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A thermal function of the envelope of the egg of the
Common Frog, Rana temporaria temporaria (Linn.)
with observations on the structure of the egg clusters.

By

R. MaxwELL Sevacr

hqrnopucttoN

- The different spttics of the genus Ranahave several types of egg masses"

ts1rr", for examplr:,11. ternporaria,Linn, R. s2luatica LeConte, -8. pipiens
S9!re!er and /?. lmlu.ttri.r Le Conte, Iay their eggs in compact, rbughly
globular clusters. Othr.rs, for exanrple R. esculiita, Linn,-R. 'clarnilaris

Latreille and 1?. catt:.rltiarro, Slrir.w, lir,y their eggs either in small masses or in
a film which fl<>ats orr tlu: srrrfacc of thc water. Moore (1940) and Douglas
(1949) have suggcstcd thlt thc globular cluster is an adaptation to cold
weather, sincc all the spccics which have it breed early in the year and
inhabit relativcly cold climates. The species with the other types of egg
masses breed in warm weather. It had been previously suggested that the
egg jelly itself might possess the properties of a heat accumulator (Savage
1939). The present paper describes experiments and observations which
confirm these suggestions.

SoMB CnElarcAL AND Prrystcer, Pnopanrrrs oF THE Erwrlops
Chemically and physically the envelope is a very remarkable material.

It contains about 90,7/o of water (Sarvage 1937, p,250), and yet has the
properties of a solid. Thero are very few, if any, other materials, solid at
ordinary temperatures which havc as high a percentage of water. The
jelly of the Coelenterates, for examplc, is commonly considered to be an
exceptionally dilute solid, btrt because of the salts in the sea water, it has
much less water in it than the jelly of the frog's egg. Most of this water
comes not from the parent frog, but from the pond, for when the eggs are
first laid, their envelopes are but a small fraction of the size which they
attain when they are fully swollen. As a means of producing the largest
possible mass of solid material with the least possible expenditure of matter
and energy this jelly is possibly unmatched by artificial gels, although sim-
ilar products of other fresh-water organisms may equal it.

Since it has this very high proportion of water, it shares with water
many exceptional properties. For example, it has possibly the highes,t specific
heat of any known solid. That is to say, there is perhaps no other solid
which, once heated, will cool down so slowly. Yet, at least in the early
stages, it is transparent. Light energy will pass through it without being
much absorbed. At the centre, there is a black body, which will absorb
nearly all the radiation falling on it, and convert it into heat. Because of
the high specific heat of the surrounding jelly, the rise of temperature will
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llr: .sttt;tll, lrrrl s() will l,r, llrc rlrolr irr lrrrrl)('r;rlrrt'r' rvlr,'rr llrr. sr)ur'('(. ol' lrr.,tl is
r(:lIl()vcd. 'l.ltt'rc iu'(: no ('()ltvct:lirltt (:ln't'('trts, lrt:r';llt:i(' tlrc w:llt.t' lr:tsr s() lo
speak, trct:rt ilttttrolrilisctl. 'l'll(-'c()ntlrrctivity is low, so tlr;rl liltlr. lrr.;rl (.s(';rl)r.,s

from this ciulsiL). In slrort, tlrc whole ir,Frarrgr.nrent lrxrks likt. ;r lrr.;rl triulr.
Moreoy:r, ttre clurnp itself is approxirnatt.ly sptrerical, tlrr.irlr';rl slr;r1r,.for
minimising hcat losses, and the habits of the parent frogs cnsur'(,tlrrrl rniuly
clumps are laid togethcr, commonly in actual cont act.

ExpBruurxtar,

In order to see whether these effects were sufficiently markcrl to lrr: con-
firmed by experiment, the following tests were made.

An egg cluster was divided into two equal parts. One part was lrcrrtcd in
order to kill the eggs. Each was then left for a day in a 250 rnl. lrr.irkcr
alongside a third beaker containing water to the same volunrc. 'l'lrr. tlrrcc
beakers were left side by side near a window, exposed to the rl:rylirllrt ils
evenly as possible. After a day, both egg masses had a temperatrrre o[ tl.{}5o
C., but the water was only at 8.600 C. This showed (1) that mctalxrlir: heat
from the living eggs was not sufficient to produce a difference of tr.rnlrcra-
ture, under these circumstances, which was measurable with a tlrr:rrrrorrreter
graduated in 1/100ths of a dcgree, and so could be neglected irr srrbscrlrrcnt
experiments, (2) that the eggs were 0.25ro C. hieher in tcnrpr:r:rtrrrt: than
the water.

A 60 rvatt electric lamp was tltert arranqr'<l :rt ;ur erlrrirl rlislirrrr:r' l'rorn the
beaker with the killed eggs and frorn tlrr: lx.ak<'r ol' w:rtr,r. 'l'lrt liqlrt was
switched off and on at irre.qular intervals, and tlrr. rt'srrtts :rr<. rrrrrrrlcd in
Table 1. They show that the eggs heated up irr orrc cirs(' nr()r(. rlrrir:l<ly than
the water, but in another experiment they heated rnorr: slowly. On both
oceasions, the eggs cooled down more slowly, ttre dilfcrr:rrt:r: lx'twecn the
water and the eggs being 0.4o C. Left overnight with thc liglrt switchcd off,
the eggs were still 0.3o C. warmer next morning.

Ink was then added to the water in order to abrcrb r:rtliirtiorr. Both
beakers then warmed at the same rate, but when the light was switdrcd off,
the eggs remained warmer than the water.

An artificial jelly (L5/o gelatin in water) behaved in very much thc same
way as the eggs.

Experimentally, therefore, there is evidence that a mass of frog's eggs
exposed to intermittent radiation is, on the average, warrner than a similar
mass of water.

Flrr,o OssrnvATroNS

Table 3 sltows the results of a series of field observations, carried out in
many ponds and over a number of years. It can be seen that in general,
the eggs in a pond are warrner th.an the surrounding water, by an average
of 0.630 C,, the temperature being measured in both eggs and water at
about the same depth below the surface. This point is important, because
if the temperature of a pond is explored with a thermometer, parts may be
found which are warrner than the eggs. This is so, for example, among the
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wt'r'rl rrral.:rl. l.lrc lxrltrrrrr o[ t:Lrar slrallow wat<.rr irr lrriglrt srrrrslrirxr. lrr sut:lt
<:irr:rrrustirrx'.c.s, the radiation is converted into hcat whr:rr it strikes thc
lx>tttrrn, and the pond warms frorn the bottom upwards, just as it would
if it were to be heated frorn below. Convection currents tend to equalise
the temperature in time, but do not work fast enough to abolish the differ-
ences. T'hese locally warm places are not representative of the main part of
the pond, but because of thesc and other variable factors, it is not to be
expected that the eggs will always be warmer than the water. AII that this
paper shows is that thcy ucrrcrally are. The differences persist after dark
and are to be found s<xxr :rftcr <l:rwn.

DrscussroN

The differenccs irr t('rrrperature which have been found may not seem
very large. They :rn., however, larger than were expected when this work
was planned. Mrrr:lr srrraller differences would have bean regarded as signifi-
cant in the Iifc of tlrr: [rog.

Rana temporaria sccrrs to hc wcll adapted to breed in cold weather. Of
all the Europearr Arrrrra, it hnx:tls ttrc carlicst, and may spawn before the ice
has left the ponds. In l)rrgland, most of the spawn is laid in the late winter,
and in some plarr:s it rrray oftcn be found in February, or even in January
(Savage, 1935). It thrives in the Alps, not far below the snow line, where it
breeds in June, soon after the snow has uncovered its breeding pools. Both
tadpoles and frogs grow there to an unusual size.

An animal which thus exposes its eggs and early tadpoles to temperatures
little above those which are lethal is peculiarly sensitive to small differences
of temperature. For a surrmer breeding frog, it can matter little if the tem-
perature drops, say 0.2o C. For a winter breeding animal, this may be all the
difference betwee.,rr a lethal temperature and one allowing survival. It is not
necessary that an event should occur often for it to be of critical importance
for the survival of a species in an area. If for example, a catastrophic drop
in temperature occurred only once in a century, re-colonisation of the area
thus deprived of frogs might have to take place over distances of hundreds
or even thousands of milcs, and a century might be all too short a period
for this to happen. Were some eggs in the area only a degree or so warrner
theur the water, some might survive, and spreading would take place from
many points within the area.

Besides the stark alternatives of suwival or extinction, there may also be
lesser advantages in thcse differences of temperature. The warlner the eggs,
the earlier they will hartch. Work which is not yet complete suggests that
it may be an advantage for tadpoles to hatch early.

Moore (19,10), Douglas (1949) and the writer are in agreement that the
globular cluster is an adaptation to cold conditions. Moore and Douglas
do not discuss in any detail why they think that this shape is better for cold
weather, presumably basing their opinion on the obvious fact that this is
the shape which presents the least surface for cooling. The temperature
measurements in this paper show that this is only one part of the effect,
and that heat generation and storage tale place as the result of the physical
properties of the jelly, when it is exposed in a natural environment.
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'l'nrr l )ts,rtrvAN t A(n4ii ()tr 't'lt4 ( lt,otrtrt.Alt ( ll,trr;.l.tcR

_ l)otrglirs (l1)'11)) rlt'sr rilx'rl tlrr, rlislrilrrrliorr of tlris ;urtl ollro' slrrr:ics o[
l')trtolrt':trr Arrru':r, irrr:lrr<lirrg s()nrc ln(.:lsrrr(.nl(.nts ol tlrc tlrr.r.rrurl i,,ler,,rrc,t
of tlre trggs. I-Io cont:hrtk:d, as did Hcrtwig (ltigti) tlat ll. tt:trtlmntnz is rrot
only adapted to cold <ionditions but tlrat it is urrablr. kr rrrlonisr. w;rnner
places, because the eg.gs cannot withstand such high tclnl)(.l.illlr1'cs as are
quite suitable for R. esculenta. Moore (1940) came to sinril;rr r.onclrrsions
about the North American species which lay their eggs in glrilrrrl:rr cltrsters,
for example, R. sytua:tica, R. palustris and R. pipiens. Urrlikc l)ouglas,
however, Moore ascribes the inability of the eggJ to survivr. wirr"rrr con-
ditions to insufficient supplies of oxygen, considering that tlr r,nrl;ryos
insidc the cluster have to receive their o>rygen by diffusion throrrglr about
two inches of jelly. When the oxygen requirements are raiserl lry the
accelerated development which is induced b-y the high tempcr':rtrrrc.s, in-
sufficient oxygen diffuses through and irregular development or cvrrrr death
oJ the embryos is the result. Douglas, on the contrary, specifically states
that oxygen requirements were not of importance in hii experimerrti on .R.
temporaria, although it should be noted ihat he divided up hls r:lrrsters.

Since the laboratory aspects of this problem have also been strrrlied by
chemists, the zoologicil [ttrature is noi a complete guide to thc availabll
knowledge. Needharn (1931) discusses in detail temperature tolerarrccs, and
reactions to abnormal conrlitions for gaseous exchange, and givcs many
references to relevant work. In a footrrote to Table 68, p. 5102, he states,
"Hertwig's and King's ligurcs :rnr intcrestine ltoclnrsc /lnza lusca and
temporaria lay early in sJrrirrg wlrr:rr thc wrtt:r is oftcrr fret:zirtg; Rana
palustris and escutenta latcr, and Bulo lcriliginosus latcr still. Giglio-Tos
has emphasised the importance of this in ecolouy." The figures to which he
refers show thal 'Rana fusca'*has a lower optimum and a lower maximum
temperature for developmcnt than the other species. There are many other
parts of this book which havc a bearing on the laboratory aspects of this
problem. For example, it appears (p. 678) that the irregular development
observed by Moore has had much attention, and that although the question
is not yet settled, the balance of opinion seems to be that carbon dioxide
excess rather than oxygen deficiency may be the responsible factor. There
is general agreement that an abnormality of gaseous exchange is involved.
Why, then, does it not occur in the field, for clusters in their natural en-
vironment are almost always evenly dweloped? According to Moore, it
is because the temperatures in the field at the relevant season are sufficiently
low for diffusion of oxygen to be sufficient at the reduced rate of consump-
tion, even for the inner embryos. But Moore did not describe any experi-
ments at low temperatures. In 1938, however (Savagg 1938, p. 474) details
of an experiment were described, in which for purely technical rsasons eggs
wers retarded by being kept every night in a refrigerator at about 40 C.
and during the day at about 10o-l5o C., ternperatures rather below
those usually prevailing in the ponds. It was {ound that irregular develop-
meilt occurred unless the egg clump was torn apart. Mo.reover, the following
experiments make it appear doubtful if, under natural conditions, even the
centre of the clusters is likely to be short of oxygen, or to accumulate carbon
dioxide. 

60 
*R. fruca:R. temporaria

Tnr INrrnNer, Srnucrvns, oF TrrE Eco Cr_usrEn

An egg cluster of R. temporaria was examined under a binocurar micro-
scope. It could be seen that there were spaces, roughly triangular in section
between the separate envelopes, as wouid be'expJctril frori the fact that
the cluster is an assembly of-spheres. If these rpi""* were closely watched,
debris, cir sometimes swinrrnirlg animals, could'be seen to "*"rg". lt ap'-
peared possible that thc.gu <:lrrmps contained channels through wLich watir
could circulate. If aborrt onc rnl. of indian ink is placed oriar, .gg clump
with the aid of a pipr.tr., whik: the clump is floating freely in *iIer, and
the subseg,uent evcnt$ frillrwcd with the microscope oi even'with ttre riatea
eye, the ink c-an txr sc.'rr to flow through a networliof anastomosing channels.
I.n a yery _short tirrrr:, usually about thirty seconds, the ink "goes right
through, collecting in :r pool on the bottom of the vessel, verticilly under
the point where it ('ntcr.s. It is therefore evident that the clump is freely
permeable to crrrr('nt.s of water, provided that the conditions are such thal
these will be intlrr<:r.rl. If tho American .species of. Rona which have egg
clusters like tlr,s. ol' ll . trmporaria in ouiward appearance, also resemb]6
this lpecies irr tlrr'1xxst:ssit>rr of tlrese "intercapsulaf ihannels,;, then Moorers
conclusion tlrat tlrr: irrrrr,r trnbryos may be-two inches from a supply of
gxygen is incorrc<:t ,thc rcal distance is 2 or 3 mm. And yet the coriclusion
that embryos in thcrmostats often suffer from lack of 

'sufficient 
gaseous

exchange is, as prcviously stated, accepted. What then is the explination
9{ -thu irregular dcvelopment in thermostats? It is probably that the con-
ditions in a thcrmostat do not allow the intercapsular channels to function.
Moore used a thermostatically controlled room for his experiments. The
better a thermostat, the more completely is convection-abolished. He
covered the eggs with "just sufficient water." This may have hindered the
circulation of the water by closing thc lower ends of the channels. He makes
no mention of rnechanical agitation, yet in a pond, wind action is usually
sufficient to agitatt: the surface of the water, and thus impart an oscillation
to tle clumps, which seerns likely to produce a bellows action within the
clump, sucking and cxpclling water from the channels. Unless the clumps
were irradiated, differences of ternperature produced by the effect described
in this paper would rrot be set up, and convection from this cause would
not be present. On the whole the e,xperimental conditions departed very
much from those of the natural environment. The most probable explana-
tion of the irregular devclopment of frog's eggs in a thermostat is that it is
a laboratory artefact caused by the cessation of water currents through
intercapsular channels.

If this is the correct explanation, then it is possible that in tho natural
state, even the inner embryos in the globular clusters always have enough
opportunities for gaseous exchange, in spite of the occurrence of higher
ternperatures than normal. In the 1949 season, the temperature of some
ponds exceeded 2lo C. for a time, but the eggs developed normally. Eggs
collected and placed in a small dish at temperatures of between 160
and ZLo C. de,veloped irregularly. I
of distribution are set by difficulties

_ effect being more probable.

t seems doubtful if the southern limits
in gaseous exchange, a direct thermal

6l
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Stlrtr nlnnv

It has becn showl that the jelly of tfuc lgg <>[ Il . tt:rttltortrio is:r sub-

stance havilg remarkablc proptrties. lt t:onsists itlrttttst ortirtly o[ w:tter,

."J * has rriarry of the rrriqrl properties of water, brrt lx'irrg. l.tnre solid,

altosether lacks'convection turienti. The result i$ ttrat uxlialirur falling
;; iir" black embryonic body at the centre is converted into lrt'at which is

Jissipated with exteptional'slowness. Natural egg masse.s, .togt'tlrt:r with
artilicial jellies, when they are exposed to intermiitent radiatiorr, :rrc main-
t"irJ at"a higher urr".rgL tempeiature than similar masses of wattrr. Field .
observations .lot nt* thJt the 

-egg 
clumps art generally warmcr than the f

water which surrounds them, a di=fference of 20 C. being sometimcs obscrved. E
The avcrage difference is 0.63". It is suggested that in a specie.s o[ animal f
which brceds so early in the year that temPeratures below lreeztng Pornt V
ma' sometimes occur a^fter t}e eggs are liid, quite small _differences of
temperature may be of great importance to the-Peci-=, enabling.some eggs

to slrvive what would "be othe'r*ise catastrophit climatic conditions. R.
temporariainhabits the colder palts 9f Europe, and rang-es up to the summer

,r,o* lir," in the tnourttains. 
'The heat consbrving jel'ly, the globular egg

"l"ri"r 
."a ifr" nuUit o( rnass spawning may all contribute to the ability of

the frog to survivc in theie placcs.
It hai been fotrnd that tlic t:gr clttstcr contains a system of anastomoslng

"tu"""lr, 
which may trr: c:rlkrl iiro "intcrcapsrrlar channels." Ink placed on

;h;;pp& ,rrtfu." of a clt,rr,p- rapitlly.flows vcrtically through the mass,-and

i" u i.i* seconds, appears U"lo-. It is strggcstcd that the existence of these

Lfr*n"l* o<plaini how it is that in the field, the embryos in different parts

;-i th" ;".J dwelop at the same rate, but-that in therrnostatq where the

currents of water are prevented from circulating 4 -4" intercapsular

"[u"""ir, 
irregular development often occurs. It is p-robably through these

"ii""""ir'tfr"t"the 
taapolei ma^ke their way to the surface so soon after they

hatch.--Tli" results of Moore (1940) are considered in the light of these observa'

tions. He co,ncluded that the globular cluster is a1- adaptation to cold

**in"r. 
-li 

ir tto"gtt doubtfuf, however, in vieu, of the er<istence of the

i"t"*"pr"lur channJls, which appear noL to have been observed befor,e,

*t 
"tn& 

hck of o*yg"r, r"tr . solthern limit to the distribution of those

6;;i* tf Rono whirh have this type of %8- TN: It is thought that a
d'irect temperature effect, such ar ir suggeste-d by Douglas (1949) is more

likely. Irregular development is probably a laboratory artefact'

TABLE 1

Ternperatures in two beakers, one fitled with water', and the other with an

"q"uf 
Jol,r*e of eggs, killed by heat. Intermittent exposure to radiation

from a 60 watt lamP.

Time
07.00
07.50
08.30

Light on or oll'.
On
On
()il'

9.95
9.85

9.3 5
9.95
9.55

I nk added to water.
8.3s
9.70

11.25
11.65
I 1.65
I 1.05
I 1.00

Temperatures oC.

Waler. Difference.
8.75 +0.15
9.25 +0.70
9.60 +a.25

9.15 +0.20
9.85 +0.10
9.15 +0.40

8.30 +0.05
9.70 +0.00

1 1.30 --0.0s
lL .7 5 -0. 

l0
1 1.95 -0.2010.75 -0.3010.70 +0.30

9.9s +0.80
12.50 +0.10
n.6a *0.0012.80 -0.1012.90 -0.0513.40 +0.05

Eggs.
8.90

06.50
07.50
10.45

( )rr
()ll'
( )ll'

18.45
r 3.45
18.00
18.4s
19.45
22.1O
22.3s

( )tr
( )rr
( )rr
( )il'
( )tl'
( )n'
( )il'

08.1 5
20.00
20.|s
20.30
20.45
23.tO

Time
t9.47
19.52
19.57
2A.O2
20.07
2AJ2
20.17
20.22
20.27
20.32
20.37
20.42
20.47
21.07
21.27
21.58

( )il'
( )tr
()n
( )rr
On
()r't

Light on or olf

10.75
12,60
12.60
12.70
12.85
12.45

TABI,E 2

Ternpr:ratrrrcs, rncasrrrrul by two thcrmometers, each with the bulb black-

enecl urra irlrr,,ri"sccl irr rr firo gclatin gel, and in water resp-ecti"9ly, corl-

tained in lxrilirrg tulxrs, h:rvi,.rg tlic sam"'-rolume. Illuminated by u 100 watt
lt*p.

On
On
On
0n
ofr
off
ofr
off
On
On
On
On
off
On
off
On

#

Jelly.
9.70

11.20
12.15
12.95
13.55
12.25
12.90
12.55
12.30
12.95
I 3.60
14.30
14.85
13.20
15.45
12.80

Temperatures
Water.

9.65
1 1.05
11.90
12.65
$.24
12.95
t2.60
12.35
12.15
12.70
1 3.30
I 3.90
14.40
12.95
I 4.85
t2.60

or!\,.
Difference

+0.05
+0.15
+0.25
+0.30
+0.35
+0.30
+0.30
+0.20
+0.15
+0.25
+0.30
+0.40
+0.45
+0.35
+0.60
+0.20

The orperiments were repeated with similar results'
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Tclnper;rttrres irr cg.g clustcrs anrl ilr tlrr: 1ry111.1 rrlorrl1sirl,.. l,'ir.lr I ol)s(.t.v;r-
tion.

Temperature 'C.

Pond.
Green Street

West Railway,
Ditch

Date Time
t9 .3 .39 I 5.30

West 19.3.39 16.00

ln
eggs

7.9
8.3
7.8
8.0
8.1
8.3
6.5
6.1
6.4
6.6
5.2
5.9
5.9
6.0
5.6
5.0
5.3
.5.3

5.2
5.5
5.9

8.7
8.3
9.0
10.2s
10,25
9.7 5

I 3.0
12.90
t4.s
13.6
9.0
8.6
8.7
6.7
5.9
5.9
1.1
1.0
1.5
6.6

12.8
19.0

In
water

7.2
7.2
7.8
7.2'
7.1
7.1
5.9
5.9
5.9
5.95
s.4
5.5
5.7
5.3
5.2
4.9
5.2
5.2
4.9
5.2
5.0

5.6
5.9
6.1
5.9

Difference

+0.7
+11.
*0.0
+0.8
+ 1.0
+1.2
+0.6
+0.2
+0.s
+0.6s

-o.2+0.4
+o.2
+0.7
+0.4
+0.1
+0.1
+0.1
+0.3
I0.3
-l 0.9

N o lcs.

Cold nortlr wirrtl,
occasiorur I slrowors
dull.

Isolated clunrp.

Nerv laid clump.

A night visit.
Tempererture at
top of clump, 3.4,
at bottom 6.0.
Water, 5.2 at
bottom among
weed, 4.7 at top.
Soon after dawn.
Heavy rain at
dawn, clear with
sun when readings
were made.
3 clumps. Windy.
Air, 5.8.

9.5 under weed
mat at bottom.

Water cloudy.

Water cloudy.

Water cloudy.

Battlers Green

Green Strect

Green Street

Garden

Palmate newt

Green Stre.:t

Garden

Garden

Garden

Garden

19.3.39

2l .3.39 2t.t.5

22.3.39 08.15 6.7
6.3
6.1
6.2

2s.3.39

26.3.39

2s.3.39

2s.3.40

16.3.41

17 .3.41

18.3.41

15.4s
18.10

7.8
7.8
7.9
10.4
10.1s
10.10
9.90
12.7
12.7
t4.o
13.1
8.85
8.75
8.7
6.2
6.0
5.8
1.0
1.4
1.4
6.9

t2.s
t7.o

+1.1
+0.4
*0.0
+0.3

+0.9
+0.5
+1.2

-0.15+0.10
_-0.35

+0.30
+0.2
+0.5
+0.5
+0.15

-0.15+0.0
+0.5
*_0.1
+0.1
+0.1

-0.4+0.1

-0.3+0.3
+2.O

18.55
Bentley Heath Village
Bentley Heath Church 
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&t:

I)ontl.
Lowcr I'arkficld
Lowcr Parkfield
Dagger Lane

Bluebell Wood

Bentley Heath Villagc

Bentley Heath ( lhrr rr'lr

Upper Parkliekl

Lower Parklicltl

Bentley l-Ir;irtlr ( llr tr rclr

Bentley Heatlr Villugo

Hospital Pond

I)ate 'Iime

'l'cntpt:t'irturc "('
ln

watcr
I 1.0
I 1.5
r 0.5
10.5
10.5
10.5
15.0
13.0
I 3.0
9,6
9.6
9.6

Notes.
I n shadc.

Some spawn
hatched. Sunny,
cold wind.

The first two
clumps had been
almost destroyed
by moorhens, The
third was freshly
laid.
Spawn completely
destroyed by
moorhens, and a
mere film on the
water.
Spawn deep owing
to recent rain after
drought.
The first four were
under duckweed
cover. The last
two were not.

The last entry is
from the centre
clump.

An exceptional
number of clusters
estimated at 2000.
All on the bottom,
not floating.

r7+s

.1.,1.4lt

5.,1..[8

5..[..trti

5..1..1ti

5.4 .48

26.3.49

26.3.49

26.3.4e

16.00

le.(x)

1e.30

I)illbrcnco
+0.0
+0.2s
+2.0
+ 1.5
+ 1.5
+2.0
+0.0
+ 1.0
+ 1.0
_-0.4
*0.0
+0.4

+0.3
+0.4
+o,2

-0.5+0.4
+ 1.1
+1.7
+0.7
+2.8
+2.O
+1.7

+2.0
+ 1.0
+ 1.5
+0.3
+0.1
+0.3
+ 1.0
+0.9
+0.3

In
cggs
I 1.0
11.75
t2.s
12.0
t2.o
12.5
1 5.0
14.0
14.0
9.2
9.6

10.0

I 0.5 10.5 +0.0

e.6 e.5 + 0.1

9.6
9.6
9.3
8.5
7.6
8.6

21.2
20.5
20.6
2l.s
t9.2
21.5
16.5
I 4.5
16.0
I5.5
14.6
13.8
14.5
14.0
13.5

9.3
9.2
9.1
9.0
7.2
7.5

19.5
19.8
17.8
19.5
17,5

14.5
13.5
14.s
15.2
14.5
13.5
15.5
13.6
13.2

Mean differencc in tcmperature betweem spawn and water : 0.630 C.
Number of prx;itivc dillerences : 63. Number of negative differences : 10.
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Duration of life in Rana tempordrid Linn.
By

M. A. WnsoN, M.Sc., PH.D.

It has recently (Srnith, lf)4'9) l>r:r:n r:nr1lh:rsiscd how little; is known of the
growth and cluration ()[ li[r: o[ tlrr: (l<)rnrn()n Frrr[. Thc only rccortl I have
found of its lraving bccrr rt'lrrr:rl flrorrr t[rr'(:g,r{ to nczlr" rnaturity is that of
Flower (1936). He also rnentioncd s()rn(: spr:t;irn('rri wlri<:h rt corl"ospondent
had succeeded in keeping longer. P[rotographs of *rcse havc bccn published
(Wilson, 1937) and a fuller description fo,llows.

The frogs were reared by Miss R. E. Purdey, formerly on the staff of the
Public Central Girls' School, Plymouth, and sornetime Secretary of the
Flymouth and District Fielcl Club, to whom I arn indebted for the par-
ticulars on which this account is based.

Spawn was obta,ined in Nzlarch, 1930, from the Plymouth area, and
metamorphosis took place in June. Four of the small frogs were retained,
and kept at fi.rst in a glass bowl, later in a wooden packing case containirg
a dish of water and leaves (generally ferns) but no earth. After metamor-
phosis they were fed on green-fly (Aphis), the nymphs' of cuckoo-spit
(Philaenus) and earthwor, ns, and in later years on slugs, caterpillars and
larger earthworms. The frogs were kept almost entirely indoors and did
not hibernate, although they ate little in winter. Probably the room ternpera-
tures were too high for hibernation, which accorditg to Barth6l6my (1926)
only takes place below B-10o C"

In 1931 it was possible to identify their sexes, three being female and
onc male. The latter, r,vhich grew faster than the females, began to croak
in Aurust, 1931, and haC developed nuptial pads by January, 1932. In
March, 1933, all the fernales spawned, but the eggs proved infertile. The
followirg March only two spawned and again the eggs were infertile. f)ur-
ing all this period no mating was observed although the male was capable of
the nuptial embrace; the females appeared to avo,id him by keeping still
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wlr,'tr lrrr nl()vc(l irr tlrcir dircctiorr, lrrrt o,rr onc occasion tre scized a fernalc
lry tlrt: v(:ntral surface*; she was artificially released from amplexus.

'l'lrr-' two specimens which spawned in 193+ died shortly afterwards, one
irr April, thc other in Muy. Although Flower (personal @mmunication)
assured Miss Purdey that in nature female frogs do not usually die after
spawnirg, she was imprc'ssr:d by their weakness and relatively great loss
of weight (see Table).

The remaining fcrrr;rlc tlicrl irr Atrgust, 1938, when nearly B* years old.
She had only spawtrcrl (,n('(';:r(itin temperature conditions may explain this
since Barth6l(:my (11):l(;) l'orrrrr.l ir, r:ertain degree of winter cold necessary for
the maturatior) ()[ tlr,' [r'rrr:rlr, ol tlris species (Rana fusca = R. temporaria L.).

The male c()ntirrrrctl irr norrnal health until the end of L9+1, when he
appeared to havr, rlillrt'ulty irr sceing moving prey and less power to grasp it.
He died in Apr"il' ll)'12, a[ an age of 12 years 1 month, the, longest life
recorded for /i. I t'ttt ltttt ttriu.

So,me dzrtrr, ol' tlrc rixrwtlr arrd life history of these frogs are given in the
fo,llowing tablt:.

Spawn ob-
tained Marclr
1930, Meta-
morphosis
June, 1930

.llrtt.
I e.l2

liclr.
t e.l2

Feb.
1934

Lcrrgth [,cngth Length Wt.

1935-1942

Length Length Wt.

lictr. 1933

March
r 933

Wt.
after

spawn-
mg.

68
29 ta 49

(died April,

from 42.5

Aug.,

(spawned
March
1934 ;
died

(spawned
March
1934 ;
died

Length from nostril pad to end of body in mms.
Approximate wt. in gms. (converted from oz. on a letter-balance).

*According to Savage (1934) a ripe female held thus does not struggle,
but feigns dcath until thc embrace is released. In one instance this was
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not till 2 hours later.
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S1rt,t:inr('tt.s tlcst:t'ilrrtl lry l"lowr'r' (11):t(i) ;rs rrir(:lrin1; iur ;r,.1(' r,[ 4 y(.lni w('r'(:
strurller irr siz,t: rtttrl lr:xl skrw('r'u-rr),wt.lr r"irtcs. 'l'lr(. lilrn(',rllgllir.s lo:r rrurlc
frog wlrictr a I'lymoutlr schoolboy (['aul ,ft'll't:r'yr l)r'r"sorr:rl (:()nuurrrrir:irtiorr)
has reared frorn ttre egg: when nearly 2 ycars okl it wrts .rr(i rnnr. lorrl;, ir
year later 60 mm.; now (October 1949)it is 70 mm. and 7f, yl;us okl.
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NOTES

AIJNORMAL HEAD SQUAMATION IN NATRIX NATRIX

, Tfrqrgh the kindne_ss of Dr. Angus Bellairs I received the head of a newhatchcd srass snake fixerr in x"rfi"rr n,iia for histological study of theretina' The head .showrrr ,, ,,,,r,t.. of 
"u""r*a features tsii[" ,[r*o.tiorr,which are tre.rg -figurtrr. 'r'rrr:rc i- ai*rg""ir"'t6"";i ,#;,iliTr ,r* u",three sup,ralabials, trr. r.rrr;xrr':rrs and thE pa.i"tatr. a r*i"r" *"nilr, l huu"not seen before is irrr irx,rrrlrft.tr: suture i" isrtatiorr,;;l; il;,.1oi, ,fr" t"f,hand parietal. .t'tr.r,r.is 

:r t.ir 
",;";;;;-;i-symmetry to the abnormalitieswhich suggests thar tl-rr"y rn:ry ri"".-r-g"".di"a u.Jiu.-si"""-irr" ernbryonormally.lies o, ils rr.fr sicrc ia"rrrg"-'*; a"" to **" L*iiri"lu, innr.ence d.uring d.vr.r.1,rrrr-rrr.wourd t i;rgil. u"-rir.Jf-i" ;ffu.J a moremarkedlv asvmrrr.riir::rr ;rbnormarity. fi.-"u., ilg+lr-i.""""J rt"risticaflysignificant- bilat"nrr ;rsyrrrrrotry in irre 

-rr".a 
uqrrurration in colections ofseveral differc,t sr.,:i,ri ,,f .snailes. rni, *"ra-fr;rh6;;; 

"iri;:"i"a to thefact that thc cr,,,iriti,,,,*.*ithiii-ii,g.**;,ot exactry the same for thetwo sides of thr: hc-",d. 'r'rrc u,dcrsicre"ot trr" rr"aa -n"*"0 i"" i"irlabialsmeeting the a,t.rior rgcrrial, ,, .o.rr-o,, 
""""gh "u.iution. ?fii , ng.rr" ofthe normar hcad sruamati.,,, sce s";r.;s; arbTg);;ffii ribiill benruuNDEEwooD, bcpt- ,t'z"a6i'iiii"")riry colege of the west Indies,Mona, Jamaica, n.W.l.

Bouleng€r, G. A. (lglg). The Snakes of Europe. London.
Angel, F. ( 1946). Faune de France. Reptiles et Amphibiens. paris.

Klauber, L,. M- 
J.l 945). flerpe_to,logical Coruelations f . Correlations in Homo-

seneous Populations. Bull.- zool. soc. san Diego No. z l.
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[Jndcr tIrr: :rtr<lvc lrt:ir,tlirtg t.lr<r lollowirrg trott: rrl)lx'rrt"(.(l irr tlrr. ( )r'lrilrt.r-
I)eccmbcr issuc of "'I'llc Naturalist" for 1949 anrl is ol'ilrlrrrst to rn('rrrlrt:rs
of this Society.

I wish to notify that I have introduced the followirrg into v;rrious
Iocalities.

Rana esculenta (Edible Frog). Eight pairs taken from :rrorurrl l-Iarn,
near Teddington, introduced into suitable watersr near Thorrrt:.

Rana ridibunda (Marsh Frog). Eight pairs taken from aroun<l Apple-
dore and Romney, Kent. Introduced into unfished waters at Thorne.

Bufo calamita (Natterjack). Four pairs purchased from a dealer;
introduced into disused sand-pits in the vicinity of Finningley.

Lacqrta agilis (Sand Lizard). Taken from round Christchurch,
f)orset. Seventeen lizards, including nine heavy with eggs; released on
.sandy wastes round Dunsc'oft, near Doncaster. 

\,V. BUNTING
Othcr irrtrodut:tiorrs lrru) Hclix pomatia (Roman Snail), Hydrophilus
piccu.r (Giant Wrrtr:r' llt:t:tlr:), :rnd l)rosera longifolia (Long-leaved
Sun-dcw).

SCALE, VARIAT'ION IN T'IIIi SMOOTII SNAKE,
CO RO]V L,LLA AU ST RI AC A LAURIiNTI

A male smooth snake from Willis Down, Bournemouth, was presented
to the British Museum of Natural History'in 1949 by Lt.-Colonel F. C.
Fraser. This specimen, norrnal in other respects, was found to have a num-
ber of single subcaudal scales instead of the usual pairs. As far as is known
this is the first record of such variation in these snakes. Examination of 90
specimens in the Museum's collection showed this vartation to be present in
4 specimens.

Countirg the subcaudal scales from the vent towards the tail tip the
variations are . 

-Male. Austria. 3rcl subcaudal scale single.
V.ry young. Austria. l8th-Z0th subcaudal scale single.
Male. Germany. 10th, 13th, l5th-22nd, 24th-25th subcaudals

single.
Male. Willis f)own, Bournemouth. 10th-l?tb, 14th-20th, 22nd-

23rd subcauclals single.

The geographical composition of the series of specimens (numbers in
brackets) in the Britis[r lvluseum is:-England (13), France (11), Belgium
(5), Germany (B), Italy (5), Austria (23), Roumania (10), Bulgaria (2), Spain
(6), Yugo-Slavta (2), Russia (2), Turkey (2), Greece (1).

J. C. BATTERSBY, British Museum (Natural History).
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