in ten years. In both these cases the spread has been down­
stream but an even faster spread has been up the River Rother. Marsh 
frogs were first reported from the Rother in 1943 at Thornsdale, Iden. 
By 1949 they had reached Maytham, four and a half miles upstream. 
On the other hand, in places not situated on the main sewers such as 
New Romney and Lydd, the frogs did not appear until the 1950's. 

Up to 1943 the frogs had only colonised the land to the north of the 
Rother. In that year they crossed lhis river (Ticehurst, 1950, p. 198) 
and by 1946 had spread upstream as far as Maytbam and down to Rye. 
Below Star Lock the Rother is tidal and has extensive muddy banks at 
low tide. However, lhis apparently p roved no barrier and the frogs ap­
pea red at Rye H arbour (on the opposite bank) in 1951 and by 1952 
had spread over Pett Level and Winchelsea Marsh (see fig. 2). 

The number of frogs that any given waten-vay may support may be 
quite high but not every wateiway in the same area always has the same 
number of frogs. For instance, one square kilometre near Appledorc in­
cluded 9.96 km. of waterways and 147 frogs were counted the, e but 
~lna ly~is of. the count contains some interesting features. The an:a Wi:t. 3) 
l'- d1v1ded 111to two by the Applcdorc-Snargatc road ; on the north side nl 
the mad tlw land i~ entirely giv<'n lo grazing and 14 l frogs were counted 
111 ·I. 76 Ion. of w..i tcrways. On the other side of the road the land i~ 
·nti rcly an1blc and on ly G frogq wrrc se(•11 in '.>.l k111. of watl' r. M on· wi ll 

be ~.1id about th i~ later. 
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It has already been mentioned that the waterways . draini~g th~se 
marshes arc of two types; sewer~ flowing 1-? the sea and ditches in which 
the water is almost static. Where these ditches and sewers run through 
grazing land the bank vegetation is mostly grass that is kept short by ~he 
sheep. Where the ditch runs through arable land the bank vegetatlo!1 
is mostly rushes (Phragmites) which rapidly invade the water and ulti­
mately block the canal. These conditions arc apparently unsuitable for 
frogs, hence the low frog population of ditcl_1cs through a:able land. ~mall 
fields separated by ditches are advantageous in sh~ep farming_ as the ditches 
do away with the need for fences but the same ditches are ~advantageous 
in arable farming as they impede the movcrncn~ of 111ach1~ery. !f these 
ditches arc replaced by drains the frogs arc deprived of thclf habitat and 
their continued existence on the Romney and WaJland Marshes seems 
dependant on the continuance of sheep fanning. 
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REAsoNs FOR THE SucCESs oF THE MARsn FRoc IN KENT AND SussE.."l. 

A. H abitat. 
TI1e marsh frog is largely aquatic and is seldom seen very far from 

water. On sunny days the frogs bask on the banks of the waterways or 
else lie floating on the water surface but on dull days they are hidden 
in the vegetation. The area occupied is largely reclaimed land and so 
presents a maze of ditches and sewers which bas apparently proved a 
suitable habitat as the frogs can be found in nearly every ditch through­
out the area. 

The fact that some of the sewers contain brackish water seems to 
be no deterrent to their spread and frogs are to be seen in all types of 
ditches whether brackish or fresh. Numerous authors (quoted by Menzies, 
1960) have recorded amphibians living or breeding in brackish water in 
various parts of tJ1e world while Hardy (1943) and Mertens (1926) have 
recorded various European species including the marsh frog, doing the 
same nearer home. It is not surprising then that the marsh frog is to be 
found thriving in sewers that may have salinities approaching that of 
sea water. 

B. Food 

J uszyck (1950) examined the stomach contents of a number of R ana 
esculenta near Krakow and concluded that tlus species will eat practically 
anything. Stomach contents consisted of insects (mainly), other inverte­
brates, and fish, mice and smaller examples of their own species. M. 
Smith (1953) found that they feed on land as much as in water. Examina­
tion of seven stomachs during the present study seems to confirm this, as 
the foUowing list shows. 

Stomach 1. Bees, ants. 
,, 2. Bees, snails, grasshoppers, wasp or syrphid, Gerris, duckweed. 
,, 3. Spiders, beetles, earwigs, ants. 
,, 4. Spiders, beetles. 
,, 5. Beetles, bee. 
,, 6. Beetles, spiders, Ne pa. 
,, 7. Snails, flies. 

It is probable that the diet depends largely on the time of year and 
the type of ditch that the frogs happen to be living in at the time. By 
the summer the smaller ditches become so packed with vegetation that it 
would be difficult for the frogs to find food below the water surface but 
the larger sewers tend to remain relatively free during the year and so 
would provide easier feeding places for the frogs. In addition they contain 
a rather different fauna, largely prawns and mysids, due to their brackish­
ness. Whether or not the frogs feed in the water, the sewers contain a 
large amount of suitable food. For instance, 96 cubic feet of water from 
Jury's Gap Sewer contained 6 prawns, 8 fish, 58 larvae of Odonata, 65 
mysid~, and Gammarns and corixids too numerous to count. 
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C . Reproduction and Growth. 

R ana esculenta is more prolific than the common frog; three females 
that were examined contained 4,900, 5,500 and 7,880 eggs respectively, 
whereas the common frog may lay from one to two thousand (Boulenger, 
1897-98 • or from three to four thousand, Heron-Royer, 1885, 1887). It 
is possible that this greater prolificity enabled the marsh frog to fill a 
vacancy left by a declining common frog in that part of Britain. 

I t is almost certain that the marsh frog, in south-eastern England, 
becomes mature when two years old and comme11ces to breed in the second 
summer after hatching. The rapid maturity of this frog is suggested by 
E. P. Smith (1939) whose introduction took place in the winter of 1934-5. 

" In May, 1937,, began what I might call the great year of f!.ana 
esculenta. There was an enormous amount of spawn and the mmute 
frogs were to be seen everywhere. . . . They were appalingly vocal all 
through the summer. 

I t is scarcely possible that this enormous amount of spawn could have 
been produced by Mr. Smith's original twelve frogs. It must have been 
the beginning o( a third generation. Spawn is laid in June and metamor­
phosis starts in August. In order to measure the natural growth of young 
frogs collections were made in May, June, July, August and Novemb~r, 
1954~56. The frequency of the various sizes of young frogs are shown m 
fig. 4, and the growth rate is plotted graphically in fig. 5. Various authors 
(Angel, 1947; Savage, 1952; M. Smith, 1954), refer to the irregular growth 
rate of R ana esculenta and to the fact that many of the tadpoles have 
not metamorphosed by the onset of autumn. Though hibernating tadpoles 
have not been found by dredging of ditches in winter it is probable that 
they can do so and complete their_ developme_nt and ~etarnorphose ~he 
followin<>' spring. Mrs. Green has kindly supplied me ,vith the followmg 
data abgut the development of larvae from spawn produced by frogs with 
which I supplied her. 

18 May 1955 
2 July 

18 Aug. 
2 April, 1956 
1 June 

Spawn laid. 
1st metamorphosis. 
2nd metamorphosis. 
penultimate metamorphosis. 
1 tadpole remaining. 

The lower curve in fig. 5, may suggest the growth rate of the natural 
spring metamorphs and is also dcr~ved fro~ the table (fig, 4). Further 
evidence comes from Mr. Scott-Smith, a resident of Rye, who tells me 
that he has fou nd large tadpoles as late as October and also in early 
spring. 

50 

BRITISH JOURNAL OF HERPETOLOGY 

Size May June July Aug. Sept* 
58-60 mm 6 3 
55-57 5 
52-54 8 1 
49-51 1 2 
46-48 1 1 5 
43-45 4 4 
40-42 3 8 1 
37-39 2 8 1 
34-36 2 4 
31-33 5 1 1 40* 
28-30 3 2 
25-27 1 3 
22-24 15 
19-21 1 7 

Totals 19 28 33 29 40* 

Fig. 4. Size and frequency of monthly samples of young frogs. 
* T he figure for September is taken from M. Smith (1953). 

size 
in mm 
60 

40 

2 0 

0 

Nov. 

2 
8 
2 

12 

A SON DJ F MAMJ J A Month 

Fig:2,; Growth of the Marsh Frog 

Upper curv~ - autumn metamorphs 

Lower curve - spring m,tamorphs 

D. T erritoriality. 

Aggressiveness of adult male marsh frogs towards other males of their 
own species may cause them to spread into new territories. R ana lemporaria 
and /Juf o /Jufo tend Lo congregate at spawning time, R. esculenta does not. 
Territory keeping has been noted in various amphibians (see Menzies, 
1960), :uid observations in various parts of Romney and Walland Marshes 

51 ~ 



BRITISH JOURNAL OF HERPETOLOGY 

have shown that the marsh frog maJe tends to remain in the same place 
(up to fourteen days were recorded) and does not tolerate other males 
within his territory. The male frog has two calls, the first and loudest 
is uttered throughout the summer but falls off in intensity as the season 
progresses. This call starts rather slowly "kee-oink, kee-oink" but rapidly 
becomes faster and faster ending in a spluttering "kek, kek, kek". The 
second call of the male is a challenge or warning and is only uttered 
when one male enters the territory of another, it is a squeak sounding 
like "yip-yip" and can only be beard close by. The females' call is quite 
different, a very low-pitched "coo-uk" that cannot be heard by the human 
ear more than a few yards away. An observer who makes this call within 
the territory of a male frog during the breeding season will evoke an 
immediate response-the frog will swim towards him, whereas imitation 
of the warning call produces no such response. 

EFFECT ON THE NATIVE AMPHIBIANS. 

That the common frog once existed on Romney and Walland Marshes 
is almost certain. I t is equally certain that it is now extinct there and has 
become so after the introduction of the marsh frog. Boulenger (1908) 
records the common frog and the common toad from Kent without 
specifically mentioning the Marshes, while Butterfield (1905) records them 
as being common throughout Sussex. Mr. C. C. Hentschel tells me that 
frogs were common around Hythe in 1910, and Alderman C. T. Paine of 
Lydd says that they were common in that town when he was a child. 
Mr. M. W. F. Tweedie also reports plenty of frogs at Playden in 1929 
but none of these residents has seen one in recent years. More direct 
evidence of the inability of marsh and common frogs to live together comes 
from Mr. Scott-Smith who introduced ridibu.nda to the Tillingham in 
1948 or 1949 where temporaria was then common. R. temporaria has now 
disappeared from that area. 

I t is unlikely that there can be direct competition between the two 
species as, except during the breeding season, which is before ridibunda 
is active,: temporaria does not remain_ in or near the_ water. Ahrenfeldt 
(1953) has seen the edible frog attacking and attemptmg to devour both 
common frogs and toads in captivity though his suggestion that this direct 
antagonism is responsible for the decline of the indigenous species is ques­
tionable. However, the tadpoles and metamorphosing froglets of R. 
temporaria and of Bufo would fall easy prey to the semi-aquatic adults of 
R. ridibunda. I t is also likely that the territo1y-minded ridibunda males 
would not tolerate the presence of other frogs. Possibly ridibunda has filled 
a vacancy left by a declining temporaria population in the same way that 
the grey squirrel has replaced the red in Britain (Shorten, 1954). 

D1sc uss10N. 

This work has raised several interesting problems not the least of 
which is the disappearance of the common frog from the area now inhabited 
by the marsh frog. It cannot be proved that the disappearance of the one 
has anything to do with the intr~duction of the other; all that we know 
is that the common frog once eXIstecl on Romney and Walland Marshes 
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and that it no longer does so and that, in the meantime, the exotic species 
has established itself here. Only one author, E. P. Smith (1939) mentions 
the two species together, stating, that "the marsh frogs are still very 
numerous, far outnumbering the common R ana tem.poraria." But Smith 
lived at Stone which is just outside the Marsh and there are still plenty 
of frogs in the surroundmg parts of Kent and Sussex. 

Has the marsh frog really established itself as a member of the British 
fauna? At first sight the answer would appear to be "yes" as the species 
has been with us for twenty-five years and is still extending its range. On 
the other hand, Romney and Walland Marshes are a purely artificial 
creation of man and are maintained in the condjtion that they are now 
in because sheep farming is the principal occupation. Sheep-farming re­
quires small fields surrounded by carefully maintained ditches and these 
provide the frogs with their food and habitat. If mechanical cultivation 
of crops continues to replace sheep-farming all but the larger sewers will 
be converted into closed drains and the frogs will lose their habitat. The 
numbers of marsh frogs that will be able to live under the present con­
ditions will only be a fraction of the present population. 

If the marsh frog is permanently established in this country will its 
numbers remain at the present hjgh level? This question is prompted by 
a number of observers who believe that there has been a steady decline 
in recent years. Certainly the numbers in one district (around Appledore 
Station) seemed much higher about ten years ago and large quantities of 
frogs were canied away from there by naturalists and others. As no quanti­
tative surveys have been made before, it is impossible to say whether there 
have been any profound changes in the numbers of frogs in any particular 
distiict. In years of bad weather the males are· much less noisy than in 
hot summers and this may give the impression that there are fewer about 
but breeding seems unaffected by the weather. Most animal populations 
that have been studied quantitatively show periodic fluctuations in numbers, 
perhaps the early 1950's were boom years fo.r the marsh frog and perhaps 
it has now settled down in more reasonable numbers. Only time will tell. 
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THE USE OF REPTJLES JN EXPERIMENTAL EMBRYOLOGY. 

By 

L YNETTE A. H OLDER and A. o'A. BELLAIRS. 

J N'l'RODUCTION. 

The science of experimental embryology is based mainly upon work 
with amphibian and chick embryos, though important observations have 
also been made on the embryos of fish, mammals and various groups of 
invertebrales. 111e reptiles have l;een almost completely neglected in such 
studies, probably hecause of the diJliculty of obtaimng adequate and reliable 
supplies of embryos. Reptiles seldom breed in captivity, at least in this 
country,and the eggs of oviparous species are difficult to find in the wild. 
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Recent observations suggest, however, that a new approach to the problem 
is offered by the use of cultured eggs removed from the oviducts of viv­
parous forms. A brief review of the scanty literature on the subject and 
an account of our own preliminary observations may therefore be of interest 
to other investigators. 

P REVIOUS WORK. 

Pastecls (1937), apparently the 1,Jioneer in the field, succeeded in 
marking the early embryos of chclonians with vital dyes in order to 
study the process of gastrulation. T hese experiment!> mvolved cutting a 
window in the eggshell, a technique often used in chick embryology. 
Nakao (1939) grafted parts of early lizard embryos on to the chorio­
allantoic membrane of chick embryos and found that in some cases the 
various tissues continued to differentiate, and survived for periods of up 
to eight days. R. Bellairs (1951), also using techniques well established 
in chick embryology, removed blastodenns and somewhat older embryos 
from the eggs of English lizards and snakes, and was able to grow them 
in culture by the watchglass method for periods of up to 20 days. 

Panigel (1956) made the important observation that embryos of the 
common lizard, Laccrta [= ,Zootoca] uiuipara would develop in culture 
in Petri d.shes after removal of the eggs from the mother. In some cases 
the embryos ultimately "hatched" from their membranes, though there 
was a considerable mortality just before the time of hatching. These 
experiments suggested Lliat the embryos were not dependent on the mother 
for 11ourishment iii the normal course of development, the supply of food 
in the yolk being sufficient for this purpose. Maderson and A. d'A. 
Bellairs (1962) found that it was possible to operate on these cultured 
embryos, removing a part of the tail. They also found that it was possible 
to culture embryos of the slow-worm (Anguis f ragilis) by Panigel's Petri 
dish method.* Raynaud (1959a, b) described a more elabora te method of 
culturing the eggs of Angu.is (sec p. 59 here), and in a later note (1960) 
studied the effects of irradiation of the hypopbysis in cultured embryos. 
Dufaure (1961) studied the inRuence of sex hormones on the development 
penes of common lizard embryos cultured in a mediwn of avian albumen, 
and Lutz and Dufaure ( 1960) cultured blastoderms and various embryonic 
organs of this species on artil1cial media. 

Though of less relevance to our own work, the biochemical studies 
of Clark and his collaborators (195G, 1957) on the metabolism of various 
reptile embryos, and the observations of Gordon ( 1960) on the inAuence 
of moisture on the eggs and yow1g of Anolis lizards may also be noted. 

Criteria for assessing the growth stages of embryos are important in 
experimental work, especially in reptiles where the rate of developing 
varies with temperature and other conditions. Normal tables of development 
for reptiles have been prepared by the following authors: Peter ( 1904; 

·~ P.11,igel :,.bo cl r;sr, ii,,,, anothPr ll'cl,niq,,., in which li1,:i nl emh, yos ""' k1·1H in 
t11hes of 1Jxygr11atc·d sa linr; cl1i5 Reem , co l)e 1,·s~ s" ti.sfo c:tory for t)Ur pui:p•JS<'S. 
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Lacerta agilis), Pasteels! (1956-7; only the early stages of certain lizards 
and ch~lonians are described, but details of later stages, based on Pasteels' 
unpubhsh~d. work are given by Milaire, 1957), Dufaure and Hubert (1961; 
Lacerta viuipara), and Zehr (1962; the garter snake, Thamno,phis sirtalis). 

OBSERVATIONS ON Lacerta vivipara. 

During the summer of 1962, 155 fertile eggs of the common lizard 
were put up by us in Panigel dish cultw-e. The great majority of the 
,embryos we_re su1:>jecte~ to the operation of cutting off part of the tail, 
m order to mvestigate its regenerative potentialities during embryonic life. 
S?me ~mbryos _developed gross anomalies of the hind part of the body and 
h md limbs which may have been due to the fact that after operation the 
emb~yos tended to prolapse through the rent in their membranes, the 
chorion and shell membrane. (Pl. JF). It is hoped that this may be 
remedied in future. by an improvement in technique (see p. 58) which 
unfortunately was mtroduced too late in the season to give conclusive 
results. 

Preliminary analysis of our findings in those specimens where the 
con~ition of the_ tail could be readily interpreted essentially confirmed the 
earlier observ!1t10ns of Maderson and Bellairs (1962). No regeneration 
was observed m the embryos operated on at stages ranging from Dufaure­
Hubert (subsequently called D.-H.) 29 (or Peter, figs. 21-22) to stage 
D.-H. 36 (Peter, fig. 34), although the tail stump healed over. Some evidence 
that ~he power of . regenera~ion may develop shortly before the time of 
hatching was obtamed. It 1s hoped to publish a full analysis of these 
findings elsewhere. 

. Maderson and Bellairs found that common lizard embryos could 
survive for up to 10 days at a temperature of 33-35°C., while others 
lived for quite long periods (in one case 29 days) at 4°C., during which 
deve!opment was almos_t at a standstill. Some of these refrigerated embryos 
contmued to develop m apparently normal fashion when transferred to 
room temperature (21-24°C.). This finding seemed to have practical im­
P?rtance, SlJggest~n$ that a pool of embryos might be stored in the re­
frigerator at _a mmm1al rate ~f development, specimens being removed at 
con:1eme~t tunes _for operation. The results of the comparatively few 
refngeration exp~nments (on 35 embryos) performed this year suggest that 
the _method, while probably useful up to a point, has limitations. The 
earlier embryos of D.-H. stage 32 and younger treated in this way showed 
after_ about ": week at 4°C. a characteristic dilation of the peripheral 
cho!10-allant01c blood-vess~ls (Pl. I H) which may have been due to stag­
nation of the blood resulting from slowing of the heart. Sometimes this 
would d_isappear when the embryos were transferred to room temperature, 
Pl.l ,I ); m other cases the embryos died. In older embryos these vascular 
changes after refrigeration were less marked and the blood vessels usually 
regained their normal appearance after some hours at room temperature. 

Nearly all these later embryos lived for a fortnight at 4°C. 
and were then used for operation. Possibly refrigeration at a somewhat 

We are most grateful to Prof. Pasteels for sending us photographs illustrating 
his embryonic stages of the chamaeleon and the skink Mabuya. 
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higher temperature, say 8°C., would give better results for the storage 
of embryos. 

'!'he only five embryos kept at high temperatures (30-35°C.) this year 
survived for about a week. Further observations on the resistance of em­
bryos to such conditions are also desirable in view of the possibility of 
grafting lizard embryo tissues to chick embryo hosts. 
OBSERVATIONS ON Anguis fragilis. 

. 89 fe~tile e~gs of the slow-worm, taken from 11 females, were put 
up m Parngel ~1s~ culture. Although Maderson and Bellairs suggested on 
somewhat subJecbve grounds that temperatures of around 18°C. were 
most suitable for their maintenance, all the embryos used this year were 
kept at room temperature. No normal table of development for the slow­
w<;mn bas been prepared, so that it was necessary to compare the embryos 
~Ith those of Lacerta figured by Peter, and by Dufaure and Hubert. In 
view ?f t~c fact that _the sl?w-wor:m diffe~ markedly in body shape from 
lacerhd lizards, especially m havmg no limb-buds (which are so useful 
as ~ui~es to the age of embryos) our staging of Anguis is inevitably 
subjective. 

The fate of our slow-worm embryos is shown in the table below, the 
23 embryos subjected to various operative procedures are not includ;d in 
the figures. 

SURVIVAL O F SLow-\ AJoRM E GGS IN D1sH CULTURE. 

Group A Il C D 
Date when put 
up in culture 20 July 20 July 20 July­

!4-Aug. 
1-20 Aug. 

Total number 
of embryos 6 24 9 27 

Stage at onset 
of culture 

D.-H. 28; D.-H. 32; D.-H. 35-36; D.-H. 39-40; 
Pe~er fig. 20; Peter fig. 27; Peter figs. Peter figs. 
chick, 3-3½ d chick, 5-5½ d 33-34 35-36; near 

hatching 
No. fixed dead 

or dying 
No. fixed alive 

4 

before halching 2 
No. alive after 

7 days in culture 3 
,, 1-4 days 0 
,, 21 days 0 
,, 28 days 0 
,, 35 days 0 

l\llax. survival in 10 d. 
culture and stage D .-H. 30; 
reached Peter fig. 25 

No. died hatching 0 

No. hatched alive 0 

10 

14 

20 
15 
8 
3 
2 
42 & 48 d. 
D.-H. 39; 
Peter, fig. 35 

0 

0 

2 2 

6 4 

6 24 
5 16 
2 1 
1 0 
0 0 
34 d. 27 d. 
hatching hatching 

0 3 after 

{ 6-27 d. in 
1U culture 
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The embryos in group B, put up at D.-H. stage 32 (Pl. 1D) were of 
particular interest. The eight which lived for 21 days or more reached 
D.-H. stages of 36-37 (Peter, fig. 34), or in the case of the two which 
lived for over 40 days, D.-H. stage 39 (Peter, fig. 35)-so far as com­
parison with Lacerta could be made from features of head-shape, scale 
development and pigmentation. At least five of these embryos showe<i 
some external abnormality. Three were markedly oedematous (Pl. lC), 
while the two which had lived for over 40 days were slightly abnormal 
in h ead or body shape. These two embryos also seemed considerably 
smaller than embryos showing similar morphological features (i.e. of D.-H. 
stage 39) which had recently been removed from the mother or only 
kept for a short time in culture (Pl. I A, B). No abnormalities were noticed 
in embryos of the other groups. 

Our figures for the survival 0£ the embryos are inAucnced unfavour­
ably by the fact that over one-third of them were fixed when still alive 
and apparently healthy, in order to obtain a series for descriptive work. 
Had they been allowed to remain in culture until they died or hatched, 
like the rest, the number surviving for longer period$ would very probably 
have been greater. Nevertheless, the results show that over half of the 
group of embryos put up in culture during the middle period of develop­
ment (as at D.-H. stage 32) are likely to survive for a fortnigh t or more, 
and a third of them may live for over 21 days. After such long periods, 
however, they often, if not always, become abnonnal in some way. Only 
those put up at late stages (D.-H. 36 or later) seem to have a good 
chance of hatching. 

EXPERIMENTAL T ECHNIQUE .!'OR DISH CULTURES. 

The procedure followed differs s~ghtly from that of Panigcl (19~6). 
Pregnant lizards or slow-worms arc . kil_l~d by ether or chlo~o!orm which 
appears to have no effect on the viability of ~he embryos. lhe bo?y. of 
the mother is slit open and the thin-walled oviducts wrth the eggs 111s1de 
are removed and placed in a large Petri dish cont.lining 0.G% sodium 
chloride. T he oviduct is then pulled away with fine forceps and t.hc eggs 
released . These are then transferred individually by means of a wide pipette 
to small Petri dishes, each containing a circle of gauze moistened with 
0.6% sodium chloride. Slightly deeper dishes are necessary for_ the slow­
worm eggs, which arc bigger than_ those of _the common lizard. All 
glassware, instruments, gauze and salme arc sterilised. Although n<?t used 
by us, the addition of antibiotics to the !;Uline might be of value m pre­
venting infection. Fungus infections are prone to develop after long penocls 
in culture, but do not necessarily cause the death of the embryos, at least 
for a considerable time. 

The small Petri dishes containing the eggs are then placed in a 
large covered glass or plastic rece~tacle containin~ an_ ope1'. dish of water 
to preven t evaporation. Each egg 1s arranged m Its dish with the embryo 
uppermost and the yolk downwa.i::ds, s? that_ the progress o~ dcvelopm~nt 
can be inspected daily under ': d1ssectmg m1e:roscope; the li~ of lhe dis!l 
can be briefly removed for this purpose. It 1s usually poss1bk to tell_ 1f 
an embryo is alive by observing the flow of b]ood through the chor~o­
allanroic vessels; in the later !;tages, movrments of tlte embl)O can readily 
be- seen. 
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At least one embryo from each litter should be fixed after removal 
from the mother to give an indication 0£ the stage reached at the onset 
of culture : with rare exceptions, all the embryos in one female are at 
about the same stage of development. . . 

Operations are performed by cutting through the crnbryomc covermgs 
with fine scissors; although the embryos seem remarkably res1stan~ to 
haemorrhage, the larger chorio-allantoic blood-vessels should be avoided 
if possible. The tail is the:i sei~ed "".ith wat:chmaker's forceps and cut off 
proximal to the forceps gnp with sussors; limb-buds can also be remov~d 
in this way. To prevent prolapse, small p1~ces of cotton handkercl:1ef 
sterilised by boiling are placed over the rent in the membranes, to which 
they soon become adherent (Pl. 1 G). _ . 

Operations should be delayed until the embry~s have bee~ 111 cul~ure 
for a t least 24 houxs. This apparently allows the thm embry~m<: :-ovcr,n;1gs 
to harden slightly, so that the eggs do not collapse ~fter m~1SJon. I lie 
frequent failure of common liz~.rd emb!·yos to _hatch m Pamgcl culture 
may perhaps be partly due to difficulty m breakmg through the ha~deucd 
membranes. Embryos which hatch overnight are liable to drow~ m the 
humid dishes and this cause of death might be reduced by drammg off 
excess moist~e shortly before hatching is expected. 

DISCUSSION. 

The slow-worm seems to be more highly adapted to viviparity than 
the common lizard which has been reported to lay eggs under exceptional 
circumstances in the wild (see Panigel, 1956, for discussion). The c~s of 
the fonner species are larger than _those of th~ _latter and have thu~ner 
coverings so that the embryos remam clearly :V1S1ble throughout ~eve1op­
ment. Although no well developed placentati~m has been dcscnbed . m 
the slow-worm, it seems likely that phys10log1cal exchange, perhaps m­
cluding the transfer of food substances, between mo!l:er and cn!Lr:,-o, arc 
important. This is indeed, suggested by ~he abnonnaht1es shown m a large 
group (B) of our cultured e~bryo~. It 1s also supported by tb~ fact that 
Raynaud's culture method, m which a much greater attempt 1_s made to 
simulate the normal conditions of development, apparently gives better 
results. . 

Raynaud (1959 a, b) placed his s!ow-':"'orm eg~s in a series of specially 
blown glass chambers to support therr thin covenngs, and perfused them 
with a special solution containing chick albumen and other substances. 
He succeeded in raising embryos from "leur:5 premiers stades" for u~ to 
26 days, while embryos put up around the 1:~uddle of development survived 
until they were about ready to h~tch. Hi~ account suggests that ~om­
paratively normal growth was obtarned. I t 1s not clear whe~er o~dinary 
surgical operations could be perform~d on em~ryos cultur~d m tlus way. 
Perhaps the much simpler Panigel dish technique may stilJ be useful m 
certain types oi experiment on slow-wom1 embryos, where only short sur­
vival times are required, or where only the later_ stage~ are bemg ~tud1ed. 

Generally speaking, culture methods of va~1ous kmds seem likely to 
be most valuable in the study of problems relatmg to the later p hases_ of 
embryonic life. Operations_ involving the removal and perh_aps th~ graitrng 
of certain organs are feasible. Other methods for producrng _lesions such 
as irradiation (which was used by .;Raynaud, 1960) may yield r urthcr 
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interesting results. The invention of improved culture methods which are 
not too elaborate is clearly desirable, and a search should be made for 
other species of viviparous reptiles with embryos amenable to such 
techniques. . 

One serious criticism may be levelled at any results based on expen­
ments with cultured e,mbryos. H ow far can these embryos be regarded as 
normal and to what extent do any disturbances of growth to which they 
may b~ subject invalidate the experimental data? The answer will clearly 
depend to a considerable extent on the species of reptile and the method 
of culture employed. A careful study of the weights and measurements 
of cultured embryos, microscop>ic examination of their tissues ~nd a corn~ 
parison with conditions in nonnal controls may throw some light on this 
important problem. . . 

A practical drawback to the use of culture m~thocls 1s th~ difficulty 
of collecting sufficient numbers of pregnant females m the breeding season, 
which only occurs once a year in temperate climates. Since, however, 
pregnant common lizards usually conla~n. some five to seven fe~tile eggs 
and slow-wonns six to twelve or more, 1t 1s not necessary to sacrifice very 
large numbers of them in order to obtain embryos in significant quantit~es. 
The danger of exterminating natural populations of these common reptiles 
does not, therefore, seem very serious, especially if care is taken to collect 
them from several different localities 

SUMMARY. 
The literature on the experimental embryology of reptiles is briefly 

reviewed. Some experiments on embryos of Lacerta viuipara kept in 
Panigel dish culture, involving tail removal and refrigeration, are describe~ 
in outline. Results are given for the survival of 66 embryos of Anguis 
fragilis kept in dish culture. A third of the embryos put up around the 
middle of development survived for long periods (21 to 48 days) but most 
of them became abnormal in shape or size. Only embryos cultured very 
late in development were likely to hatch. Our experimental tech~que is 
described and problems involved in the use of culture methods are discussed. 
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LIVING WITH REPTILES: by KATHLEEN PmKARD-SMtTH, Nelson, 
Edinburgh. Price 18s. 

This is an easy-to-read "chatty" type of book, which might encourage 
those who have never kept reptiles to do so. I t is a great pity that more 
care has not been taken to verify the correct scientific name of the species 
mentioned. 

The description of a vivarium for keeping Bombino does not mention 
the fact that they need water in which to soak. This species is not happy 
without water, as it spends most of the time sitting in shallow water. T he 
yellow-bellied toad is not Bombina salsa but B. uariegata; also the edible 
frog is not R ana edulis but R. esculenta. The Handbook of Turtles was 
written by Dr. A. Carr; Jvor and Audrey Noel-Hume wrote T ortoises, 
T errapins and Turtles, published by F, Muller. 

I t is often written that the painted terrapin has been naturalised in 
England, but no colony has yet been found; also there is no sexual dimor­
phism with regard to shell colour in th.is group. The colour differences 
are sub-specific and not sex differences. The photographs in this book are 
excellent. The author has a great fondness for her animals, and this is shown 
throughout the book. MONICA GREE-N. 

LEECHES ATTACKING COMMON NEWT 
By R. A. L1rro N 

In the spring and summer of 1961 , I visited a pond in this district. 
The pond is of concrete construction with vertical sides, and has a layer 
of mud and debris with a little water weed. 
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T his pond abounded in specimens of the common newt (Triturus 
uulgaris) and, out of 20 speci10ens captured, l8 were infested with leeches. 
One, which died soon after capture, had no less than 12 leeches upon 
various parts of its body. As far as could be seen, the leeches merely 
remained on the newts long enough to appease their hunger, whereupon 
they dropped off. 

From my own observations and those of other naturalists in and 
around Bradford, this pond would appear to be the only one in which 
this happening occurs, but perhaps this is only a rare occurrence in and 
around this area. No other relatively large animal life was found in the 
pond, so that the leeches may be forced to prey mainly upon the newts. 
34 Parkstone Drive, T he Bank, Eccleshill, Bradford, 2, Yorks. 

THEY SHALL TANE UP SERPENTS: by W ESTON LA BARRE. U niversity 
of Minnesota Pre ·, Minneapolis. 1962. 
A study of the 1nychology of snake-handling cuits in the U.S.A. and 

cbewhere. 

T HE GIANT SNAKES : by CuPl'ORD H. P OPI~. Routledge & K egan Paul 
L td., London, 1962. 289 pp., 25 photographs. Price 50s. 

I have heard this author rcspectfuliy I derrcd to both as " the grand 
old man of herpetology" and "the ambassador of rcpt.iles". He deserves 
both t itles. All his books can be read with pleasure by both the herpet­
ologist and the layman alike, and it is such a pity that reptiles can't read. 

What makes this book different from the author's previous works 
of a general nature is that it covers a more limited field, dealing as it does 
with only six species. These are, however, no mean members of the world's 
licrpetofauna, but the six snakes which fully justify the tem1 "giant"­
the Anaconda, the Common Boa, and the four largest pythons (African, 
lndian, Reticulate and Amethystine). Apart from a certain amount of 
background information applicable to snakes generally, the whole book 
is devoted to facts and figures directly concerning these six snakes. 

The basic method of presentation is to consider in tum various facets 
of snake Jjfe...!....habitat, senses, feeding, reprod uction, growth, parasites and 
many others- and give in each case a general survey followed by a "break­
down" for each of the six species. Extra chapters under the heading 
'·Relations to Man" follow the same principle as far as it is convenient to 
do so. This is a very suitable method of compiling a book dealing with 
such a limited number of subjects, allhough its extension to the "Special 
References" might be objected to on the grounds of unnecessary complica­
tion and length (the 24 pages they occupy could probably be reduced 
to about six if all repetition of titles were omitted). 

Within the scope of what it has set out to do, this is a most inter­
esting and infonnativc book. I t can be very well recommended both to 
the laym:m who likes to read something better than fiction and to the 
expert as a hook not only worth reading once, l.,ut of permanent value as 
. 1 work of reference. 

J. W. STEWARD. 

G2 



Menzies Pl. 2 

Wittc rsham Levels and Walland Marsh, from Stone Cliff, looking towards Thornsdalc. 


