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MINI-REVIEW: 
THE ORIENTATION BEHAVIOUR OF AMPHIB IANS 
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(·I r·crpred :! I. 8. 90) 

I NTRODUCTION 

M igrations from one microhabitat to another. 
during development or reproduction, form part of the 
life h istory of most A mphibia. The em bryonic and 
larval development often take place in bodies of water. 
and larvae regularly move between the sites which 
provide food, shelter, or other resources. During 
metamorphosis tadpoles of the terrestrial species 
orient towards the shore l ine . .Juveniles disperse over 
the  adjacent areas, somet imes reaching places several 
k ilometres distant from their natal site. Adults return 
to specific breeding s i tes .  sometimes in  spectacular 
m ass migrations. These exam ples demonstrate that 
amphibians migrate during all developmental stages, if 
i m portant habi tat resources such as food. shelter or 
mates are spatially separated. 

During the  past decades many studies presented 
evidence that migratory amphibians and even some 
sedentary species exhibi t  orientation behaviour 
(reviews: e.g. A dler. Vertebrata Hungarica 21. 7. 1982 ;  
Ferguson . Ann.  NY Acad. Sci. 188, 30. 1971; S insch. 
Ethology Ecology and Evolution 2, 65. 1990). 
Displaced individuals are a ble to relocate known sites 
(e.g.  ponds. home ranges) using a variety  of directional 
cues to accomplish homi ng. This review summarises 
the  present k nowledge on the complex relat ionships 
between developmental stage. migratory range and 
preferred orientat ion cues. 

M I GRATORY B EHAVIO U R  

N avigat ion means long-distance orientation 
independent of familiarity with the release site (Able. 
i n :  A n i mal migrat ion.  orientation and navigation (ed. 
Gauthreaux ) .  283 ,  1 98 I ) . Therefore, the first step of 
analysis of orientation behaviour must be directed to 
the  migratory experience obtained by larvae, juveniles 
and adults. Presently. our knowledge is l im ited to the  
scarce data on  some terrest rial A nura and Urodela, 
whereas information on aquat ic  species and 
G y m nophiona are absent. The next  step of analysis 
concerns the  evidence t hat amphibians  home to 
specific sites in their habitat .  Site fidel i ty  permits the  
experimental approach to orientation behaviour 
because the  goal of displaced individuals can be 
predicted and the spat ial range of homing response 
est i mated. 

Natural migrmorF range: The spat i al experience 
obtained during larval development ranges from none 

in  terrest ria l-broodi ng and viviparous spccil:s to the 
size oft  he natal pond. I n s t rca m-breeding species such 
as A111b1·srn111a 1exm111111 (Pet ra nka . .I. Hcrpet. 18. 106. 
1984) and Ascaph11.1· 1rnei (Landret h & Ferguson. 
Herpetologic:-i 23. 81. 1967) drift may increase the area 
of familiarity considerably. General Iv, the cont ribution 
to local knowledge ga ined during the larval stage 
appears to be sm all in most amphibians. 

I n  con trast .  dispersing juven iles move up to 800m 
per n ight (Rana pipie11s: Dole. Copcia. 221. 1971) and 
max imally 35km away from their natal pond (Rufo 
mari1111s: Freela nd and Ma rt in .  Aust. Wild! . Res. 12, 
555. 1985). Juveni le  Rufo 1rnodho11sii arc about six 
t i mes more vagile t han conspecific adults (Breden. 
Copeia .  386. 1987). Observat ions on Rufo calm11i1a 
(Sinsch. unpubl . )  support th is stage-speci fic difference 
in migratory activitv.  At least in these species t he local 
map of adult s mainly bases on the migratory 
experience obtained during the juvenil e st age. Further 
quant i tat ive st udies shou ld reveal whether the 
migratory range of juveniles is generally greater than 
that of adults. 

The migratory range of adults ranges from a few 
met res in sedentary sala manders to 5.2km and 15km 
respectively in the  frogs Rana pipiens (Dole, Copeia.  
221. 1971) and R. lessonae (Tunner, Austria;  pers. 
com munication). The maximu m  speed of migration is 
500m per night in Bufo bufo ( Gelder, Herpet. J. I, 11 1 , 
1986) and 400m in Tari cha ril'ularis (Twit ty  et al., Proc. 
Nat .  A cad. Sci .  US 56, 864, 1966). Thus, all maximum 
records of migrat ing adults are cons iderably lower 
than those of juven ile amph ibians. Adults are 
u ndou btedly able to cover large distances, but most 
individuals even of wide-ranging species such as 
Rufo hufo (Heusser, Rev. Su isse Zoo! .  75, 927,  1968) 
stay with in a few hundred met res of their natal site 
during their whole lifetime. 

In conclusion, the nat ural migratory range of 
A m phibia amounts to 35k m  at  most, which is far 
smaller than that of any other vertebrate class. 
Ectothermy and the  water permeabi l ity  of sk in  l imit  
locomotory act 1v1ty to periods of favourable 
tem peratures and humidity and so constrain the  
migratory range. 

Site.fidelity: Adults  of many salamander and anuran 
species annually return to  the  same pond for 
reproduction,  others prefer specific parts of the ir  
h abitat as  home ranges, and some even h ibernate at the 
same site during their  whole l ifet ime. These examples 
i llustrate the  meaning of s i te fidelity :  voluntary 
homing to specific sites following active or passive 
displacement.  
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Experimental evidence for homing to breed ing 
ponds or terres trial nests has been presented in 13 
species ofUrodela (A111brstoma 111aculat111n. A. oparnm. 
Aneides aene11s. Desmognath11s auriculatus. D . .fuscus. 
D. ochrophae11s. Notophthalmus viridescens. Taricha 
granulosa. T. riv11laris. T. torosa. Triturus alpestris. 

T. cristatus. T. vulgaris), and i n  1 6  anurans  (A cris 
grrllus. Ascaphus truei. 811(0 americanus. B. boreas. 
B. b11fo. B. calamita. B. japonic11s. B. spinulosus. 
B. terrestris. B. val/iceps. B. 11•oodhousii. Hvla regilla. 
Pclobatesfi1srns. Pseudacris triseriata. Rana c/amitans. 
R. tcmporaria. Scaphiopus bombifi·on.1·). I n  many species 
reproductive adults return to their natal pond as 
shown in B. 11•oodhousii (Breden, Copeia, 386, 1987). 
The homing response seems widely independent of 
informat ion obtained -during experimental displace
ment provided that the  release s i te  is located with in  the 
migratory range. Such strong at tachment to a specific 
si te indicates t hat breed ing places are a scarce resource 
in the habitat .  In fact. following the  construct ion of an 
artific ia l  pond within the migratory range of a B. bufo 
populat ion ,  a large n umber of indiv iduals broke their 
former breeding site fidel i ty and headed direct ly to the  
new pond (Schlupp et al. , I n format ionsdienst 
Naturschutz N iedersachsen 1 0, 1 2, 1 990) . This study 
shows t hat breeding site fidelity is not unalterable. The 
fact t hat new ponds are rapidly colonised by species 
with a rather strict breeding si te fidelity supports this 
view. 

Home site fidelity has been reported for an 
addit ional number of species ( U rodela: Ambystoma 
talpoideum. A. tigrinum. Eurycea lucifuga. Plethodon 
cinereus, P. Jordan i. Salamandra salamandra; A n ura: 
A telopus vari11s. Bufo hemiophrvs. B. marinus. 
B. punctatus, Dendrobates pumilio. Hy/a cadaverina. 
R. pipiens). The mot ivation to return towards a home 
area may last a few days (B. hemiop/11ys; B reckenridge 
and Tester,  Ecology 42, 637, 1 96 1  ) ,  one season 
(B. bufo; Heusser. Rev. Suisse Zoo I .  75, 927, 1 968) or a 
lifet ime (B. 1roodhousii; Ferguson,  Herpetologica 1 6, 
1 1 2. 1 960). The extent of home site fidelity is p robably 
a funct ion of the number of sui table home ranges i n  the 
habitat. 

F inally, t here are two well-documented cases of 
h ibernat ion site fideli ty.  Several individuals of 
Salamandra salamandra hibernated in the same cave 
for 20 years ( Feldmann,  Jahrb. Feldherpet . I, 33.  
1 987),  and some B. hemiophrvs i n  the  same mould for 
at l east 6 years ( Kelleher and Tester, Ecology 50, 1 040. 
1 969). 

I n  conclusion, select ion has favoured homing 
behaviour to  specifi c  parts of the habitat i nstead of 
random search for new resources by adults .  Basic to  
homing, however, i s  exploratory behaviour a t  the 
j u ven ile s tage to get an idea of  t he distri bu t ion of 
resources. Considering the scarcity of appropriate 
l ocali t i es for reproduct ion,  nutr i t ion,  and shelter, 
homing is obviously a st rategy to min imise energetic 
expenditu re for locomotory act iv i ty .  

Spatial range of  homing response: I ndividuals of 
several species have been passively displaced to 
est imate the range of the ir  homing response.  The 
extensive field studies on  the  newt T. rivularis revealed 
a range exceeding I 2. 8km (Twitty et al., Proc. Nat .  

A cad. Sci .  U.S. 57. 342. 1967) and a speed of homing of 
up to 8km per year (Twitty et al  . .  56, 864. 1966) which 
have not been matched by any other amph ibian. I n  
anurans t h e  range seems smaller: 7 out  o f  1 0  displaced 
toads B. b11(0 oriented towards the  3km distant 
breeding pond (Si nsch, J .  Comp. Physiol 16 1 A. 715. 
1987).  In both studies the release sites were far outs ide 
the adults' migratory range. Nevertheless, it cannot be 
excluded t hat migrat ions during the  juven ile s tage 
(B. bufo: 2-4 years: T. riv11laris: 5 years) extended to the  
release s i te .  Displaced ind ividuals of several other 
anuran species did not show homeward orientat ion,  if 
the  release s i te  was outside their migratory range. 

Amph i bians share some common features of 
homing behaviour: (I) the number of individuals 
wh ich do not intend to home increases with the 
displacement  distance: (2)  the t ime t o  determi ne the 
correct home direct ion or to in i t iate homing also 
increases with the displacement distance; (3)  the  
mot ivation to home can persist several years. 
Nevert heless. i t  will remain doubtful that amphibians 
are able to navigate from unfamili ar sites towards a 
home site.  unless the  previous migratory experience of 
the  displaced individuals is exactly known. 

SENSORY BASIS OF OR I ENTATION 

Amphibia usc a number of d ifferent ways to 
accomplish homing. Path in tegrat ion as evidenced in 
the  newt Taric!za torosa (Endler, Behaviour 37, 15, 
1 970) relies ent irely on  the un in te rupted flow of 
i nformation dur i n g  the outward movement .  However. 
i t  is probably of l i t t l e  importance because the  absence 
of outward journey information does not impair 
horning. Pilot ing towards a fixed reference (e.g. 
breeding chorus) is a form of homing based exclusively 
on cues which are perceived at the release site. A not her 
possibility which does not require a geographical ly 
fixed reference is compass orientation along a 
preferred d i rect ion ('y-ax is': Ferguson and Landret h,  
Behaviour 26,  I 05.  1966). However, th is behaviour 
only results in homing, if the compass direct ion leads 
to a fami l iar  area . The most complex way to home is 
the  map-compass orientat ion which relies on (I) the 
determinat ion of the exact posi t ion relative to the  goal 
(map-step),  and on (2) the  calculat ion of the di rect ion 
which leads di rectly to the  goal (compass-step; A ble, 
i n: A n imal migration ,  orientat ion and navigation (ed. 
Gaut hreaux) ,  283, 1 98 1  ). 

Amphibians employ acoust ic, magnet ic, rnechn ical, 
olfactory and v isual cues for orientat ion. The present 
k nowledge mainly bases on  studies of t hose species 
ment ioned before, that  means on more or l ess 
terrestrial salamanders and anurans,  and, with a few 
except ions, on  adults. The following sect ions 
summarise the  classes of  cues as well as their possible 
funct ion in  the orientat ion system. 

Acoustic rnes: Short-distance acoustic communi
cation is  w idespread among anurans.  However, wide
ranging vocalisat ion is rest ricted to few species such as 
811(0 ca/amita (Arak, N ature 306, 26 1 ,  1 983) ,  
Dendrobates lzistrionicus (Zimmermann ,  Fortschr. 
Zoo I. 38. 6 1 .  · 1 990), and Pseudacris triseriata 
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(Ferguson,  E rgeb. Biol 26, 1 28, 1963). Choruses 
produce advert isement calls which are audible at 500-
1 OOOm distance. Nevertheless, homing of 8. calamita is 
neither inOuenced by misleading acoust ic information 
nor by the absence of choruses (Sinsch, Fortschr. Zoo! .  
38 ,  75, 1 990). M oreover, the  acoust ic t ransmission of  
the posit ion of a potential breeding s i te  over large 
distances impl ies great energetic expenditure.  There
fore, this st rategy probably is only used by species 
which reproduce at unpredictable s ites (e.g. temporary 
ponds). Even i n  species which employ phonotaxis for 
long-distance p ilot i ng acoustic cues can be replaced by 
other cues. 

Magnetic cues: Orientation based on eanh's 
magnetic field was first demonstrated in Eurvcea 
luc1fuga ( Phill ips,  J .  Comp. Physiol. 1 21, 273, 1977). 
later also in Notophthalmus viridiscens ( Ph illips ,  J .  
Comp.  Physiol .  I 58A, 103,  1 986), 8ufo bufo (S insch, J .  
Comp. Phys iol. 16 1 A,  715, 1 987), 8. calamita (Sinsch, 
Fortschr. Zoo!.  38, 75, 1 990). 8. spinulosus (Sinsch, 
Bolet in de L ima  57, 83,  1988), and Xenopus laevis 
(Leucht,  F ortschr. Zoo I. 38 ,  3 21, 1 990). Evidence in  
adults is based on deprivation experiments in the field 
and controlled alterat ions of magnetic parameters in  
the l aboratory , and in  tadpoles of X. laevis jus t  on the 
latter. The effects range from complete disorientat ion 
to predictable false direct ional choice. The inclination 
of the m agnetic field (vert ical component) serves as 
reference for a compass system (Phill ips, J. Comp.  
Phys iol. 158A. 103, 1 9 86). Moreover, t here are recent 
indications that magnetopercept ion may be related to 
the  map-step ( Phill ips, Science 233, 765. 1986).  Yet 
evidence is st i ll too weak to attempt a final evaluat ion 
of  the fu nction of m agnetic parameters in  the 
orientation behaviour of amphibians.  S ince toads 
deprived of magnetic information st ill home success
fu lly , there obviously exists an alternat ive.map to the  
proposed m agnetic one (Sinsch, Fortschr. Zoo!. 38 .  75 ,  
1 990). 

Mechanical cues: Water surface-waves ( Walkowiak 
and Munz, N aturwissenschaften 72. 49. 1 985). seismic 
s ignals ( Lewis and N arins, Science 227, 187, 1 985) and 
rheotaxis (Durand and Parzefall, Behav. Processes 15, 
285, 1 987) are used in  several species for short-distance 
orientation. However, there is no indication that 
mechan ical cues provide direct ional information for 
long-distance orientat ion .  

Olfactory cues: Many adult salamanders and 
anurans use odours as directional cues.  However, the 
effect of anosmia on  homeward orientation differs 
considerably among the species: ( 1) homing is 
completely i mpaired i n  Desmognathus fuscus 
( Barthalmus and Bellis, Copeia, 632, 1 972) and 
Plethodonjordani (Madison,  NASA S P  262,  485,  1 972); 
(2)  i n it ial orientation towards home is  greatly reduced, 
but homing is still possible in  Tari cha rivularis (Grant  
e t  al., Science 1 60, 1 354, 1 968), Notophthalmus 
viridescens ( Hershey and Forester, Can .  J .  Zoo! .  58 ,  
266, 1 980), Bufo boreas (Tracey and D ole, Copeia, 693 , 
1 969), and B. bufo (Sinsch, J. Comp .  Physiol .  1 6 1 A, 
7 1 5, 1 987); (3 )  homeward orientat ion is only affected 
during the s imultaneous absence of v isual cues i n  
B. val/iceps ( G rubb, �opeia ,  674, 1 970). I n  toads o f  t h e  

genus 811(0 t h e  importance o f  olfactory cues for i n itial 
orientat ion increases with the s ize of the migratory 
range (Sinsch. Fortschr. Zoo! .  38. 75, 1990). 

The chemical nature of the olfactory cues is 
completely unknown. During the breeding migrat ion 
gu iding odours originate at least partly from the 
breeding pond itself as evidenced in Rana temporaria. 
811(0 bufo. 8. 11·oodho11sii. Pseudacris c/arki. and 
P. streckeri (e .g. Grubb. An im .  Behav. 21, 726. 1 973). 
Alt hough olfact ion is undoubtly involved in the 
orientation of many amphibians, its specific funct ion is 
u nclear. Odou rs may serve for pilot ing along grad ients 
of familiar odours (A dler. Photochem . and Photobiol. 
23 ,  275 .  1976) or as sources of a local map (Si nsch , 
Ethology E cology and Evolu tion 2. 65.  1990). 

Visual cues: Vision is used for the  perception of 
direct ional cues in  tadpoles (J ustis and Taylor. Copeia. 
98.  1976). in  juven iles (Tracy, Copeia. 1 45. 1 9 7 1  ) .  and 
in  adults ( Landreth and Ferguson, Nature 215 . 5 1 6. 
1 967). The cues involved are either fi xed visual 
landmarks (e .g. shore lines, forest s i lhouettes) or 
periodically ' moving' celestial cues (e.g. sun. moon, 
stars .  sky l ight polarisat ion patterns) .  I n  A m phibia.  not 
only the lateral eyes perceive such cues but also 
extraocular photoreceptors of the pineal complex 
(Adler, Photochem. and Photobiol. 23, 275, 1976). The 
interaction of both sensory systems has been 
demonstrated in Acris gryllus (Taylor and Ferguson ,  
Science 1 68, 390, 1 970): eyeless frogs and frogs with 
covered pineal complex orient as untreated individuals. 
whereas eyeless frogs with covered pineal complex 
orient randomly. A nalogous experiments with 
Ambystoma tigrinum (Taylor, An im .  Behav. 20, 233, 
1 972) y ielded the same result indicat ing si milar sensory 
mechanisms in Urodela and A nura. 

The role of v isual cues in  homeward orientation 
apparently differs among the species and depends on 
the class of cues.  Fixed visual landmarks can serve for 
pilot ing as evidenced in  the toad 8. bufo ( Heusser, Rev. 
Su isse Zoo!. 76, 444, 1969). Celest ial cues are used as 
references for t ime-compensated compass systems 
(Adler, Vertebrata Hungarica 21, 7, 1 982) .  The ability 
of larval and adult amphibians to use the axis 
(e-vector) of l inearly-polarised light for orientation 
and the v isibility of skyl ight polarisation even when the 
sun's posit ion cannot be determined directly suggest 
that the reference of the sun compass probably is the 
e-vector and not the  sun itself. I n  nocturnal 
amphibians  star or lunar  compasses have been 
demonstrated (Plasa, Z. Tierpsychol 5 1 , 1 12, 1 979), 
but their contribution to orientation is probably low 
because most individuals m igrate in rainy n ights u n der 
clou d  cover. F inally, fixed visual landmarks are 
potent ial map sources as indicated by the findings that 
( 1) visual landmarks can apparently supplant  olfactory 
cues in B. valliceps (Grubb, Copeia, 674, 1 970), and 
that  (2) b l in dfolded B. spinulosus were completely 
disoriented, a l though t hey were not deprived of 
m agnetic and olfactory cues (Sinsch, Bolet in de L ima 
57 ,  83 ,  1 988) .  Generally, v isual cues are  more 
i mportant for the orientation of species with a smal l  
migratory range than for that of wide-ranging 
species. 
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Multisensorv system of orientation: A n  important 
feature of the orientation behaviour of amphibians is 
the in tegration of many potent ial cues i nto a 
redu ndant system which leads them safely to their goal 
even if the availability of cues changes during 
migrat ion.  The apparent contradict ion to the principle 
of parismony is probably consequence of ( 1 )  d ifferences 
in the availability of potential cues among different 
biotopes inhabited by the same species, (2) the 
necessity to reach a breeding s i te  at a fixed t ime (e.g. 
explosive breeders) ,  and (3)  the i ncreased risk oflosing 
life during a prolonged search for the goal. The natural 
migratory range, the d ie! act ivity period and the  type of 
breed ing site influence considerably the selection of 
normally-used cues for in i t ial orientation. The ranking 
of the sensory i nput  obtained from the potent ial cues 
into a specific h ierarchy opt imises the available 
i n formation in every habitat.  Thus, the interspecific  
differences in orientation behaviour are probably 
modificat ions of the  same basic system. 

HERPETOLOGICAL JOURNA L ,  Vol. l. pp. 544-549 (1991) 

PROSPECT 

The concept of a mult isensory orientation system in 
Amphibia (Ferguson, Ann. N Y  Acad. Sci. 1 88 ,  30, 
1 97 1 )  has st imulated research specifically with regard 
to the ident ificat ion of directional cues and perceiving 
sensory systems. Presently, we know that amph ibians 
usually p refer certain cues for in i t ial orientation but 
also that they use every available source of information 
to  back up their orientat ion system. A major future 
task will be the analysis oft  he neuronal base of ranking 
the sensory input to filter out reliable direct ional 
informat ion .  Moreover, the system of magnetoper
cept ion has st ill not been iden t i fied. Besides the 
neurophysiological approach, future field studies will 
contribute considerably to our u nderstanding of 
orientat ion,  i f  they consider the interact ions of 
migratory range, habitat and preferred orientation 
cues during the complete l ife history of the studied 
species. 

SUMMER ACTIVITY PATTERNS AND THERMOREGULATION IN THE WALL LIZARD, 
PODARCIS MURALIS 

FLORENTINO BRANA 

Depanamento de Bio/ogfa de Organismos _1· Sistemas (Zoo/ogfa). Facultad de Bio/ogfa. Universidad de Oi•iedo. 33005 Oi•iedo, Spain. 

(Accepted I 0. /. 90) 

ABSTRACT 

Body temperature of active Podarcis muralis from Norefia (Asturias; Northern Spain) during summer averages 
33. 8°C (SO= 2.0, n = 1 1 6) ,  and similar values were fou n d  in other close populat ions (grand mea n :  33. 8°C, SO = 2.3 ,  
n = 1 7 1  ) .  There were no s ignificant differences nei ther in  body temperatures between populat ions nor between 
sex/age groups wi th in  populations.  Daily activity pattern is bimodal, with depressed act ivi ty during the warmer 
hours at the midday. This pattern of act ivity, as well as the significant n egative correlation between the percentage 
of lizards at sun and the  environmental temperatures, are i ndicative of behavioural t hermoregulation.  The standard 
deviations of the mean body temperature and the slopes of the regressions of body temperature on environment 
temperatures are ind icative of a relat ively imprecise t hermoregulat ion.  Populat ions from the highest alt i tudes show 
a higher variability in body temperature and a greater dependence on the thermal environment .  

I NTRODUCTION 

S ince the pioneer· study by Cowles and Bogert 
( 1 944), finding that desert reptiles behaviourally 
regulate body temperature, many aspects of rept il ian 
t hermoregu lat ion have been examined, so that  t hermal 
ecology represents currently a major topic in reptilian 
research. Many studies have shown that, under a 

variety of environmental condit ions,  most diurnal 
lizards are able to regulate their  body temperatu re 
with in  relat ively n arrow limits  during the act ive 
periods (see review i n  A very, 1 982). 

The mean body temperat ure, calculated by 
averaging the temperatures recorded from act ive 
animals i n  the field, is commonly used as a measu re of 
the  t hermal status of a s pecies. H o wever, field body 
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temperatures can vary widely in association with 
seasonal  accl imation.  habitat shift, size or sex (e.g. 
Patterson and Davies, 1 978; Bowker er al., 1 986: Van 
Damme er al., 1 986), and t herefore the  mean body 
temperature m ay not be the only relevant trait for 
understanding thermoregu lat ion.  A better statement 
of the method and extent of temperature regu lat ion 
also requires information about the thermal environ
ment and the behaviour and activity patterns involved 
in thermoregulation (Huey, 1 982).  

The object ive of th is  study was to exam ine the 
thermal biology and the behaviour and activity 
patterns associated with temperature regu lation for a 
populat ion of t he wall l izard (Podarcis muralis) near 
the southern edge of its distribution range. 

MATE R I A L  AND M ETHODS 

This  study was conducted at Norena (Asturias; 
Northern Spain;  43° 23' N,  5° 40' W) from late June to 
early August i n  1988. Thermal data were recorded 
from 1 1 6 l izards captured by noosing, taking care to 
m in im ise heat flow during handling and excluding 
data from an imals that were chased or handled 
excessively. I n  addit ion,  data from 55  l izards from 
other locat ions or years were considered for 
com p arative purposes. 

Body (cloaca!) temperatures of l izards were 
measured to the nearest 0. 2°C with a Schuliheis 
mercury thermometer with in 10 s of capture. 
M easurements of air temperature ( 1 0  cm above the  
ground) and substrate temperature were also taken at  
the  t ime and point  of capture of each l izard wi th  the  
same instrument by  shading the  bulb. A l l  temperature 
records concern act ive animals during  the dayl ight 
hours. 

Lizards were sexed and snout-to-vent length (SVL) 
measured, from which three age/sex groups were 
determined: subadults (born during the previous year; 
SVL from 35 to 45mm), adu l t  males and adult females 
(SVL >50mm).  Young of the  year specimens appears 
fro m  the second half of the study period, but were too 
smal l  to accommodate the  thermometer without 

Mean± I SD 

TB 33.65 ± 2.63 
M A L ES TA 22.24 ± 2.25  

TS 29. 75±3.8 1 

TB 33.87 ± 1 .69 
FEMA LES TA 23. 1 9  ± 2.72 

TS 30. 1 6  ± 3.69 

TB 33.  93 ± 1 . 64 
S U B A DU LTS TA 23.53 ± 2.25 

TS 3 1 .42 ± 2. 75  

TB 33 .82 ± 2.02 
OVE R A L L  TA 22.99 ± 2.45 

TS 30.47 ± 3.48 

damage (SVL, 22 to 32mm), and therefore they wil l  not 
be considered in this study. 

I n  order to assess daily activity patterns, I performed 
a fixed transect along the study plot, repeated at hou rly 
intervals throughout the dayl ight hours in two 
different days. Number of active l izards, environmental 
temperatures, and location in  sun or shade ( including 
here the sun-shade mosaic) for each l izard sighted 
without previous distur bance were recorded. 

n = 116 
TB 

II 
20 

,, 
10 

0 

15 20 

I Q::i 

MEAN :1so --

0:0.026 

25 30 35 
TEMPERATURE ( 'C ) 

= 

40 

Fig. I Frequency distributions of temperatures of body 
(TB). air (TA ). and su bstrate (TS) for P. muralis from 
Noreiia- 1 988. At each histogram are ind icated mean ± 
standard deviation and the statis t ic  for the Kolmogorov
Smirnov test of normality ( D .  p<0.0 1  in all cases). 

Minimum Maximum N 

26.00 37 .20 39 
1 6. 60 26.60 39 
1 9.00 37 .20 39 

30.40 37.40 36 
1 7.80 28.40 36 
2 1 . 20 39.80 36 

30.00 37.00 4 1  
1 9.00 28.40 4 1  
26. 20 40. 20 4 1  

26.00 37.40 1 1 6 
1 6. 60 28.40 I 1 6  
1 9.00 40. 20 I 1 6  

TAB L E  I: D escriptive stat ist ics o f  therma l  variables for P. muralis from Noreiia- 1 988. TB:  B ody Tem perature; TA:  A i r  
Temperature; T S :  Substrate Temperature. A l l  temperatures i n  °C. 
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RESULTS 

Body and environmental temperatures for 116 
captured lizards, separated for subadults, adult males 
and adult females, are given in Table l .  Mean cloaca! 
temperatures ( °C, ± I S D )  were 33. 93 ± l .64 ( = 41) 
for subadults, 33.65 ± 2.63 (N = 39) for adult males. 
and 33.87 ± 1.69 (N = 36) for adult females. No 
significant differences were found in t he mean body 
temperature for the three age and sex groups (one-way 
A OVA, F = 0.207; d.f. 2,113; p = 0.813); thus, data 
were pooled for further analysis. Overall mean body 
temperature was 33.82 ± 2. 02 (N ± 116). Maximum 
values were rather constant for all the age/sex groups. 
rarely surpassing 37°C. Differences in substrate 
temperature among groups were non-significant 
(ANOVA, F = 2.573; p = 0.081), whereas mean air 
temperature showed marginally significant differences 
(ANOVA .  F = 3.064; p = 0.051), air temperature at 
point of capture for adult males being slightly lower 
than that for subadult specimens (Student-Newman
Keuls test; p <0.05). Pooled frequency distributions 
for the three thermal variables are normally 
distributed (Kolmogorov-Smirnov one-sample test. 
Siegel, 1956: p <0.0 I in all cases; see Fig. l ), and show 
that lizard temperature was somewhat higher and 
fluctuates less than that of the physical environment 
( Fig. I ). 

Plots of body temperature versus substrate and air 
temperature are given in Figs. 2 and 3. Body 
temperature exceeded that of the substrate under cold 
conditions (96.4 per cent of cases for substrate 
temperatures lower than 33.8°C, which corresponds to 
mean body temperature of lizards), whereas under 
warmer conditions most of the cases lie below the 
isothermal line (64.3% for substrate temperatures 
higher than 33.8°C; Fig. 2). In the plot of body 
temperature against air temperature all the points lie 
above the isothermal line (Fig. 3). There were no 
significant difference between the slopes of the 
regressions of body temperature on air (b = 0.316; 
Standard E rror: 0.072) and substrate temperature (b = 

0.320; SE: 0.046: ANCOV A ,  F = 0.056; d.f .  1,228: 
p>O.l). 

Fig. 4 shows the daily activity pattern, as number of 
lizard active and percentage exposed to full sun at 
hourly intervals throughout the day . In the sum mer 
months, P. mura/is shows a bimodal activity pattern, 
being more active in the  morning (main interval from 
0800h to IOOOh a.m . )  and in t he afternoon (1500h to 
1800h p.m.), and remaining relatively inactive at the 
midday ( I  I OOh to 1400h). 

Loca/i1r-Year 

N orena - J 988 

N orena - 1 989 . . . . . . .  . 

Colunga - 1 98 8  . .. .. . . 

C aleao - 1 989 . .. . . . . .  . 

Bodi' Tempei·ature 
(Mean + I SD) 

33 .82 ± 2.02 

34. 4 1 ±2 . 36 

34. 55 ± 1 . 25 

33 .26 ± 3 . 39 

b 

0.320 

0. 280 

0. 1 98 

0.459 

w > 

100 
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Fig. 4 Number of lizard active (histogram: two transect 
gathered) and percentage of animals observed in sun al 
different times of day. ND indicate fewer than 15 valid 

records for sun/shade location in that interval. 

w "' ::> .... .. "' w I>. � .... 
� 30 
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7 10 

0 10 11 12 13 ,.. ,, 18 17 ,, "' 20 
TIME OF DAY 

Fig. 5 Body temperatures (mean and standard deviat ion)  
of lizards active at different t i mes of day.  Sample size is 
indicated for each hourly in terva l .  

The highest frequencies of lizards in full sun 
occurred early morning, when more than 80 per cent 
basked in open places, t hen decreased progressively 
until reaching a minimum between 1500h and l 700h 
(about 17 per cent in sun), and t hen increased to 80 per 
cent of active lizards in sun during late afternoon. 
There was a significant inverse correlation between per 
cent of lizards in open sun and both the air (r = -0. 74 7; 
p<O.O I) and t he substrate temperature (r = -0.623; 
p<0.05). 

,.2 F ratio N 

0.302 49. 34** 1 1 6 

0. 1 86 2 .97 ns 1 6  

0. 264 3 . 22  ns 1 3  

0.307 1 0.62* 26 

TA B L E  2:  Mean field body t emperat ure (°C) .  slope (b) and amount  of variance expla ined by the regress ion on substrate 
temperature for different populations of  P. mura/is. ** - p<0.00 1 ;  * - p<0. 0 1 :  ns - p>0.05 
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Fig.  5 disrl. ays the mean body temperatures of 
l izards grouped at hourly intervals throughout the day. 
Body temperatu res were remarkably constant between 
0800-0900h and I 800- I 900h (F = I .  245; d. f. = I 0, 98; 
p = 0. 272) but early morning (0700-0800) and late 
evening ( 1 900-2000) temperatu res were sustantial ly 
lower. 

Field body temperatures of P. mura/is from other 
local i t ies or years (Table 2) s howed no differences 
between groups (ANOVA; F = 1 . 229; d .f. 3 ,  1 67; 
p = 0. 30 1 ) . However, both standard deviat ion of mean 
body temperat ure and slopes oft he regressions of body 
temperature on substrate temperat ure were lower for a 
populat ion from h igher alt i tude (Caleao, 8 50m) than 
for a lowland popu lation (Colunga, at sea level), 
showing the population from Norena (300m) 
intermediate values. 

D ISCUSSION 

Body temperature of active Podarcis muralis during 
the s u m mer averages 3 3 . 82 ± 2.02°C in the main 
populat ion studied,  and s im i lar values have been 
fou nd in some close popu lat ions (overall average: 
33 . 83  ± 2. 28°C; n = 1 7 1 ) . O u r  data agree wi th  the  
figures presented by several authors reporting field 
body temperatures for P. muralis (Avery, 1 978) and 
also for other more southerly Podarcis species 
(P. sicu/a, A very, 1 978; P. hispanica, B usack , 1 978; 
Perez Mel lado, 1 983;  Bowker, 1 986; P. bocagei, Perez 
Mel lado, 1 983 ;  P. pityusensis, Perez Mel lado and 
Salvador, 1 98 1  ) .  The resemblance between Podarcis 
species is emphasised when their body temperatures 
are compared with those of other iberian lacertids, 
ranging from 29. 3°C i n  Lacerta monticola (Argliello 
and Salvador, ! 988) to 38 . 8°C in adult A canthodactylus 
erythrurus ( Pough and Busack,  1 978) .  Thus,  body 
temperature seems to be a conservative trait  wi th in  the 
genus Podarcis, whose origin and radiat ion are qu ite 
recent (Arnold, 1 973) .  

A dist inct b imodal daily activity pattern, as shown 
by P. mura/is seems to be a common pattern for 
diurnal  l izards dur ing t he warm summer months (see, 
e.g. P ian ka, 1 977) .  This pattern, as well as the negat ive 
correlat ion between the proportion of l izards at sun  
and the  environmental  temperatu re, i s  ind icative of  
behavioural thermoregu lat ion ( Huey e t  al., 1 977; 
Waldschmidt, 1 980), and suggest t hat shutt l ing 
between sun and shade is a s ignificant way to achieve 
an accurate contro l  of body temperature. I n  fact, 
l izards maintain t heir body temperatures with in  
relatively narrow l im its and above that of the  p hysical 
environment throughout t he daylight hours, except for 
the  first and latest one-hour in tervals, as in th is 
extremes the thermal  environment l i kely p recludes an 
accurate thermoregulat ion .  

N o  differences were fou nd in  mean body 
temperatures of different popu lat ions (or years) of 
P. mura/is examined in th is study. Precision of 
thermoregulat ion,  however, as ind icated by standard 
deviat ion  of the mean body temperatu res did vary. The 
use of  t he slope of  the l inear regression of body 
temperature on  ambient  temperatu re has some 

theoretical advantages (see Hertz and Huey, 1 98 1 ;  
Huey, 1 982) and prov ides s imi lar results i n  th is  case, 
with lower s lopes ( i mplying less dependence of body 
temperature u pon ambient temperatu re) in the 
lowland than in  the  h ighland populations.  Contrary to 
the finding by Hertz and Huey ( 1 98 1 )  in Ano/is, slope 
was not inversely related to alt i tude, but the 
populat ion from the highest location showed higher 
variabi l i ty and dependence on thermal environment. 

I n  general ,  according to the  standards made by 
Bowker ( 1 980, 1 986) and Bowker and Johnson ( 1 984) , 
the  studied populat ions of P. mura/is exhibit low body 
temperatures and large standard deviations 
(coefficients of variat ion from 3 .62 per cent to 1 0. 1 9  per 
cent)  and m ight be cons idered as thermophobic and 
relatively imprecise t hermoregu lators. Even during the 
t i mes of day in  which environmental temperatures 
would allow for a more precise thermoregu lation, 
variabi l i ty  of body temperature was equally high (e.g. 
Norena- 1 988:  for 36 l izards caught from 1 Oh to ! 5h, 
the  t ime of depressed activity when mean s ubstrate 
temperature was 3 2. 3 1  ± 2. 79°C, the standard 
deviat ion of mean body temperature was 1 . 82,  very 
close to the  overal l  figure). This agree with predictions 
driving from the cost-benefit models as developed by 
Huey ( 1 974) and Huey and S latk in  ( 1 976): although 
constant body temperatu re provide physiological 
advantages, increased prec1s1on of temperature 
regu lat ion could increase costs in energy, t ime and risk 
of predat ion,  among others (see review in  Huey, 1 982), 
so that excessive t hermoregulat ion could lower fitness. 
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ABSTRACT 

The distribution and breeding si te characterist ics of the smooth newt, Triturus vulgaris, the  palmate newt, 
T. he!veticus and the  warty newt, T. crisrarus were invest igated in  Cumbria.  T. he!veticus was the commonest species 
on the acidic rocks in the Lake D istrict , but was not found in l imestone areas. T. crisrarus was seldom found without 
the  commoner T. vulgaris, and there was no evidence of the former preferring larger, deeper ponds than the  latter. 

T. vulgaris and T. cristatus, unl ike  T. helvericus were rarely found in  water with pH<6. T. vu/garis was usually 
found in  water relatively rich i n  metal ions, whi le  the  reverse was true for T. he!veticus. 

Newts were found i n  ponds in a wide variety of terrestrial habitats, but most often i n  rough pasture land. 

INTRODUCTION 

Three species of newt occur i n  Br i ta in ,  the  smooth 
n ewt (Triturus vu!garis) t he palmate newt  ( T.  helveticus) 
and warty newt (T. cristarus). Studies of newt breedin g  
s i t e  characterist ics have indicated certa in  differences i n  
the  ponds chosen b y  t h e  different species. Cooke and 
Frazer ( 1 976) fou n d  t hat the  smooth newt ten ded to  be 
found in water wi th  relat ively h igh concentrat ions of 
m etals,  whi le  the reverse was true for the  palmate newt .  

Y alden ( 1 986) noted that i n  the  Peak district n ewts 
showed a distinct geographical  separation between t he 
species. T. vu!garis and T. cristatus occurred mainly on 
the  carbon iferous l imestone i n  ponds of p H>7 .0, whi le 
T. helvericus was mainly fou n d  on the  m i l lstone grit 
and shales in m ore acid ponds of pH<7.0. Other 
studies (Beebee, 1 977,  1 9 8 1 ,  Green, 1 984) have 
indicated the i mportance of certain terrestrial h abitat 
types around newt ponds, notably the presence of 
dense vegetat ion.  
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The county of Cum bria provides an ideal area in 
which to exam ine these ideas. The varied geology and 
divers ity of land use provide study ponds on  acid and 
bas ic rocks in a variety of  habitat types. Such a survey 
also provided an opportuni ty to assess the status and 
prospects of amphibians in  an area with relatively few 
records (A rnold, 1 973). 

M ETHODS 

During the summer of 1 986 a survey of 235 ponds in  
the  county of Cumbria was u ndertaken. A l l  previously 
recorded T. cristatus sites were visited. Other ponds 
noted on  I : 25000 scale Ordnance survey maps were 
chosen in an attempt to find s i tes on many different 
habitat types and geological substrates in order to 
determine any associat ions between them and use by 
newts . H owever the  survey cover above 350m was 
l imited because of the difficult ies of access. 

Each of these selected · s i t es was sampled to 
determine which species were p resent. A l l  sites were 
netted and the  length of t ime devoted to each site was 
related to its size, so larger sites took longer to 
invest igate sat isfactori ly .  Any amphibians seen in and 
around the ponds were noted.  The surface area, 
max imum depth ,  and amount of shading were noted. 
The presence of fish and other l i kely predator species 
was also recorded. A l l the s i tes conta in ing n ewts were 
subj ect to further analysis. The elevation of each pond 
was taken from Ordnance Survey maps. The geology 
of the  pond site was also ascribed using 1 : 5 0000 drift 
geology maps with local i n-field differences noted. 

The terrestrial habitat types found with in  1 OOm of 
the  ponds contain ing newts were identified and the 
areas taken u p  by each type est imated us ing 1 : 25000 
maps and infie ld observations .  A ny habitat type 
occupying >SO per cent of the total was considered to 
be dom i nant. 

49 of  the 1 66 s i tes conta in ing amphib ians were 
invest igated in more detai l .  Newts were sampled by 
1 5-m inute pond net t ing; the  percentage of open water 
( i . e .  t hat not covered by algae or weed) was also 
est imated. Water samples were t aken from each pond, 
p H  was measured with a PYE U N I C A M  PW 94 1 8  
metre and the samples were also analysed for Sodium, 
Potass ium and Calcium content using a Corning 400 
flame photometer. Water hardn ess was also measured, 
50ml of the water sample were t itrated with 0.0 l m  

hydroch loric acid, using methyl orange and 
phenolpht halein indicators .  Alka l in ity and hardness 
was expressed as mg/I CaC03. 

RESULTS 

Fig. I A - I C  show the  distribution of the three newt 
species, Triturus vu/garis was the  most widespread 
newt species.  The common frog (Rana temporaria) was 
however the commonest amphibian,  occurring in  
57  per  cent  of a l l  sites (see Table 1 ) .  

Species No. of ponds % of ponds 
used used 

Rana temporaria 1 33 57  

811(0 bu(o 40 1 7  

Triturus vu!garis 56 24 

Tritums he!veticus 3 1  1 4  

Triturus cristatus 32 1 5  

TAB L E  1 :  The number and percentage o f  ponds occu pied by 
amphibians in a su rvey of 235 ponds. 

The percentage of sites contai n ing T. cristatus is 
l i kely to be overest imated, main ly because previously 
recorded s ites were vis ited.  The comparative figure for 
the random search phase revealed the species i n  7 per 
cent of all ponds. T. he/veticus was less common than 
T. vu/garis, but th i s  m ay be due to  the  smal l  number of 
ponds sampled on h igh fel ls .  

Only 8 sites conta ined al l  three newt species, but al l  
the  T. cristatus s i tes contained at l east one other newt 
species. It was fou n d  with T. vu/garis in 30 of 32 ponds, 
confirming t he s imilarity in  their nat ional distribut ion 
(Arnold, 1 973) .  

Only two sites were found  to conta in both 
T. cristatus and T. he/veticus without T. vu/garis, a 
species combinat ion which appears to be rare 
national ly .  Only two sites were found  to contain all five 
species of amphibian.  

5 7  of t  he  235 sites contained at l east one fish s pecies, 
but on ly 23  of t  he  1 66 amph ibian s i tes contained fish,  a 
s ign ificant difference ( X 2  = 4.8 ,  d f  = 1 ,  p<0.05) .  Of 
these only seven had newts, al l  of w hich were T. vulgaris. 

T. cristatus T. vu!garis T. he!veticus 

E levation Mean 1 1 4m 1 22 m  1 55 m  

range 8-3 1 0m 8-3 1 0m 1 0-506m 

Surface area mean 9 1 0m2 l ,400m2 460m2 

range 1 2- 1 0000m2 1 2- 1 5000m2 I 0-5000m2 

Maximum depth mean 0.68m 0.87m 0 .55m 

range 0. 2- l . 5 m  0. 2-2. 5 m  0. 2- l . Sm 

% O pen water mean 47% 53% 49% 
range 2-98% 2-98% 5-90% 

TAB L E  2:  Physical characteris t ics of a l l  newt breeding sites. 
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B Fig. The distribution of newts in C u m bria .  

The physical characterist ics of the  newt breeding 
sites is summarised in  Table 2. There were no 
s ignificant relat ionships between newts and elevation .  
T. helveticus h ad the h ighest mean for elevation and 
occurred i n  the highest s i te at 506m. The surface area 
and maximum depth of T. cristatus ponds was on 
average smal ler than for T. vu/garis s ites, but greater 
than T. he/veticus ponds. 

There was a s ignificant negative correlation between 
the numbers of T. cristatus and T. vulgaris and the  

A.  Triturus hefveticus, B .  Triturus vufgaris, C.  Triturus 
crisratus. St ippled area = Extent of acidic metamorphic and 
igneous rocks .  Scale is shown by I Okm squares. 
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Fig. 2 The relat ionship between pH and num bers of 
T. cristatus in  Cumbrian ponds. 

extent of open water, r = -0. 353 and -0.42 1 
respectively ( p<0.05 i n  both cases). T here were no 
significant relat ionships between newts and maximum 
depths. 

T. helveticus occurred in 20 ponds on the Skiddaw 
slates/Borrowdale volcani c  groups. On ly 4 of t hese 
sites contained other newts, t hree with T. vulgaris and 
one wi th  T. cristatus. The opposite was the case on 
Carboniferous strata, where 18  ponds contained 
T. vulgaris, only one of which had T. helveticus. 



552 J. S.  D ENTON 

Sodium Po1assium 

Fae/or range 

No. o f  s i tes 

T helvelicus sites 

T vu!garis si tes 

T cris1a1us sites 

T. he!ve1icus only 

T. vulgaris only 

(mg//) 
<8. 5 >8. 5 

24 2 5  

1 0  9 

1 6  2 1  

1 2  1 5  

8 4 

1 4  1 6  

TA B L E  3 :  Chemica l  characteristics of newt ponds 

(mg/I) 
< I  

24 

1 3  

1 3  

9 

I I  

1 0  

T. cristatus was found in 1 1  s i tes on Carboniferous 
limestone, all of which contained T. vulgaris. T. helveticus 
was not  found on l i mestone, but d id occur with 
T. vulgaris on sandstones ,  t i l l  and sand dunes .  

Data from the 49 . chemi cally-analysed s ites are 
s u m m arised in Table 3. I n  order to test for any si te 
preferences, the chemical factors were studied one by 
one and the median value was taken so as to  divide the 
s i tes  into two groups of as near equal  s ize as possible. 
Thus for sodium the median value was 8.5 mg/I , which 
divided the sites i n to two groups of 24 and 25. 

> I  

2 5  

6 

24 

1 8  

20 

Calcium pH CaCOJ 
(mg/I) (mg/I) 

< 1 5  > 1 5  <6. 7 >6. 7 <70 > 70 

25 24 24 25 25 24 

1 4  5 1 2  7 1 6  3 

1 3  24 1 5  22 1 3  24 

1 2  1 5  I I  1 6  1 0  1 7  

1 0  2 8 4 1 1  I 

1 0  20 1 2  1 8  1 0  20 

There were no significant relat ionships between 
newts and sodium levels. However, the mean sodium 
level for T. he/veticus was lower than that for the other 
species . 

T. he!veticus was associated with < 1 5mg/l Calcium 
(X2 = 6.05 ,  d .  f. = I ,  p<0.05), and H ardness (X2 = I 0. 1 ,  
d . f. = I ,  p<0.00 1 ) ,  and showed significant negat ive 
correlat ion with hardness (r = -0. 5 64, p<0.05) which 
accounted for 32  per cent of the variation in numbers 
of newts. T. vulgaris conversely was associated with 
> I 5mg/l Calc ium (X2 = 6.63,  df = I ,  p>0.05) .  

% of newt s ites dominated by habitat type 

Dominant habitat type T. cris1a1us T. helve1icus T. vu!garis 

Pasture farm land 28% 26% 33% 
Arable farm land 0 0 0 
Conifer woodland 6% 3% 0 
Deciduous woodland 3% 0 6% 
M ixed wood 0 0 0 
G ardens and Bui ld ings 3% 3% 7 .4% 
Scrub 1 6% 1 0% 7.4% 
M arsh 1 3 %  1 0% 1 7% 
Moorland/Heat h 9% 20% 1 1 % 
Sand dunes (grazed) 1 9% 23% 9.3% 
Bare rock 3% 3% 5 . 5% 

TABLE 4: Terrestrial habitats: dominant type around newt ponds 

% of newt s i tes with habi tat  type 

Habitat type T. cristatus T. helve1icus T. vulgaris 

Pasture farm land 64% 4 1 %  87% 
Arable farm land 3 . 5% 0 8% 
Coniferous woodland 1 4% 9% 1 3% 
Deciduous woodland 1 4% 9% 2 1 %  
M ixed woodland 1 4% 0 1 5 .3% 
Gardens and buildings 1 5% 9% 3 1 % 
Scrub 39% 27% 5 1 % 
Marsh 36% 32% 39% 
Moorland/Heath 46% 64% . 5 1 %  
Sand d unes (grazed) 2 1 %  23% 1 5% 
Bare rock 7 . 1 %  1 4% 1 5% 

TAB L E  5: Terrest rial habitats frequency around newt ponds. 
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T. helve1icus was also associated with < I  mg/I Potassium 
(X2 = 5 .24, d . f. = I ,  p<0.05) .  T. vufgaris preferred 
> I mg/l Potassium. (X2 = 8 .4. d .f. = I . p<0.05). 

1 2  of  the 19 T. hefve1icus s ites had p H <6.7 whi le  
T. vulgaris was found in 15  s i tes wi th  pH <6. 7 and 22 
with pH>6.7. The ponds containing only T. hefve1ic11s 
showed a greater tendency to have lower l evels of metal 
concentrat ions and pH than s ites with only T. vufgaris. 
S ites wi th  bot h species had m ore intermediate levels of 
metals and p H .  The mean pH for T. hefve1irns sites was 
6 .3 ,  that for the other two species was 6.6. The 
relat ionship between p H  and numbers of T. cris1a1us is 
shown in Fig. 2.  The three s ites wit h pH<6.0 had 
relat ively small populations. Both T. vufgaris and 
T. cris1a1us were found much less often than expected 
by chance at pH<6 (X 2  = 68.4, and X2 = 69 
respectively, both df = l ,  p<0.000 I ) . 

TERR ESTR I A L  H A BITAT 
A wide range of habitat types were encountered 

around newt breeding ponds. In a l l ,  1 1  categories were 
represented, see Tables 4 and 5. 

A scrub area was found around 43 per cent of all 
newt breed ing sites and 39 per cent of T. cris1a1us sites 
had a scrub component . Woodland was found within 
l OOm of 3 l per cent of a l l  newt s i tes ,  but was rarely the 
dominant habitat .  Only one T. hefve1ic11s site and three 
T. cris1a1us sites were dominated by woodland. A 
m arsh habitat was found around 33 per cent of al l  newt 
ponds, with a s im i lar percentage for each species. 

A l l  three species were found in garden ponds. 
T. cris1a1us was found at one s i te with T. vufgaris, and 
T. he/ve1ic11s occurred i n  a garden pool adjacent to 
open moorland. This species was not found in sites 
with an arable land component, and no newt sites were 
encountered where arable land was dominant .  
Conversely pasture farmland was the most common 
habitat type, being dominant around >25 per cent of 
a l l  newt sites .  

64 per cent of T. he/veTicus s i tes had some 
heath/moorland habitat  and th is was dominant 
around 6 ponds. Less than 1 1  per cent of the  ponds 
containing the  other species were dominated by 
moorland but ponds with large populations of 
T. crisTaTus and T. vu/garis were encountered on open 
m oorland without any form of scrub or woodland 
within ! km.  

DISCUSSION 

The T. cris1a1us data do not support the  view that the  
s pecies prefers larger deeper ponds than does 
T. vu/garis (Cooke and Frazer, 1 976). I n  fact T. vu/garis 
was more often found i n  larger sites, the  l argest of 
which also contained fish .  Whether such s ites would be 
su itable for T. cris1a1us i f  fish were absent is  not 
known, but s imi lar ponds in other stu dies contained 
l arge populat ions (Green, 1 984). The mean surface 
area of T. cristatus ponds i n  th is study was 9 1 0m2•  I n  
D urham, G reen ( 1 9 84) found th is species i n  s i tes u p  to  
1 2,000m2 i n  area, and on ly  7 of 46  s i tes  were < I 00m2• 
B eebee ( 1 977) and Durkin and Cooke ( 1 984) also 
t h ought the importance of deep sites for T. cristatus 
was overstated. 

N ewt breeding ponds occurred in a wide range of 
habitats. including gardens. Scrub and woodland 
components seemed to be important.  Beebee ( 1 977) 
found that T. cris1a111s was only found in s ign ificant 
numbers on Downland in ponds with a large cru b 
area nearby. Nevertheless in th i s  study, large newt 
populat ions were encountered on open moorland 
several k i lometres away from any scrub or woodland. 
H owever, frogs and toads were often absent from such 
sites,  possibly indicating a difference in habitat. Rough 
pasture seems to be more suitable for amphibans than 
arable fields (Beebee, 1 98 1 . Green . l 984) but newts can 
ut i l ise arable land adjacent to other habitats (Cooke, 
1 986). 

The distribut ion of newts on the various geological 
strata in the nort h of England indicate some 
preferences which are l ikely to be associated with water 
qual i ty .  T. vufgaris and T. hefve1ic11s rarely occurred 
together in Cumbria, but in N orthumbria, Durkin and 
Cooke ( 1 984) found them together in 27 of 3 l sites. 
They suggested th is was related to the water bei ng of 
intermediate qual i ty in  terms of p H .  hardness and 
metal content. 

T. hefve1ic11s can survive in ponds low in nutrients. 
and such sites are com mon in the Lake District. This 
may explain why Smi th  ( 1 964) thought T. helveticus 
was a montane species. H owever t he absence of 
T. he/ve1ic11s from the Pennines (an upland area with 
hard water) supports the view taken by Cooke and 
Ferguson ( 1 975) that the association was chemical 
rat her than physical. 

As in th is study, Cooke and Frazer ( 1 976) and 
Beebee ( 1 983) found that T. vulgaris and T. cristaTus 
were less common in ponds with pH<6.  Cooke and 
Frazer ( 1 976) suggested that embryonic T. vufgaris 
may be unable to survive at p H <6.  H owever Dolmen 
( 1 980) found T. vu/gari.� breeding ponds in Norway 
with pH values below 6 (down to 4.5) during the period 
of egg and larval development.  

T. vulgaris occurred in ponds with low potassium 
( < I m g/l) only when calc ium levels exceeded 6mg/l. 
T. helveticus occurred in 6 sites with potassium and 
calciu m  concentrations below t hese l evels .  Cooke and 
Frazer ( 1 976) found only two T. vulgaris, and 1 4  
T. helveticus ponds with <6mg/l calc ium.  T. vulgaris 
can survive i n  ponds if either calciu m  or potassium, or 
both are present i n  h igh concentrations .  Conversely 
T. helveticus can breed in ponds deficient in both these 
metals ,  and rarely occurs if calciu m  levels exceed 
20mg/l .  Research into the  effects of different con
centrations of metal ions on i mmature stages of newt 
development may well reveal the reasons for the  
differences i n  survivorship,  which u l t imately i nfluence 
species distribut ion.  
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PARTITIONING OF WATER WITHIN THE ALLIGATOR 
(ALLIGA TOR MISSISSIPPIENSIS) EGG A FTER 60 DAYS OF INCUBATION 
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(A ccep1ed 23. I. 90) 

ABSTRACT 

Eggs of A lligator mississippiensis were incubated up to  day 60 of incubation u n der either dry condit ions (on metal 
shelves,  without a substrate) or wet condi t ions (on vermicu l ite). I ncubation temperatures were 30°C and 33°C. Eggs 
on t h e  shelves lost water during i ncubat ion;  water loss from eggs o n  vermicu l i te was smal l ,  and in some cases, 
negl igible.  On day 60, after incu bation at 30°C, eggs incubated on shelves had s ignificantly less amniotic flu i d  and 
yolk sac than eggs incu bated on vermicul i te .  In eggs i ncubated at 33°C, on  day 60 amniot ic flu i d  was absent and the 
mass of  the  yolk sac was smal ler  in  eggs incubated under dry condi t ions.  E mbryo m ass and the  amount of  al lantoic 
flu id  were unaffected by the  extent of water loss from the eggs at both t emperatures. The mass of  al lantoic fluid was 
correlated with the  �ass of the  egg on day 60. Yolk sac mass at both tem peratures was not correlated with egg mass 
on day 60 but was correlated wi th  the water lost from the  egg. These results suggest t hat ( 1 )  in a l l igator eggs, loss of 
water is  borne pr imarily by the  yolk sac; and (2) that retent ion of water in  the al lantois may be associated with a need 
to p revent a deleterious bui ld-up of  waste  m etabolites. This contrasts with the s i tuat ion in  avian eggs where water 
loss is  borne primar i ly by the a l lantois and embryonic t issues. 

INTRODUCTION 

Water loss from avian eggs is  a normal part of 
incubation (Ar and Rahn, 1 9 80). This progressive 
dessication affects differentia l ly the water content of 
individual compartments wi th in  the egg as i ncubation 
proceeds. The allantoic flu id  s hows the first signs of 
dehydrat ion.  When this compartment is  exh austed t he 
volu m e  of amniot ic flu i d  declines ( H oyt, 1 979; 
S i mk i ss,  1 980; Tul lett  and Burton,  1 982) .  When al l  of 
t hese fluid reserves are exhausted, near the end of 
i ncubat ion ,  i t  is the embryonic t issues which become 
dehydrated (Hoyt,  1 979; Tul let t  and B u rton,  1 982; 
Davis and Ackerman, 1 987 ;  Davis,  Shen and 
Ackerman, 1 988) .  The yolk sac, by contrast, is 
unaffected by dehydration ( H oyt, 1 979; Tullett and 
Burton ,  1 982). 

The water relat ions of rept i l i an  eggs are h ighly 
variable and are dependent u p o n  species, eggshel l  
structu re and hydrat ion of the  i ncubation substrate 
(Packard and Packard, 1 980, 1 984; Packard, Packard 
and Boardman, 1 982;  Packard, 1 99 1 ) . S oft-shelled 
eggs of squamat es absorb large amounts of  water 
dur ing i ncubation but where the shel l  st ructure is more 
com plex ,  as in p l iable-shel led tur t le  eggs, the exchange 
of water wi th  the nesting  substrate is reduced. Eggs of 
other t urtles and crocodi l ians which have rigid 
eggshel ls often exhibi t  no net water exchange during 
natural  i ncubation ( Ferguson ,  1 985 ;  Packard, 1 99 1  ). 
In addit ion, all repti l ian  eggs incubated on substrates 
wi th  l ow water potent ials ,  which st i l l  have h u midit ies 
greater than 99 per cent  (Tracy, Packard and Packard, 
1 978) ,  can lose water during incubation when 
compared with subs trates with h igher water potentials .  
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Hence, the rigid-shel led eggs of the t u rt le Triom'X 
rriungis can lose up to 20 per cent of their in i t ia l  mass 
during natural incubat ion. This has l i t t le  effect u pon 
hatchabil ity, although higher rates of water loss are 
let hal (Lesham and Dmi'el ,  1 986). S imilarly, eggs of 
Crocodylus porosus can lose or gain up to 25 per cent of 
their in i t ia l  mass without sign ificantly affect ing 
h atchabi l i ty (Manolis ,  Webb and Dempsey. 1 987:  
Grigg, 1 987).  

These different water relations h ave significant 
effects on the pattern of embryonic  growth and 
hatchl ing mass repti les (reviewed by Packard, 1 99 1  ). 
However, un l ike  the situation concerning avian 
embryos , the effects of different patterns of water 
exchange on the dynamic water balance of rept i l ian 
embryos and their extra-embryonic compartments 
during incubation are unknown . I nvest igations to date 
h ave revealed, however. that there are both s imi larit ies 
and differences in the pattern of development of birds 
and rept i les, particularly crocodil ians (M anolis er al. , 
1 987 ;  Deeming and Ferguson, 1 989,  1 99 l a) .  I n  
part icu lar. un l ike  i n  the fowl, large amounts of 
al lantoic flu id  are present in  crocodi lian eggs at 
hatching (Manolis er al. , 1 987; Deem ing and Ferguson, 
1 989). In  addition, un l ike  in bird eggs albumen 
proteins do not enter the amniotic fluid during 
development of Alligaror mississippiensis (Deeming 
and Ferguson, 1 99 1  a). 

This report describes an investigation of the effects 
of dehydrat ion on the flu id compartm ents wi th in eggs 
of A. mississippiensis on day 60 of i ncubat ion. This 
artificial treatment, wi l l  al low us to  compare the  effects 
of water loss in  avian and crocodi l ian eggs. A l l igator 
eggs incubated under dry condit ions (without a 
substrate) were compared with eggs i ncubated on wet 
(on vermicu l ite) conditions. 

MATERIALS AND METHODS 

Eggs of A lligaror mississippiensis were col lected 
i mmediately after laying from wild nests in  Louisiana, 
USA, and t ransported by air to Manchester as 

3n°c 
Shrlf Vrr111icu/i1e 

Number of eggs 1 0  1 0  

I n i t ia l  egg mass (g) 77.94 7 . 66 77. 79 8 . 55  

Egg mass at 60 davs (g) 73 .40 7 .98 77.03 8 . 39 

% Water loss 5 .90 1 . 75 0 .96 0 .64 

Shel l  mass (g) 1 0. 1 3 0 .90 1 0.09 0.95 

A lbumen mass (g) 2 .02 0 .39 2 .37 0 .70 

Yol k sac mass (g) 2 1 . 83 3 . 05 26.54 2.00 

A mn iotic fl u id mass (g) 1 .63 0 .56  2. 6 1  0 .64 

A l lantoic fluid mass (g) 1 0. 66 3 . 29 1 1 .02 3 .49 

Residues3 mass (g) 8. 76 I .  1 8  7. 6 1  1 . 90 

Embryo mass (g) 1 8 . 38 1 . 39 1 6.80 0.49 

described in Deeming and Ferguson ( 1 989). On arrival 
in  the laboratory (day 3) the eggs were weighed and set 
in  incubators at 30°C and 33°C, accurate to 0.01°C 
(Yinden Scient ific Ltd.) .  and with approximately 
1 00 per cent a ir  humidity .  In each incubator, 10 eggs 
randomly were p laced on the metal shelves in the 
incu bator and 10 eggs were placed on moist 
vermiculite ( l OOg of water/ l OOg of vermicul ite). 

On day 60 of post-ov iposit ion incubation ( the 
incubat ion period of a l l igator eggs at  30°C is 75 days 
and at 33°C, 65 days) t he eggs were removed from the 
incu bators, weighed and candled to assess embryon ic 
viabi l i ty .  Viable eggs were placed on ice for an hour 
prior to opening.  The al lantoic and am niotic fl uids 
were than sequential ly decanted from the egg and 
weighed; the em bryo, yolk sac and albumen were then 
removed from the shell and all components were 
weighed as described by Deeming and Ferguson 
( 1 989). Data were analysed us ing a Minitab statist ical 
package (Ryan, Joiner and Ryan, 1 985). 

RESU LTS 

The incubation condit ions affected the water loss 
from the egg. Despite the h igh humidi ty, eggs pl aced 
on s helves, without any substrate, lost considerable 
masses during incubation (Table 1 ) .  Air spaces, 
formed between the shel l  membrane and the calcite 
shel l ,  were present in al most al l  of the eggs at both 
temperatures. By contrast ,  those eggs on vermicul ite 
lost much less weight (Table l )  and air spaces were very 
smal l  or absent .  

A t  30°C, significant differences between the two 
grou ps of eggs were observed in the mass of the yolk 
sac and the m ass of amniotic flu id which were 
sign ificantly l arger, and the mass of the embryo was 
s ignificantly smal ler in  eggs incubated on vermicul i te 
(Table I ). I n  eggs i ncubated at 33°C, only the  mass of 
the  yolk sac was significantly affected by the increased 
rate of weight loss (Table I ) .  

T h e  mass o f  t h e  yolk sac a t  bot h incubation 
tem peratures was inversely correlated with the weight 

33°C 
F' Shrl( Vermiculill' p 

1 0  9 

0.00 78.05 3.78 75 .23 8 . 8 1 0.85  

0 .98  72 .74 4 .24 72. 9 1  8 . 79 0.00 

70.52 6. 83 2. 1 0  3 . 1 0  1 . 44 23. 1 5  

0 .0 1 9.74 0 .53 9. 9 1  I .  I 0 2.65 

I. 92 0 .55 1 . 34 0.00 0.00 2. 1 2  

1 6.53  1 0. 3 7  2.03 1 3 .22 1 .65  1 1 .08 

1 3. 39  

0 .06 8 .38  2 .63  9.00 3 . 8 5  0. 1 7  

2 .66 3 .93 1 . 83  3 . 37 0 .58  0. 7 7  

1 1 . 49 39.76 4. 1 2  38 . 2 1  3 . 5 3  0.76 

TABLE I :  Mass of Alligator mississippiensis eggs and their d ifferent flu id compartments on day 60 of i ncubat ion at 30°C and  
3 3°C. Values are  means and standard deviat ions and the  results of the analysis of variance, as  F-ratios (Ryan ,  Joiner and Ryan ,  
1 985) .  

1 F = 4.38 a t  the  5% level  and 8 . 1 8  at the I% level with degrees o f  freedom of I ,  19.  2F = 4.4 1 a t  the  5% level  and 8.29 a t  the  1 % level  
wi th  degrees of freedom of 1 , 1 8 .  3Calculated by difference.  
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Fig. I The relationships between water loss from al l igator (A lligator mississippie�sis) eggs and the mass of the yolk sac by day 
60 of incubation at 30°C (circles) and 3 3°C (triangles) . 
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Fig. 2 The relat ionship between egg mass on day 60 of incubation and the m ass of the al lantoic fluid fo r  al l igator eggs incubated 
a t  30°C (circles) and 3 3°C ( t riangles). Regression a nalysis (Ryan, Joiner and Ryan. 1 985)  revealed t hat  the relat ionship was very 
simi lar at both temperatures and the l ine is a regression est imate for the combined data. 
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lost from the egg during incubation ( Fig . I ) . There was 
no significant corre la t ion between mass of t he yolk sac 
and egg mass on day 60 a t  eit her or  bo t h  temperatures 
( n ot i l lustrated).  The mass of a l lan to ic  flu id  i n  eggs 
incubated at both 30°C and 33°C was not correlated 
with the rate of water loss from t h e  egg a t  bot h 
i ncubation temperatures (not i l lust rated) . By con t ras t .  
t h e  mass of the  egg on day 60 o f  i n cubat ion.  
i rrespective of temperature. was correlated with t h e  
m ass of al lantoic flu id :  l a rger eggs had m o r e  a l l an to ic  
flu id  ( Fig. 2).  

D I SCUSSION 

E m bryos from eggs i ncu bated a t  30°C are at  an 
earlier stage of development and are s m al ler  than t hose 
at 33°C;  the patterns of yolk and a lbu men u t i l isa t ion  
and fluid formation are suffi c ien t ly  s im i lar  at  t he two 
temperatures (Deeming and Ferguson ,  1 989) . There
fore, in th is analysis the data for embryos at 30°C were 
considered to be equivalent to embryos some 8- 1 0  days 
earlier in incu bation at 33°C .  Hence.  comparisons 
cou ld  be made both between embryos at d i fferent 
temperatures, and em bryos at  different st ages of 
development .  

Loss of water from a l l igator eggs affected t he water 
relations of the different flu id  compartments of the 
egg:  the effects of dehydrat ion were borne fi rs t by t he 
amniotic flu id  and then by the  yolk sac.  The a l l an to ic  
flu i d  and  embryo rema i ned u n a ffected .  Th i s  cont rasts 
wi th  eggs of t h e  fowl :  normal dehydra t ion of t he egg is 
borne by the  a l lantois,  amnio t i c  fluid and by 
embryonic t issues whereas the yo lk  sac is unaffected 
(Hoyt,  1 979; Tul lett  and B u rton,  1 982;  Davis and 
A ckerman, 1 987; Davis et al. , 1 988) .  The high water 
content of the yolk sac is considered to be importa nt in 
the p rocess of yol k-sac ret ract ion (Tu l l ett a,nd B u rton ,  
1 982).  In  dehydrated a l l iga tor eggs, t h e  effects of a 
reduced water content of the yolk sac upon yolk sac 
retraction are unclear. 

These differences between the a l l igator and the fowl 
may be related to d ifferences in  the pattern of n i trogen 
excret ion :  urea in  the a l l igator (Clark,  Shannon and 
S isken,  1 957;  Manol is  e/ al. . 1 987:  Deem ing and 
Ferguson,  u npublished observations) and uric acid i n  
the  fowl ( R o m anoff, 1 967) .  During normal incubation 
as the  fowl  egg becomes dehydrated. water is lost from 
the  al lantois causing uric acid to crystal ise and 
precipitate out of solut ion ( Romanoff, 1 967) .  By 
contrast, crocodi l ian embryos. in  common with a l l  
other rept i l ian embryos (Vleck ,  1 99 1  ) , produce urea as  
their  major n itrogenous waste product. A l l igator 
embryos in  t h is study showed that during the l ater 
stages of development (stages 25-28) progressive 
dehydration of the egg leads to loss o f  water from t h e  
a m niotic fl u i d  a n d  then the  yo lk  sac; t h e  v o l u m e  o f t  he  
a l lantoic flu id  is  mai ntained.  Presumably, th i s  
prevents a deleterious i ncrease in  the concentration of 
u rea wi th in  a l lantoic  flu id .  A lthough turt le embryos 
are tolerant of high concentrations of urea in the ir  
p l asma (Packard and Packard, 1 989) a t hreshold of 
t o xi ci ty  must ex is t .  If  a l l igator embryos possess s im i lar 
levels of tolerance to urea, loss o f  water from 
emb ryonic  t issues, as is the case in  t h e  chick embryo 

( Dav is  and Ackerman.  1 987: Davis et al. . 1 988) .  mav 
lead t o  a deleterious bu i ld-up of th i s  tox ic  metabo l i t e  
wh ich  wou l d  i n h ib i t  norma l  met abol ism and t h reaten 
surv iva l  to  ha tch ing.  

I n  eggs of t he s n a k e  E/aphe obseleta. t he amount of  
res idua l  a l lanto ic  flu i d  is a ffect ed by t he amount of  
water absorbed dur ing incubat ion whereas l ive 
ha tch l ing  mass is unaffected ( Deeming.  1 989) .  Yolk 
sac mass was not determ ined in  the  a bove s tudy but  
other reports  show tha t  dehydrat ion of eggs dur ing 
i n cu ba t ion  a ppears not to affect the  mass of t he yolk  
sac in other rept i l es .  I n  pl iab le-shel led eggs of t u rt les. 
s u bs t rate  water  poten t i a l  affect s  the rat es o fcmbrvonic  
growt h  a n d  yolk u t i l isa t ion ( Packard.  Packard .  
Boardman . M orris and S h u man.  1 983:  M o rris.  
Pack ard.  Board m a n .  Paukst is .  and Packard.  1983)  but 
not  the degree of hydra t ion o f t  he hatch l i n g  or  res idua 1 
yo l k .  For example .  eggs of t h e  t u rt l e  Terrape11e omata 
( i n i t i a l  mass of 1 0 . 5 g) gain 0. 6g of water on a wet 
substrate  ( - 1 50k Pa) but lose l . 8g of water on a dry 
s u bs t rate (-800kPa)  ( Packard,  Packard and Gutzke .  
1 98 5 ) .  Both y o l k-free hatch l ing ,  and resid u a l  yolk  sac 
masses are reduced i n  eggs fro m  t h e  dry s u bs t ra te  but  
the percentage water  content  o f  the  hatch 1 ing and yolk 
a re u n a ffected by subs t rate  water potent ia l  ( Packard 
et al . . 1 985) .  S im i l arly . in  parchment-shel led eggs of 
squ a m a\es, h a t c h l i n g  mass is u naffected by subst rate 
water poten t i a l ( G u tzke  and Packard, 1 987; Packard 
and Packard,  1 987;  Pl u m mer and Snel l .  1 988) but  in 
t hese rept i l es . egg s ize is i mporta n t .  S m a l l  l i zard eggs 
( < l g) normal ly  produce hatch l i ngs t ha t  a re l a rger than  
the  i n i t ia l  mass  o f  t h e  egg ( Deeming a n d  Ferguson,  
1 99 1  b) .  

Water loss  from crocodi l i a n  eggs from n a t u ral  nests 
h as been considered to be abnormal ( Ferguson,  1 98 5 )  
b u t  u nder art ificial  incubation condit ions i t  is common 
and ,  wi th in  l i m i ts ,  does not  appear  to compro mise 
embryon i c surv i va l  ( M anol is el al. , 1 987; Webb, Bea l .  
Manol is a n d  Dem psey, 1 987;  W h i t eh ead,  1 987) .  
Hence, a i r  spaces are, in a l l  probabi l i ty . ex perimen t a l  
art ifacts but  they have proved useful i n  assessing the 
gaseous environment with in  the egg ( Wh i tehead,  
1 987) .  

The percentage of water lost dur i ng i n cubation a t  
30°C was  smal ler than  incu bat ion at 3 3°C . Th is  may be 
an experimen t a l  artifact but it may ind icate more 
profound effects of temperature on water loss from 
these eggs. Tem perature has direct effects upon the 
water exchange of turt le  and s n ake eggs: as incubation 
tem perature increases l ess water is exchanged between 
the egg and its environment (Gutzke and Packard, 
1 987;  Packard, Packard, M i l ler and Boardman,  1 987;  
G utzke, Packard, Packard and Boardman,  1 987) .  In 
addit ion,  incubation temperature sign ificant ly affects 
the rate of development of a l l igator embryos and 
formation of sub-embryonic  flu id  is  more rapid  in  
a l l igator eggs incubated at 3 3°C, compared with eggs 
at 3 0°C (Deeming and Ferguson, 1 989) .  It may be 
possible, therefore, that the p attern of water exchange 
of the  eggs is dependent upon the  stage of development 
of the embryo, and by associat ion,  upon incubation 
temperature. For  example ,  at  33°C removal of water 
from the a lbumen by the embryo to form sub
embryonic fl u i d  m ay sequester water and prevent i ts 
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loss across the shel l  during t he first few days of 
incubation, thereby reducing the  overall loss of water 
during incubat ion. 
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DIFFERENCES IN TH ERMORE G ULATION B ETWEEN TES TUD O HERMANN/ AND 
TES TUD O MARG/NA TA AND THEIR ECOLOGICA L SIGNIFICANCE 

RoN,\ J . D  E. W 1 1. 1. EMSEN 

Mo111c Ca.vsi110Hrar11 35. 700} F R  /)oe1i11chc111. The NNhcr/ands. 

(A ccc111cd 30. /. 90) 

ABSTRACT 

The activity patterns and body temperatures of T. herma1111i and T. 111arginta were studied in the Pelopon nese 
(southern G reece) during May, Ju ne, August and October 1 984. 

T. hermanni 

In May the daily activity patterns of T. hermanni were un i modal , in June  and August they were bi modal. I n  
August during the afternoon the activity increased significant ly .  in October the activity was very low. 

In  August basking decreased significantly and mating increased sign ificantly.  
During these four months no sign ificant differences in body tem perat ures were found.  In May a max imum body 

temperature of 35°C was found;  in feeding tortoises a maximum temperature of 34°C. A fter May no tem peratures 
over 32°C were found. 

T. marginata 

I n  May and June the act ivity patterns of T. marginata were bimodal with the h ighest act ivity during the afternoon. 
I n  August an uni modal low activity pattern was found during the afternoon. In October the activity ofT. marginal a 
was un i  modal and shifted towards the middle of the day. Sexual activity was seen in October only.  

Body temperatures in all  T. margin a ta samples were significant ly higher than those in  T. hermanni. During May a 
max imum body temperature of 36°C was found in bask ing tortoises, a maximum of 37°C in feeding tortoises. 

The trend towards lower body temperat ures in  summer was greater in  T. marginata than in T. hermanni. Body 
temperatures found in  feeding tortoises in October equalled those found in  M ay.  

Ecological Consequences 

I n  southern Greece the habitat separat ion between T. hermanni and T. marginata can be explai ned by 
morphological differences and a higher body tem perature tolerance in T. marginata. Differences in the annual cycle 
of act ivities might also be of importance as regards the habitat separat ion between both species.  

I NTROD UCTION 

Testudo hermanni belongs to the most widespread 
species of tortoises in Greece. found in almost every 
habitat and al l  over the mainland as wel l  as on some 
islands (Werner, 1 938; Wi l lemsen and H ailey . 1 9 89). 

The distribution of T. marginata was l imited to the 
mainland south of 40° 20' and to some of the Greek 
is lands (Werner. 1 938;  Stemmler, 1 957;  Watson .  1 962; 
Clark,  1 963,  1 967; Wi l lemsen and Hailey, 1 989). 
T. hermanni is l imi ted to certain k inds of habitats i n  
southern Greece; outside these habitats  T. hermanni is 
almost completely replaced by T. marginata (Wil lemsen 
and Hai ley ,  1 989). 

M orphological ly T. marginata is better adapted to 
h eavy terra in  and dense vegetation but differences i n  
morphology alone cannot  expla in  t h e  habitat 
separat ion between these two species . In northern 
G reece near the edge of the distribut ion area of 
T. marginata, T. hermanni is found in a h igh density 
sympatric with a T. marginata population of a low 
density, whereas in a s imi lar habitat in southern 
G reece T. hermanni have been completely replaced by 
T. marginata. 

I n  northern G reece there is a s im i lar but possibly 
even more complicated s i tuation with regard to 
T. hermanni and T. graeca. A t  some sites t here is a clear 
habitat separat ion between T. hermanni and T. graeca 
whi le  at other sites T. hermanni l ives sympatrically with 
T. graeca, different species predominat ing at different 
s i tes .  S tubbs ( 1 9 8 1 )  and Wright et al. ( 1 988)  found that 
in coastal areas T. graeca was more abundant than 
T. hermanni i n  hotter and drier k inds of  vegetat ion .  
They also found sign ificantly h igher body temperatures 
in T. graeca. W i llemsen (unpubl ished) also found 
differences in  thermoregu lation in  sympatric l iving 
populat ions of T. hermanni and T. graeca which cou ld  
produce ecological separat ion and which would  enable 
the two species to l ive sympatrical ly. 

It i s  possible that differences in thermoregulat ion 
are also sign i ficant in  the habitat  separat ion between 
T. hermanni and T. marginata i n  southern Greece. 
T. hermanni prefers cooler and less dry habitats.  
Cherchi ( 1 956) gives for n ormal activity a body 
temperature which ranges from 1 6°C to 32°C i n  
T. hermanni. They w i l l  not voluntarily accept body 
temperatures over 34°C; j uveni les have even lower 
body temperatures. A n um ber of field s tudied have 
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also shown that  T hermanni wi l l  almost never accept 
body temperatu res over 34°C (Meek, 1 9 8 1 ,  1 984, 
1 988) .  In l i terature no data about body temperatures 
of T marginal a were avai lable. 

S ITES 

Nowhere in Greece were sufficient tortois es of both 
species found for s imultaneous comparison of their 
body temperatures. The only sui table T. marginata 
population was found near Gytheion, the  nearest 
suitable populations of T hermanni were found near 
Sparta and Kalamata. These s i tes are described by 
Wil lemsen and Hai ley ( 1 989). 

METHODS 

The activity of each tortoise was recorded, new 
tortoises were marked and recaptures were remarked 
with waterproof blue ink  on  the carapace to avoid 
wast ing t ime with fut ure recaptures . The use of red i n k  
would have been more pract ical b u t  t here i s  some 
evidence t hat red ink makes juveni les more vulnerable 
to predators, mostly birds of the  Corvus group.  

May 

(Sparta) 

Basking 

Feeding 

Other 

June 

(Kalamata) 

Basking 

Feeding 

Other 

August 

(Sparta) 

Basking 

Feeding 

Other 

October 

(Kalamata) 

Basking 

Feeding 

Other 

0800 0900 I OOO 1 1 00 1 200 

24.8-4. 1 26.4-4.0 30.0-3. 7 3 1 .0- 1 .6 

1 9-29 ( 1 4) 27-32 ( 1 5) 27-35 (7)  28-33 (9)  

25.0-0.0 

25-25 (2) 

25.8-3.4 25 .2-3.2 

20-30 (8)  20-30 (9)  

29.5-6.3 

25-34 (2) 

27.0-0.0 ' 30.0- 1 .0 

27-27 ( I )  29-3 1 (3)  

24.0-0.0 25 .0-2.5 

24-24 ( I )  22-28 (8) 

22.5- 1 . 6 

2 1 -25 (6) 

29.5-2.6 

26-32 (4) 

27.3-3.9 

23-3 1 (4) 

30. 1 - 1 .0 

29-3 1 (3)  

28.  7-3.5 

25-32 (3) 

27.  7-2.9 

26-3 1 (3) 

30.0-0.0 

30-30 ( 1 )  

32.5-0. 7 

32-33 (2) 

30.0- 1 .4 

29- 3 1  (2) 

3 1 . 2-5 .2  28.3-2. 1 

22-34 (5)  26-30 (3) 

30.0-0.0 

30-30 ( I )  
3 1 . 5-2. I 

30-33 (2)  

30.0-0.0 

30-30 ( I )  

32.0-0.0 

32-32 ( I )  

32.0-0.0 

32-32 ( I )  

20.0-0.0 30.0-0.0 

20-20 ( I )  30-30 ( I )  
30.0-0.0 

30-30 ( I )  

Al l  first captures were weighed, measured, sexed 
and, if possible, age was determinated accordi ng to 
growth l i nes in the carapace scutes . Of recaptures only 
act ivity, weight and body temperatures were noted. 
The body temperature was measured with a mercury 
bulb thermometer in the  cloaca to the  nearest 0. 5°C. I n  
t h is study only T hermanni over 1 Ocm Straight 
Carapace Length (SCL)  were used because the 
regu lat ion in juveni les might be d ifferent (Cherch i ,  
1 956), and the frequency of juveni les was very different 
in the two T hermanni populat ions (Wi l lemsen and 
Hailey, 1 9 89). Unsexable T. marginata were not used. 

R E S ULTS 

M A Y  
The daily act ivity pattern of T hermanni was 

u n i  modal from 9 . 30h to l 7 .49h, no observations were 
made from 1 3 .00h to 1 4. 00h (Fig.  I and Table ! ) .  The 
act ivity of  T marginata was almost  bimodal (F ig. 2 
and Table 2). There was l i t t le activity between 1 4.00h 
and 1 7.00h. 

Time 

1 400 

3 1 . 6- 1 . 1  

30-33 (6) 

32.5-0. 7 

32-33 (2) 

3 1 .5- 1 . 3 

30-33 (4) 

1 500 

30. 1 -0.0 

30-30 ( I )  

3 1 .6- 1 . 1 

3 1 -34 (9) 

29.5-0. 7 

29-30 (2)  

3 1 .0-0.0 

3 1 -3 1 ( I )  

1 600 

29.2- 1 . 2  

3 1 -34 (6) 

30.0-2.8 

28-30 (2) 

29.0-0.0 

29-29 ( I )  

3 1 . 7-0.6 

3. 1 -32 (3) 

1 700 

30.0-0.0 

30-30 ( I )  

30.0-0.0 

30-30 (3) 

32.0-0.0 

32-32 ( I )  

3 1 .0-0.0 

3 1 -3 1 ( I )  

1 800 1 900 

34.0-0.0 32.0- 1 . 4  

34-34 ( I )  3 1 -33 (2) 

30.0-0.0 

30-30 ( I )  

3 1 .0-0.0 

3 1 -3 1 ( I )  
32.0- 1 .0 28.8- 1 .6 

3 1 -33 (3) 26- 3 1  (9) 

2000 

32.0-0.0 

32-32 ( I )  

28. 7- 1 . 2  

28-30 (3) 

TABLE 1 :  D iural var iat ion o f  body temperature in T hermanni in d ifferent  months. Basking,  feedi n g  and other act iv i ties 
( includes m ov ing, mat ing  and stat ionary an imals) shown separately.  Times are East European sum mer t ime.  Data are shown as 
mean -1 S . D . ,  range and sample size. 
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• May (Sparta) � June (Kalamata) § August (Sparta) rfil October (Kalamata) 

Fig. I Act ivi tv pattern of T. lrff111m111i in  t h e  d ifferent months  at  the two s i tes .  Each bar shows t h e n um bcr of tor toises fou ncl in 
I -hour period. Times a re East European summer t i me. 

30 

25 

20 

1 5  

1 0  

5 

0 
08:00 09:00 1 0 :00 1 1 :00 1 2:00 1 3 :00 1 4 :00 1 5 :00 1 6:00 1 7:00 1 8 :00 1 9 :00 20:00 

I •  May � June § August 121 October 

Fig.  2 Act iv i ty  pattern of T. marginara in t h e  different months .  Each bar shows the n u m ber of tortoises found in I -hour period. 
Times are East European su m mer t i me.  

The first tortoises were seen at 8.56h and the last 
o nes at 1 9 . 3 1 h .  The morning act iv i ty period was 
s imi larly important in both species; 63 per cent of 
T. hermanni and 57 per cent of T. marginara were found 
before 1 3 . 00h (X2  = 1 .00, p>0.0 1 ) .  However 
T. marginata were act ive longer in the even ing. Only  
4 per cent  of  T. hermanni were fou n d  after 1 7 .00h 
compared to  39 per cent of T. marginata (X2 = 37. 70, 
p<0.000 1 ) .  

A CT I VIT I ES 

M ost tortoises of both s pecies were seen in the 
morning; 86 per cent of bask ing T. hermanni and 83 per 
cent of basking T. marginata were seen before 1 3 .00h.  
Basking accounted for a higher proportion of 
observat ions of T. hermanni (54 per cent)  than 
T. marginata ( 23 per cent) (X2 = 22.00, p <0.000 I ) .  The 
reverse was fou n d  for feeding tortoises w hich made u p  
2 1  per cent o f  t h e  observat ions in  T. hermanni 
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May 

Basking: 

Feeding 

Other 

June 

Basking 

Feeding 

Other 

August 

Bask i 11g 

Feeding 

Other 

October 

Bas k i n g  

0800 0900 1 000 1 1 00 1 200 

28.0-0 28 .. 1- 1 . 9  .10.4-:1 . 5  .14.2-0.8 

18-28 ( I )  27-.12 (8) 22-.15 ( 1 1 ) .1.1-.15 ( 5 )  

.10.0-2.8 .1 1 .6- 1 . 7  .14. 1 -2. I .15.0- 1 .0 

28-.12 ( 2 )  29-.14 (7)  .10-.17 (9)  .14-.16 (.1) 

28.0-0.0 28.5-5. 1 .n .1-2. 1 .10.4-.1 . .1 .14.0- 1 .  7 

28-28 ( 1 )  2 1 -.1 1 (4) .10-.16 ( 1 0) 28-.15 (9) .12-.15 ( .1 )  

.12.0-0.0 

2.1-2.1 ( l l  
26. 5-0. 7 

26-27 (2)  

27.0-0.0 

27-27 ( I )  

.14.0-0.0 26.0- 1 .4 .16.0-0.0 

.14-.14 ( I )  25-27 (2)  16-.16 

1 .100 

Time 

1 400 1 500 1 600 

.15 . 0-0.0 

.15-.15 ( I )  

.16.5-2. 1 .12.0-0.0 .10.0-0.0 

.15-.18 ( 2 )  .12-32 ( I )  .10-.10 ( I  l 

26.0-0.0 

26-26 ( I )  

.13.5-0 7 .1 .1 .0-0.0 10.5-2. I 
.1.1-.14 ( 2 )  .1.1-.1.1 ( I )  29-.11 ( 2 )  

1 700 

.15.5-0.8 

.14-.16 (4) 

.14.2- U 

.12-.16 (20) 

34.5-0.5 

:14-.15 (4) 

.17 .0-0.0 

.17-.17 ( 1 1  

1 800 1 900 2000 

.1.1.00-0.0 

J .1-J.1 ( I )  

J J . 5- 1 . 6  .12.0-0.0 

J0-.16 ( 1 8) .12-32 ( I )  
32.0- 1 .0 

J 1 -.1.1 (3)  

.1.1.0-0.0 

.1 .1-:1 ' ( 1 )  

.12.  7- 1 . 2  14.0-0.0 

.12-.15 (6) 34-.14 ( I ) 

.1.1 0- 1 .4 .13.00-0.0 

.12-.14 ( 2 )  .1.1-.1.1 ( 1 )  

.1.1.00-0.0 

.1.1-.1.1 ( I )  
.12. 5-2 . 1 

.1 1 -.14 ( 2 )  

.15-0-0.0 

.15-.15 ( I )  

Feeding .1 1 . 0-0.0 .12.5-0. 7 .1.1 .1- 1 .0 .1.1.5- 1 .6 3 1 . 1 - 1 . 2  29 . .1-0.6 

.1 1 - J I  ( I )  .12-.1.1 (11 .11-.14 (4) .12-.17 (8) 29-.1.1 (8) 29-.10 (.1) 

Other .12.2- 1 . .  1 .1 2 . 5-1.  I .14.0- 1 . 8  .11 . .1- 1 . 5  .1 1 .0-2.0 .10.0- 1 . 2 

.1 1 -.14 ( 5 )  .1 1 -.14 ( 1 )  .11-.16 (4)  10-.1.1 (4) 29-.1.1 ( .1 )  28-.1 1  (7 )  

T A B L E  2: D iurnal  variation of body temperature in  T. marginara i n  different  months.  All observations were made at Gytheion . 
Times are East European summer t ime. Data are shown as mean - 1  S . D  .. range and sample size. 

compared to 47 p er cent of  T. marginata (X2 = 1 7 . 20, 
p <0.000 1 ). 

Most  (90 per cent)  of the feeding T. hermanni were 
found after 1 3 . 00h compared to 65 per cent of feeding 
T. marginata (X2 = 4.46, p <0.05) .  

1 1  per cent of T. hermanni were found inactive, 
sign ificantly more than the 2 per cent of T. marginata 
(X2 = 1 2 . 1 0, p <0.00 I ) . S ix  T. hermanni were i nvolved 
in sexual activity; only one male T. marginata was 
found attempting to mate with a feeding fem ale. 

THERMOREGULA TlON 

The mean in the body temperature of  T. hermanni 
was lower than the  temperature of T. marginata 
(Tables 3 and 4; t = 8.46, p <0.000 I ) . The body 
temperatures of T. marginata were also s ignificantly 
h igher when bask ing (t = 3 . 8 8 ,  p <0. 000 1 ) ,  when 
moving (t = 2 .24, p <0.025) and when feedi n g  (t = 6.00, 
p <0.000 1 ). 

JUNE 

The da i ly  pattern ofT. hermanni was bimodal ,  i n  the 
morning from 8 .40h t o  l l . 1 6h ,  i n  the afternoon fro m  
1 8 .58h  to 1 9.52h .  ( Fig. I and  Table 1 ) . During the 

afternoon the act iv i ty was low, o n ly 1 0  per cent of 
T. hermanni were found after 1 2.00h.  The daily act ivity 
pattern of  T. marginata was also bimodal between 
8 .40h and l l .09h and again  between 1 5 . 30 and 1 9. 52h 
( Fig. 2 and Table 2). 

During the afternoon T. marginata were significantly 
more active than T. hermanni (X2 = 1 7 . 25, p <0.00 1 ) .  

ACTIVITIES 

In T. hermanni most tortoises were found basking 
(53  per cent)  compared to only 20 per cent in 
T. marginara (X2 = 5 .  7 1 ,  p <0.05) .  

There were no significant d ifferences in  the 
frequency of act iv i t ies of each species compared to 
t hose i n  May. 

THERMOR EGULA TlON 

The mean in  the body temperature of T. hermanni 
was lower than the mean in the body temperature of 
T. marginata (Tables 3 and 4; t = 3 .02, p <0.00 1 ) .  
Though t he average June body temperature of 
T. hermanni was l ower ( 1 . 1 °C) than the May 
temperatu re; the difference was not s ignificant (t = 1 . 66, 
p <0.05) .  
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Basking Moving Feeding 

May 27.8-4. 3 29. 5-3.4 30. 7- 1 . 5 
1 9-35 ( 52) 22-33 (8) 28-34 ( 20) 

June 25.8-3.4 30.0-2.2 30. 8-2. 8 
20-3 1 (2 1 )  27-33 (6) 25-34 (9) 

August 26.2-2.9 3 3 .0-0.0 3 1 .4- 1 .0 
2 1 -3 1  ( 1 4) 33-33 ( I )  30-32 (4) 

October 26. 3-5 . 5  3 1 .0-0.0 30. 5-0. 7 
20-30 (3)  3 1 -3 1 ( I )  30-3 1 ( 2) 

Mat ing 

27. 8-2.8 
25-3 1 (6) 

29. 5-3. I 
25-32 (4) 

30. 1 -3 .4  
2 1 -33 ( 20) 

Fighting 

23.0- 1 . 4 
22-24 ( 2) 

32 .0-0.0 
32-32 (2) 

Stationary 

3 1 . 0-2 .5 
29-34 ( 1 1 ) 

3 1 . 5-0.7 
3 1 -32 (2) 

Total 

29.0-3. 7 
1 9-35 (97) 

27 .9-3 . 1  
20-34 (40) 

28.  7-3 .6 
2 1 -33 (43) 

29.4-3.9 
20-32 (8) 

TA B L E  3 :  Variat ion of body tem perature of T. hermanni with act ivi ty type in every mont h .  Data are shown as mean. S .  D .. range 
and sample size. 

Bask ing Moving Feed ing Mat ing Stat ionary Total 

May 3 1 . 3-3 .2  32.0-2. 7 33 .5- 1 .9 30.0-0.0 32. 7-4.0 32 .6-2. 7 
22-36 (30) 2 1 -38 (34) 28-37 ( 6 1 )  30-30 ( 1 )  28-35 (3) 2 1 -28  ( 1 29) 

.lune 27.3-4. 3  32.2-3.8 32. 3-2.5 28. 7-4. 7 30. 7-3.9 
23-33 (4) 26-36 (5) 27-35 (8) 25-34 (3) 23-36 (20) 

August 33 .00-0.0 36.0- 1 . 4 32. 5-2. I 34.0-2. I 
33-33 ( I )  35-37 ( 2) 3 1 -34 (2) 3 1 -37 (5) 

October 32.2- 1 . 9 32.0- 1 .6 32. 1 - 1 .9 30.9- 1 . 8  36.0-0.0 3 1 .9- 1 .9 
29. 34 (5) 29-35 ( 1 5) 29-37 ( 26) 28-33 ( 9) 36-36 ( I )  28-37 (56) 

TA B L E  4: Variat ion of body tem perature ofT. marginata with activity type in every month .  Data are shown as mean, S. D .. range 
and sample size. 

I n  T. marginata however, the mean in the June body 
temperature was significantly lower t han the May 
body temperature (t = 2. 74, p <0.005). 

Basking tortoises of both species showed significantly 
lower body temperatures in June (T. hcrmanni: t = 1 . 90. 
p <0.05; T. marginata: t = 2.27, p <0.025).  

In T. hermanni the maximum body temperature 
fou n d  in bask ing  tortoises was 4°C lower than in May, 
in T. marginata 3°C lower than in  M ay (Tables 3 and 
4) .  

In June the body temperature of basking, feeding 
and moving T. hermanni was not significantly different 
from t hat one found in  T. marginara ( t  = 0. 78,  p <O.O 1 ;  
t = 1 . 1 6, p >0.05; t = 1 . 20 p >0.05).  

AUGUST 
The activity of T. hermanni was bimodal. In the 

morning tortoises were found from 8.23h to l l . 23h,  i n  
the  afternoon from 1 7  . 3 2 h  to  20.07h ( F ig. 1 and 
Table 1 ) . 

The activity of T. marginata was u n i  m odal and low, 
o n ly five tortoises were found after 1 7 .00h (Fig.  2 and 
Table 2) .  Dur ing the afternoon T. hermanni were 
s ignificantly more active than registered in June 
(44 per cent against 10 per cent; X2 = 1 2. 1 4, p <0.00 1 ) .  

ACTIVITI ES 

I n  August the frequency of basking T. hermanni was 
s ignificantly lower than in May (33 per cent against 
54 per cent;  X2 = 5 . 32, p <0.025). Alt hough the 
frequency of basking T. hermanni was almost the same 
in  May and in  June (43 and 53 per cent) ,  there was not a 
sign ificant difference i n  the frequency of basking 
T. hermanni i n  June and August (X2  = 3.33,  p >0.05) .  
Probably the number of the an imals in the samples was 
too smal l .  I n  May and A ugust no s ign ificant 
differences were found in the frequency of feeding 
T. hermanni (X2 = 2. 73, p >0.05). In August 47 per cent 
of T. hermanni were found i n  a sexual act, th is was 
significantly more than in June (X2  = 3 1 . 52, p <0.000 1 ;  
X 2  = 1 3 . 56, p <0. 00 1 ) . 

THERMOREGULATION 
I n  M ay, June and August no  s ign ificant differences 

were found in the means of the body temperatures of 
T. hermanni (T = 0.45,  p <0.25 ;  t = 1 .08 ,  p >0. 1 0; 
Table 3) .  A l though the bask ing T. hermanni the 
max imal body temperature was 4°C lower than in 
M ay,  there was no s ignificant difference from the mean 
of May (t = 1 . 3 1 ,  p >0.05; Table 3) .  N o  s ignificant 
differences in t h e  means of the body temperatures of 
the other activ i t ies were found between T. hermanni 
sampl es in M ay ,  June and August either t hough no 
body temperatures over33°C were found.  
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I n  August the  mean of the body temperatures of  
T. marginara was significant ly h igher than the  one in 
June but not significantly higher than in May (t = 1 . 8 1 ,  
p <0.05; t = 1 . 1 5 , p >0.0 I 0).  The mean o f  the body 
temperatures in T. hermanni was sign ificantly lower 
than in T. marginara (t = 3 .2 1 ,  p >0.025). 

OCTO BER 
In  October the activity of T. hermanni was low in 

southern Greece. Near Sparta only three tortoises were 
found in two days. The act iv i ty was l i t t le higher near 
K alamata;  eight tortoises were found in two days. 
Tortoises were found from l l . 39h to l 2 .39h and from 
1 6 .28h  to 1 6.43h ( Fig. I and Table 1 ) . The number of 
animals in the samples was too small  to be sure 
whether the act ivity pattern was st i l l  un imodal or not. 
The activity of T. marginara was high and unimodal. 
Tortoises were found from l 2.30h to l 7.32h ( Fig. 2 and 
Table 2). 

ACTI VITIES 

The frequency of basking T. marginara was 9 per 
cent, s ignificant ly  l ower than in May; there was no 
significant difference from June (X2 = 5 . 2 3 ,  p <0.025; 
X2 = 1 . 60, p > 0. 1 0) .  E xcept for two fight ing males, no 
sexual activity was seen in T. hffmanni; in  T. marginara 
a high sexual act ivity was seen ( 1 7  per cent ;  Table 4). In 
samples from M ay ,  June and October almost no 
differences were found i n  the frequency of moving 
T. marginara (26,  20 and 27  per cent) .  The frequency of 
feeding in T. marginara was a lmost the same as in  May: 
47 per cent;  June 40 per cent and October: 46 per cent). 

T H E R MOREG ULATION 

In the means of the body temperatures of 
T. hermanni no s ign ificant differences were found in 
October compared to the samples of May ,  June and 
August (May: t = 0. 29, p >0.40; June:  t = I . 20, p >O. 1 0; 
A ugust :  t = 0.50, p

' 
>0.025).  The mean of the body 

temperature in T. marginara was significant ly  lower in 
October than in May and A ugust (t  = I .  76, p <0.05; 
t = 2.  35, p <0.025) but was significantly higher in June 
(t = 1 . 80, p <0. 05) .  Although the mean of the body 
temperature in bask ing T. marginara was higher in 
May, th is difference was not s ignificant (t  = 0. 6 1 ,  
p <0. 25) but i n  October the body temperatures in  
T. marginara were not s ignificant ly higher t han in June 
(t = 2 . 36, p <0.05) .  No differences were found in the 
body temperature of moving T. marginara in  the 
samples of May, June and October (May:  32.0°C; 
June:  32.2°C and October: 32.0°C). I n  feeding 
T. marginata the body temperatures were s ignificantly 
lower than in May (t = 3 . 1 5 , p <0.00 I ) , but not 
s ignificant from June to October (t = 0.24, p >0.40). I n  
feeding T. marginara the max imum body temperatu re 
( 3 7°C) was as high as i n  May and h igher t h an i n  June 
and A ugust . In basking T. marginara the  maximum 
body temperature was 34°C and a lso lower than i n  
M a y .  I n  October the mean i n  t h e  body temperature o f  
T. hermanni was s ignificant l ower t h a n  i n  T. marginata 
(t = 2. 98, p <0.0025) as well i n  a l l  other samples. 

DI SCUSSION 

A CT IV ITY 

The activity patterns found du ring th is study are 
s imi lar to those found in other Greek T. hermanni 
populat ions. A trend for unimodal activity pattern in 
spring to a bimodal  activity pattern in summer was 
found between 1 975 and 1 986 in a great number of 
Greek T. hermanni populat ions.  When an unimodal 
act ivity pattern changed into a bimodal one, the 
activity during the afternoon was a lways low, exactly 
as in  the pattern found near Ka lamata in June. L ater i n  
summer t h e  act ivity was clearly bimodal,  sometimes 
h igher in the morning, someth ing in the evening. I n  
autumn the act ivity was again u n i  modal but the period 
of act ivity was shorter than in spring; daily activity 
started late and ended early. In southern Yugoslavia 
the act ivity of T. hermanni was uni modal throughout 
the year (Meek and I nskeep, 1 98 1 ;  Meek, 1 988) .  I n  
France the da i ly  activity pattern was un imodal, the 
activity strongly decreased during the hot hours in 
summer (Cheylan, 198 1 ) .  I n  summer in northern 
Greece the daily act ivity pattern of T. hermanni was 
bimodal (Stubbs er al. , 1 98 1 :  Wright er al. , 1 988) .  In the 
early dry and hot year 1 985 the act ivity pattern of 
T. hermanni was uni modal already in May (Wil lemsen 
unpubl ished). 

During relatively cooL cloudy days in summer the 
activity pattern of T. hermanni can again be unimodal, 
also i n  an environ ment with much shade T. hermanni 
were found st i l l  active during the hot hours in summer. 
It seems the dai ly activity pattern of T. hernwnni is 
determined by air temperature and probably by the 
intensity of the  sun .  In the cooler part of its 
distribut ion area the activity pattern remains un imodal, 
in the hotter part the activity is l im ited to the cooler 
hours of the day. 

The activity of T. hermanni is the h ighest in  spring 
and decreases during summer ( Hai ley, 1 988) .  This 
t rend was found in all G reek popu lations a l though in 
spring the activity was probably equal ,  after spring the 
act ivity can differ m uch in the d ifferent popu lations 
and also from year to year. The act ivity pattern of 
T. hermanni in  a great number of  populations over 
several years wi l l  be described in another paper. 

The dai ly act ivity pattern of T marginara was 
s imi lar to  that of T. hermanni, un imodal in spring 
although in this study the pattern had already become 
bimodal in  May; in  A pr i l  1 983 the act ivity pattern st i l l  
was un i  modal. A fter spring the act ivi ty pattern became 
bimodal and was un imodal again  in autumn,  shift ing 
towards the middle of  the day. 

However, there were also some differences in the 
act ivity pattern of  T marginal a. Though T hermanni is 
somet h ing a lmost tota l ly i nact ive during summer, in 
general T. hermanni can s t i l l  be found in fair  n u m bers 
in southern G reece during summer.  The low activity in 
T. marginara in A ugust 1 984 was not exceptional .  
Stemmler ( 1 957) could not find any T. marginata in  
s u m mer during his stay in southern Greece but he did 
find a large number of T. hermanni at different s ites. 
N ear the border of  the distribution area of 
T. marginafa i n  northern Greece, he found several 
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T. marginara toget her with T. hermanni. Probably 

T. marginara will aestivate more than T. her111a1111i. 

M uch research on tortoises have been done during 
the summer months in Greece by many investigators. 
All authors describe T. 111argi11ara as a tortoise seldom 
to be found. Without any doubt all T. 111argi11ara 
popu lations are less dense than the average T. hermmmi 
popu lation but the very low densit ies which have been 
found in T. marginara populat ions might be caused by 
sampling at the wrong t ime. 

The high act ivity in October is not except ional ;  
Clark ( 1 963) found a h igh activity in T. marginara 
during autumn but he gives no exact data. Local 
people found T. margi11ara st i l l  active during autumn 
and even during early winter while T. henna1111i were 
only seen during su mmer. Alt hough T. hermm111i can 
again become active on sunny days in winter 
(Swingland and Stu bbs. 1 985)  it is un l i kely that 
T. hermanni would be act ive in large numbers in 
southern Greece after the v is i ts  in October. 

I M PORTANCE OF ACTI VITY PATTERNS 

The daily and seasonal act ivity patterns of tortoises 
have more than theoretical value, for the  number of 
active tortoises can be used for dens ity calculations 
(Hai ley ,  1 988) .  Density calculations are important for 
conservat ion purposes, however, without sufficient 
knowledge on activity patterns errors in these 
calculations can be disastrous. At th is moment only 
the h igh act ivity in  spring of T. hermanni up to the 
middle of May, in  probably a l l  Greek popu lat ions, is a 
certain fact . Much more detailed knowledge is needed 
to be sure about the act ivity pattern after spring. I n  
southern Greece the activity o f  T. inarginara i s  high 
and probably also takes place in late autumn,  but 
nothing is known about differences between different 
popu lat ions and differences in different years. 

D l rF E R FNCES I N  A CTI VITI ES 

Differences in basking, moving and inactive 
T. hermanni and T. marginara can be easi ly explained 
by d ifferences in vegetation of the site near Gytheion.  
Near Gytheion, except for the an imals found in the 
heath ,  a l l  tortoises were found on the open patches, for 
the macchie was inaccessible.  This m ay cause an 
u ndersampling of bask ing and stationary tortoises, 
and possible an oversampl ing of feeding tortoises. 

The t rend of the decreas ing number of basking 
T. hermanni in summer was also found by M eek ( 1 988) .  
The relatively large number of bask ing T. hermanni in  
June could be due to the k ind of vegetat ion as this s i te  
had much more shade than Sparta. 

In t h is study no differences in frequency of feedi ng 
T. hermanni and T. marginara were found between the  
different vis its .  Meek ( 1 988) found an increas ing 
frequ ency of feeding T. hermanni in summer, but in  the 
present study th is was not found. 

In France T. hermanni was sexually act ive during its 
entire active period, but the h ighest activity was found 
i n  A pr i l  and A ugust (Swingland and Stubbs, 1 985) .  
They found the  same trend in Greece, but  the sexual 
activity i n  spring was lower than in France. The results 
fou n d  in 1 984 near Kalamata and Sparta match those 

found in France and in G reece. Meek did not find 
sexual activity in T. herma1111i in autumn, but in G reece 
sexual activity was seen in October (Wi l lemsen). so 
there could be some differences in behaviour between 
Greek and Yugoslavian T. her111a1111i populations. 
E xcept for one male no sexual activity was seen in 
T. 111argi11ara before autumn 1 984. Clark ( 1 963) gives a 
h igh sexual act ivity in T. nwrgi11ara in autumn. I n  
Greek T. marginara populations n o  sexual activity was 
seen after Apri l  and before October (Wil lemsen), so it 
is l i kely that the sexual cycle of T. marginara differs 
from that of T. hermanni. 

BODY TE M PE R ;\TU R ES 

No sign ificant differences in body tem perature of 
T. henna11ni were found during four months of 
research, though it is poss ible that differences would be 
significant in  larger samples. Cherchi ( 1 956) gives 32°C 
as max imum body temperature for normal act ivit ies 
and 34°C as maxim u m  voluntary body temperature. I n  
the field basking T. hermanni accept body temperatures 
to 35°C and feeding tortoises to 34°C (Meek,  1 988) .  
The body temperature of bask ing and feeding tortoises 
is of special interest, for these act ivities are completely 
voluntary. Basking tortoises are mostly found close to 
cover, so that in  case of overheating they can go 
direct ly  into cover. Feeding tortoises are mostly found 
on open patches, often rat her far from the nearest 
cover, so they have to watch their body temperatures 
more closely than the basking tortoises. Activity such 
as moving, mating and especial ly  nest ing can not be 
stopped at once, so in these tortoises the body 
temperature can eas i ly exceed the maximum voluntary 
value and sometimes even the critical value.  

Near Meteora every year in June,  in  the nesting 
season, several mostly old females were found dead on 
the open patches, wh ich were used as nesting sites. 
Overheat ing could be possible cause of death.  In 
moving and stationary tortoises often rather low and 
rather high tem peratures were fou nd, because many of 
these animals were either at the beginning of their 
act iv i t ies and st i l l  had a low body temperature, or were 
at the end of their activit ies and often had a body 
temperature over the maxim u m  normal body 
temperatu re .  

In  a l l  studies about thermoregu lation of T. hermanni 
the maximum voluntary body temperature remains 
under 3 5°C in active tortoises, but the l imi t  which 
Cherchi  gives (32°C) is too low. In  the field 34°C is the 
max i m u m  body temperature for normal activities. 
A lthough the mean in SCL in T. hermanni populations 
in Greece and Yugoslavia differs widely (Wi l lemsen 
and Ha i l ey ,  1 989), no difference in body temperatu re 
tolerance was found in larger and smaller tortoises 
with a SCL over I Ocm (Wil lemsen).  

In  June and August t here was a trend t owards lower 
body temperatures. M eek ( 1 982, 1 988) also found t h is 
trend. A fter May no body temperatures over 3 1 °C 
were found in basking tortoises. I n  August  the 
max imum body temperature in feeding T. hermanni 
was 32°C, but  i n  June it was st i l l  the same as in May. 
This relatively high body temperatu re was probably 
caused by environ mental differences of the site near 
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Kalamata. I t  seems T hermanni keep t heir body 
temperatures lower in summer than in s pring, thus 
keeping on the safe side in summer. The sample of 
October was too smal l  to  say much about the  body 
temperatures during that month.  

I n  a l l  samples the  body temperatures o f T.  marginal a 
was s ign ificant ly  h igher than in T hermanni. I n  
basking and i n  feeding T. marginata max imum body 
temperatures of36°C and 37°C were found.  I n  contrast 
to T hermanni the  body temperatures of T marginata 
in feeding tortoises were h igher than in bask ing 
animals .  I t  is possible that tortoises with a maximum 
body temperature after bask ing never left the  macchie 
and so were never found. I n  T. marginata the body 
temperatures had decreased s ignificantly in June, and 
the trend towards· lower body temperatures was 
stronger than in T. hermanni. Although the mean in  the 
body temperature in T. marginal a was sti l l  h igher t han 
in  T. hermanni in June,  the  differences in body 
temperatures of different a.ct iv i t ies were no longer 
sign i fi cantly different. The habitat near Gytheion is 
much hotter in summer than the  relatively cool habitat 
of K a lamata and also that of Sparta, so in summer 
T. marginata maintains a lower body temperature, to 
be on  the safe side. I n  A ugust only five T. marginata 
were found during a s ix  day vis it ,  so the  activity of 
T. marginata was very low. A l l  tortoises were found 
during the  afternoon. E xcept i n  moving tortoises no 
body temperatures over 34°C were found, so the 
max imum voluntary body temperature is  probably 
lower than in May. 

The u n imodal act ivity during the  evening could be 
explained by the  high risk of  overheati ng during the 
morni ng hours,  when air temperature and he l iothermic 
energy were increasing fast. H owever, at other cooler 
s i tes i n  southern G reece T. marginata was seen in the 
morning i n. August ,  so the  u n imodal even ing activity 
could be characteristic for the hotter habitats in 
southern Greece during summer. In October the body 
temperatures of T. marginata were h igher t han in  June 
but lower than i n  May and in  A ugust. I t  i s  p ossible t hat 
i f  the  n um ber of a n imals in  the  sample in A ugust had 
been l arger the results would have been the  reverse. I n  
October the same m ax imum body temperatu re i n  
feeding T. marginata were found as i n  M ay. The 
un imodal activity pattern of T. marginata found in the 
middle  of the day and the s ignificant l ower body 
temperatures in feeding animals  as compared to t hose 
in May  may i ndicate that in October overh eating was 
u n l ikely ,  so the tortoises cou l d  safely use the hottest 
hours of the day. However, u nder t hese circumstances 
T. marginata is s t i l l  able to reach the  same max imum 
body temperature i n  feeding tortoises. Pigmentation 
and s h ape of T. marginal a wil l  make it  easier  to absorb 
heat, compared to  T. hermanni of equal s ize.  

The relatively low body temperatu res found in 
T. hermanni i n  October (no body temperature was over 
32°C) were possibly caused by the k ind of habitat of 
Kalamata; but we m ust  not rule out t he poss ibi l it y  that 
T. hermanni wil l  not be able, u n der the circumstances 
of October, to reach the same max imum body 
temperatures as in May. 

In a l l  samples the  maximum body temperatures in 
T. marginata were significant ly h igher than m 
T. hermanni. The maximum voluntary body 
temperatues of T. hermanni ta l l ied with the values 
which were found in a number of other studies, so the 
values found i n  t h is study can be considered 
representative of the species T hermanni. 

In feeding T. marginata the body temperatures were 
3°C higher than in T hermanni. I n  dry and hot habitats 
th is will give an ecological advantage over T. hermanni. 
This partly explains the  habitat separat ion between 
t hese two species, but some d ifficult ies remain .  I f  
T. marginata heats u p  faster than  T hermanni, as 
suggested by the body temperatures found in October, 
the ecological advantage of a h igher body temperature 
tolerance in T. marginata would be reduced. I n  th is 
study no lower temperatures than 25°C in feeding 
T. hermanni and no lower than 28°C in  feeding 
T. marginata were found. 

Cherchi  ( 1 956) gives 1 6°C as the  min imum body 
temperature for normal activity in T. hermanni. I n  
spring, especially in  northern G reece, the c l imate is 
rather cool and wet with a lower heating rate of the sun 
than in southern Greece. Under t hese circu mstances a 
lower body temperature min imum in T hermanni 
could give an ecological advantage over T. marginata. 
I n  early Apri l  1 982 during a period of cool weather 
only T. hermanni were found near L itochoron. On this 
site T. marginata l ives sympatrically in low density 
with T. hermanni (Wi l lemsen and H ailey,  1 989). I n  
northern Greece the  soil  vegetation dies in  early 
summer and does not regenerate in  autumn,  at l east 
not under circumstances which make activit ies of 
tortoises st i l l  possible ,  so T marginata will miss its 
autumnal  act ivity t here; sexual activity in  autumn 
could be an indicat ion of importance of an autumnal 
activity of this s pecies. Thus the cl imatical circum
stances in spring and in  autu mn could make northern 
Greece unsuitable for T. marginata. 

The fact t hat T. hermanni is s t i l l  active with a lower 
body temperature could make T. hermanni able to 
complete with T marginata i n  those k inds of habitats, 
namely on the border of the distribut io n  area 
of T marginata, where in southern Greece T. marginata 
has replaced T hermanni completely. I n  fact T hermanni 
is found only in relat ively wet and cool habitats  i n  
southern Greece, often sympatric with a sparse 
T. marginata populat ion,  and the  reverse is found in  
dry and hot  habitats (Wi l lemsen and Hailey ,  1 989). 
This is  an indication that the h igher body temperature 
tolerance of T marginata suppl ies an ecological 
advan tage in t hose habitats, in spite of a probably 
faster heat i ng rate. It also seems that aest ivat ion is 
more com mon in T marginata t han  in T. hermanni i n  
southern Greece, so i f  t he physiological abi l i ty o f  
T. marginata to escape t he d ifficu lt hot summer 
months by aest ivat ion is  greater t han i n  T. hermanni, 
t hen  t h i s  wi l l  also give T. marginata an ecological 
advantage in hot h abitats. A lso morphological 
differences cou ld  m ake T. marginata less suitable for 
h abitats in which T. marginata l ives i n  southern 
G reece. 
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ABSTRACT 

A lacustrine Chara marl (ea. 1 0,000-8 ,800 radiocarbon years BP) at the Whitemoor Channel Site near Bosley, 
East C heshire, yielded fossil amphibian remains, including palmate n ewt Trirurus he!vericus, s mooth newt Trirurus 
vulgaris, natterjack toad Bufo ca!amira, common toad Bufo bufo, common frog Rana remporaria and material 
belonging to  t hese genera which probably represent the same five species. All of these species are extant and occur 
natural ly in Britain today, although for the  past two hundred years the  natterjack toad Bufo ca!amira has occurred 
on ly  locally in Britain ,  being essent ia l ly  restricted to coastal dunes and in land heaths.  The well-dated Flandrian 
(early Holocene) finds from W hitemoor Channel are an  i mportant addition to previous, poorly strat ified,  records 
from Cow Cave, C hudleigh, Devon, and Ightham Fissures, Sevenoaks, Kent .  Taken together, these records 
demonstrate early colonisat ion of E ngland by B. calamira after the last Cold Stage and suggest a wider geograph ical 
occurrence of the natterjack than in Bri ta in  today. 

I NTRODUCTION 

In t heir account of the sediments infi l l ing a former 
glacial meltwater channel cut into Upper Carboniferous 
sandstones and shales at W hitemoor n ear Bosley, 
Chesh ire, (SJ9 l 7678) Johnson ,  Franks and Pollard 
( 1 970) described a fossi l iferous shel l  marl  or Chara 
marl ( 'white calcareous marl') conta in ing amphibian 
remains. The occurrence of  th is h ighly calcareous 
sed iment  in an area of general l y  acidic bedrock reflects 
leach ing of carbonate early i n  t he Flandrian from 
fresh ly  la id down glacial deposits .  I n  an addendum to 
the above report, A .  J.  Stuart l isted fishes :  brown trout 
Sa!mo trutta and rudd Scardinius erythropthalmus: and 
amphibians:  newt Triturus sp.; common frog 
Rana temporaria; and common toad Bufo bi(fo. We 
now present the  results of a detailed study of the 
amphibian material. 

Johnson et al. ( 1 970) recorded the fol lowing sect ion 
at the  centre of  the  channel :  

Fen peat  (fl ooring val ley) l . 70m 

Chara m arl l . OOm 
blue-grey calcareous mud 0. ! 0m 
blue-grey s i l ty clay (base not seen) 

Toward the m argin ,  the  Chara marl was only 0. 30m 
t h ick ,  and was absent altogether in borin gs only 20m 
from t h e  centre of  the depress ion .  The marl comprised 
unconsolidated, fine, gran u lar calcium carbonate of 
biogen ic  origin, principally the characteris t ic  oogonia 
and r ibbed stem components of  stonewort Chara. 
Shel ls  of freshwater Mol lusca were abundant, 
com pr is ing mai n ly Lymnaea peregra. P!anorbis a/bus, 
and t h e  rarer Sphaerium corneum. Ostracoda were also 
recorded. 

The pol len diagram indicates open habitats with 
grasses and sedges during the deposi t ion of the 
calcareous mud in pol len assembl age zone  I I I  at the 
end of the  Devensian L ateglacial (Johnson er al. , 
1 970). Pol len assemblages from the overly ing marl 
record the development of birch Berula woodland, 
with alder Alnus, hazel Cory/us and willow Sa/ix. 
Grasses, sedges and aquatic plants are also represented. 
These assemblages are characteristic of the very early 
part of t  he Flandrian or Holocene, represent ing pollen 
substages FI la and F I  l b  of West (e.g. 1 977), 
equivalent to zones IV and V of G odwin (e.g. 1 975).  
Comparison with the  radiocarbon-cal ibrated sequence 
at Red Moss, Lancashire, 53km to the northwest, 
(Hibbert , Switsur and West ,  1 97 1 )  suggests that the 
foss i l iferous marl at W hitemoor s pans the period from 
approxi mately I 0,000 to  8 ,800 radiocarbon years 
before the  present ( B P) .  At the  beginn ing of substage 
FI I I  (zone VI) ,  marked by t he expansion of p ine Pinus, 
oak Quercus and e lm U!mus, deposit ion of peat began ,  
indicating dry ing out  of the  l a k e  a n d  colon isation by 
fen vegetation. 

The s mal l  auger used in the original survey by 
Johnson et al. ( 1 970), whi le  satisfactory for obtaining a 
series of pol len samples, produced only sparse 
vertebrate remains.  Two larger samples of shel l  marl, 
total l ing  about 0.06 cubic metres, were recovered from 
beneath waterlogged fen peat by A .  J. Stuart, using a 
purpose-built hand auger 20cm i n  diameter. A bu ndant 
amphibian remains and shells were readi ly  obtained by 
wash ing the unconsol idated sediment  t hrough a 
mi l l imetre sieve. The h igh concentration of bones 
probably reflects slow accumulat ion,  averaging about 
I mm of  sediment per year. 
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POST.NEURAL ARCH '* 

SYSTEMATIC PAL A EONTO LOGY 

The fossi l  material discussed herein i s  preserved in  
the collect ions of the  Castle Museum, N orwich, under 
t he accession number NCM 1 43.989.  Numbers of 
individual specimens are shown in parentheses, e .g .  
NCM 1 43.989 ( I ) .  

Class Amphibia L innaeus, I 758  
Order Caudata Oppel, 1 8 1 1 

Family Salamandridae Gray, I 825 
Genus Trirurus Rafinesque, 1 8 1 5  

O n  the  basis of the modern skeletons that were 
studied, the Brit ish species of Trirurus may be 
d ist inguished from one another on the basis of several 
isolated postcran ial elements, including vertebrate, 
humeri and femora. Trirurus crisrarus is much more 
osteologically distinct from T. he!vericus and T. vu!garis 
than are the latter two species from each other. This 
corres ponds with Arnold and Burton ( 1 978) where 
T. cristarus is the nominate form of the T. cristatus 
group and T. he!veticus and T. vu!gari.� are placed in the 
T. vulgaris group .  Estes ( 1 98 1 )  considers T. cristarus to 
be a primit ive s pecies of the genus Triturus. A rnold and 
Burton ( 1 978) have shown that the fronto-squamosal 
arch is absent in T. crisratus, present but i ncomplete in 
T. vu!garis and complete in T. he!veticus. 

Trunk Vertebrae. - Based on modern skeletons 
examined: T. cristatus (2), T. vu!garis (6) and 
T. he!veticus ( I ) , the  trunk vertebrae of al l  three species 
may be dist ingu ished from each other (Fig. I ) . The 
tru n k  vertebrae of T. cristatus are larger and have a 
lower neural spine than in T. vu!garis and T. he!veticus. 
Moreover, in T. cristatus they have the posterior neural 
arch extending posterior to the  postzygapophyses and 
a n arrow, V-sh aped notch; the  posterior neural arch 
ends anterior to  the postzygapophyses and has a U
s haped notch in T. vu!garis and T. he!veticus. 

The tru n k  vertebrae of T. vu!garis may be separated 
fro m  those o f T.  helveticus on the basis of the narrowly 
U-shaped notch in the posterior neural arch of the  
former species and the broadly U-shaped notch i n  the  
l atter species. None  of  the Whitemoor Channel  
vertebrae represents T. cristatus, but may vertebrae 
wi th  t he posterior neural arches complete could be 
assigned to  ei ther T. vulgaris or T. he!veticus. 

Humeri. - The h umeri of T. cristatus have a more 
elongate crista ventral is (terminology of Duel lman and 

Fig. I Tru n k  vertebrae of modern Trir11rus. 
A. T. crisra111s; B. T. v11/garis; C. T. helvericus. 
The l ine  equals 2111 111 and applies to all figures. 

Trueb, 1 987) and a th icker shaft than in T. 1111/garis and 
T. he!veticus ( Fig.  2), but we have been unable to 
separate the hu meri of the latter two species 
satisfactorily from one another .  The single hu merus 
from the Whitemoor Channel Site represents either 
T. 1111/gar·is or T. he!vetirns. 

Femora. - The femora of T. cristatus have the t ibia! 
end more widely Oared, the medial part of the shaft 
wider, and the area between the  trochanter and the 
femoral end more elongate than in  T. vu!garis and 
T. he!veticus (Fig.  3 ) ,  but we cannot dist inguish the 
femora of the latter two species. The t hree femora from 
the Whitemoor Channel Site represent either T. vu!garis 
or T. he!veticus or both ,  but none represent T. cristatus. 

Triturus vu!garis (L innaeus, 1 758) Smooth Newt 

Material. - Ten vertebrae NCM 1 43.989 ( 1 - 1 0) .  
Remarks. - The smooth newt occurs in  the area 

today (Yalden, 1 986).  This species is said to be more 
terrestrial t han many species of the  genus and occurs in 
a wide variety of damp habitats  (Arnold and Burton, 
1 978). 

Triturus he!veticus (Razoumowsky, 1 789) Palmate Newt 

Material. - Twenty vertebrae NCM 1 43.989 ( 1 1 -30). 
Remarks. - The palmate newt occurs in the area 

today ( Frazer, 1 983) .  This species is said to be more 
aquatic than T. vu!garis. It breeds in a wide variety of 
aquatic habitats, sometimes lentic ones, and somet imes 
even i n  brackish water near the  sea (Arnold and 

CRISTA VENT. 
B 

Fig. 2 R ight h umeri of modern Trirurus. A, T. crisratus; B ,  
T. helvericus. The l ine  equals 2 m m  and applies to  a l l  figures. 
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Fig. 3 Right femora of modern Triturus. A, T cristatus; B ,  
T vu/garis; C ,  T helveticus. The l i ne equals 2mm a n d  applies 
to both figures. 

Burton, 1 978), but tends to prefer more acidic waters 
than T vulgaris (Yalden, 1 986). 

Triturus sp.  indet. 
Material. - L eft dentary NCM 1 43 .989 (3 1 ) ; n ine 

atlantes NCM 1 43.989 (32-40); 5 1  vertebrae 
NCM 1 43.989 (4 1 -9 1 ) ;  right humerus NCM 1 43 .989 
(92); two right and one left femora NCM 1 43.989 
(93-95). 

R emarks. - We were u nable to assign the non
vertebral elements to s pecies, although we feel that 
T vulgaris and T helveticus are those represented. The 
above vertebrae were not assigned to species because 
diagnostic parts were m issing. 

Order A nura R afin esque, 1 8 1 5  
Family Bufonidae Gray, 1 825  

Genus  Bufo L au renti, 1 768 

H o l man ( 1 989) discussed the identification of 
Bufo bufo, Bufo calamita and Bufo viridis on the basis of 
isolated i lia. Two il ia! characters in combination enable 
one to  identi fy fossi l  specimens as B. bufo or  B. calamita 
with a h igh degree of confidence. ( I ) B. bufo has a low, 
roughened or rou n ded i lia!  promi nence, whereas 
B. calamita has a relatively h igh and triangular one 
( Fig. 4a) .  An 'unusual '  morph occasional ly occurs i n  
the i l ium o f  B. bufo, however, where the i l ia! 
prominance arises from the s haft as a low, irregularly 
shaped  crest (Ho lman ,  l 989a, p. 10, F ig. 1 ) .  (2)  B. bufo 
lacks the elongate ventral ridge ( 'calamita ridge' of  
Holman ,  l 989b) that occurs on  the  posterior part of the  
i l ia! s haft and that is separated from the u p per part of  
the shaft by  an i n dented area in  B.  calamita. I t  appears 
l ikely that the differences in i l ia!  structure between the  
two species reflect the d ifferences in  locomotion, as 
B. calamita makes ' mouse-l ike' dashes that B. bufo 
does not  s how. Bohme ( 1 977) h as provided a means for 
dist i n gu ishing the . sphenethomoids and sacra of  
B.  bufo and B. calamita, but  these elements appear to 
be m ore variable than the i l ia (Holman, l 989b).  

Bufo calamita L aurenti, 1 768 N atterjack Toad 

Material. - S acrum NCM 1 43 .  989 (96) and two left 
i l i a  NCM 1 43 .989 (97-98) (Fig .  4a). 

Fig. 4 Left ilia of fossil Bufo from t he Whitemoor Channel 
site.  A, B. calamita NCM 1 43 .989 (97);  B, B. bufo 
NCM 1 43.989 ( 1 04). Each l ine equals 2mm. 

Remarks. - This record as wel l as other fossil 
records of B. calamita i n  England wil l  be addressed in 
the d iscussion sect ion of the present paper. 

Bufo bufo (L innaeus, 1 758)  Common Toad 
Marerial. - Three left sphenethmoids (one with a 

supraoccipital attached) NCM 1 43. 989 (99- 1 0  I ) ; two 
sacra (one partial) NCM 1 43 .989  ( 1 02- 1 03);  and one 
left i l i um NCM 1 43 .989 ( 1 04) (F ig. 4b). 

Remarks. - This toad occu rs in the area today 
(Frazer, 1 983). The common toad has a wide range of 
habitats, but it needs shal low, standing water to be able 
to reproduce. 

Bufo sp. indet.  
Material. - Four left exoccip itals NCM 1 43.989 

( 1 05- 1 08); two parasphenoids NCM 1 43 .989 ( 1 09- 1 1 0); 
one left ahd one right dentaries NCM 1 43.989 
( 1 1 1 - 1 1 2);  two left and two right angulosplenials 
NCM 1 43. 989 ( 1 1 3- 1 1 6);  three at lantes NCM 1 43 .989 
( 1 1 7- 1 1 9); s ix left scapulae N C M  1 43.989 ( 1 20- 1 25); 
four left and one right suprascapulae and two 
suprascapu lar fragments NCM 1 43 .989 ( 1 26- 1 32) ;  two 
left h umeri NCM 1 43 . 989 ( 1 33- 1 34) ; one left and one 
right radioulnae NCM 1 43.989 ( 1 35- 1 36). 

Remarks. - These bones are easily dist ingu ished 
from t hose of Rana, but we are u nable to dist inguish 
between B. bufo and B. calamita on the basis of these 
elements because of a lack of available comparative 
material of modern B. calamita. 

Fami ly Ranidae G ray, 1 825 
Genus Rana L i nnaeus, 1 758 

Bohme ( 1 977) h as given characters that dist inguish 
individual bones of  certain species of Rana from each 
other. We have been able to ident ify R. temporaria on 
the bas i s  of sphenethmoids, sacra and i l ia  us ing  the 
characters pointed out by B oh me and by the 
examin ation of modern skeletal material. 

Rana temporaria L i nnaeus, 1 758  Common Frog 

Material. - Sacral vertebra NCM 1 43 .989 ( 1 3 7);  
two right i l ia NCM 1 43 .989 ( 1 38- 1 39); a partial  
associated, skeleton NCM 1 43 .989 ( 1 40). 
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Fig. 5 Map of the distribution of fossil and modern 
Bufo ca!amita in  England. Modified and redrawn from 
Frazer, 1 983.  Triangles indicate fossil records. Open circles 
indicate historic records up to and including 1 959. Closed 
circles i ndicate records from 1 960 through 1 969. Squares 
indicate records from 1 970 to  1 983 .  X's indicate introduced 
in dividuals or populations. 

Remarks. - The sacra of R. temporaria have their 
diapophyses more posteriorly di rected than those of 
other Brit ish and E uropean Rana and the i l ia !  crest 
(vex i l lum ofBohme, I 97 7) of the i l ium is qu ite reduced 
anteriorly com pared with other Brit ish and European 
Rana (Bbhme, 1 977) .  The associated frog skeleton is 
ident ified as R. temporaria on the basis oft  he struct ure 
of the right sphenethmoid (Bohme, 1 977 ,  p. 29 1 ,  Fig. 5) .  
This fossi l  skeleton lacks both i l ia as well  as the 
sacrum .  

The common frog i s  found i n  the area today (Frazer, 
1 983).  This species may be found quite far from 
permanent water, but needs shal low, st i l l  water to be 
able to reproduce. 

Rana sp. indet .  

Material. - R ight premaxi l la  N C M  1 43 .989 ( 1 4 1 ) ; 
r ight maxi l la  N C M  I 43 .989 ( 1 42);  left angu losplenia l  
N C M  1 43.989 ( 1 43); two at lantes NCM 1 43.989 ( 1 44-
1 46); two left and two right hu meri NCM 1 43 .989 
( 1 46- 1 49); four  left radioulnae NCM 1 43 .989 ( 1 50-
1 53) ;  one urostyle NCM 143 .989 ( 1 54). 

Remarks. - These skeletal elements are distin
guishable  from t hose of Bufo bufo and other European 
genera, but we are unable to determine what species of 
Rana they represent. 

DISCUSSION 

The W hitemoor Channel site, East Cheshire h as 
y ie lded at l east two species of newt and three species of 
anuran, a l l  of which represent forms l iv ing in  Br i ta in 
today. Moreover, with the exception of a record of 
Emys orbicu/aris from the F landrian of E ast Wretham 
n ear Thetford, N orfolk (A. Newton, 1 862; Stuart, 1 982) 

assem b lages from Flandrian s i tes i n  Br i ta in  have t hus  
far y ielded on ly ex tan t  Br i t ish species (E.  Newt o n ,  
1 894: H ol m a n .  1 985 .  1 987a.  1 988) .  This is i n  contrast 
to  Cromeria n .  H o x n i a n  and I spwich ian  i n terglacial  
herpeto faunas which have yielded exot ic an urans and 
repti les fou n d  on t he E u ropean Cont inent  today , but  
not occurr ing n atu ra l ly i n  B r i t a i n  ( Holman.  I 987b.  
1 9 8 7c: H o l m a n ,  C layden and Stuart ,  1 988:  H o l man.  
Stuart and Clayden, 1 990, Stuart, 1 982). 

Beebee ( 1 978)  s p u rred an  i nterest ing exchange of 
ideas in t he I 980's (Beebee . 1 980. 1 988/89; Wal ters. 
1 98 1 ;  W i l k i nson,  1 988;  Yalden,  1 980a, 1 980b. 1 98 1 ) on 
t h e  exp lanat ion for t h e  rest ricted d is t r ibu t ion of 
B r i t a i n 's rare a m p h i bians  and rept i les ( n a t t e r. jack toad 
B. calamita, sand l i zard Lacerta agi/is and smooth 
snake Coronel/a austriaca). 

In essence Beebee ( 1 978) pos tu lated t hat  t he present 
d i s t r ibut ion of rare herpetological species re u l t ed 
from h u man act i v i t ies in the  N eo l i t h ic wh ich  crea ted 
heat h l a nd corridors i n  the domi n a n t  regional  
dec iduous forst . connect i ng t h e  West  M id land  and 
nort hwest Eng land w i t h  Eas t  A n gl i a .  Ya  Iden ( I  980a) 
drew attent ion to t he cl ima t i c  warming at t he onset of 
the F l a ndr ian  ( H olocene) from a l i t t le before 1 0,000 
BP, wh ich was so rapid tha t  t here was co ns iderable 
delay before the arrival of forest t rees, and suggested 
that the resu l t i ng  open cond i t ions wou l d  have al lowed 
the rare species to colon ise Britain ex tens ive ly .  The 
subsequent development  of dense forest t hen rest r icted 
them to coasta l  dunes and heaths .  W a l ters ( 1 98 1 )  
sugges ted that warmer cl imates i n  the past would  have 
allowed the rare species to occupy a wider divers ity of 
habi tats in Britain as they do further south in mainland 
Europe,  and agreed with Yalden that it was 
unnecessary to search for previous exist ing heaths and 
dunes when plott ing dispersal routes. Wil kinson 
( 1 988) and Beebee ( 1 988/89) further com mented on 
Bufo calamita history in Brita in ,  in  short notes,  based 
in part on poorly strat ified (? Flandrian) records 
(Holman, 1 985, 1 988) .  

S ince its first mention as a Brit ish species by Pennant 
in 1 776 (Smith,  1 973)  B. ca/amita has occurred widely, 
but locally, in England and southwest Scotland, 
mostly confined to coastal  dune and inl and heath s i tes .  
I t i s  also found i n  southwest I re land.  In  recent decades 
it has become ext inct at many local i t ies where it  was 
formerly present ( F ig. S) and i ts  survival i n  Bri ta in is 
now largely dependant on careful management of the 
remain ing sites. 

The natterjack is distributed from I beria across to 
north-central Europe, reaching as far north as about 
55° N in  Bri ta in and 58° N in  south Sweden and 
Estonia (Arnold and Burton, 1 978) . The species 
exploits a wider range of habitats in southwest Europe, 
where it  is also more abundant. Northward and 
eastward it becomes associated with sandy soi ls that 
provide warmer m icrocl imates (Beebee, 1 983).  
According to Beebee, a l l  habitats outside the warm 
I berian Pen insula share the same featu res; well
drained soils and low vegetation al lowing high 
amounts of sunshine to reach ground level ,  so that 
summer temperatures can be much h igher than  typical 
for t h at lat i tude. B eebee regards B. calamita as 
pr imari ly  a species of south west E urope, able to extend 
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its range elsewhere, including Britain, by  exploiting 
local ly  warm habitats. 

The foss i l  records of B. calamita are from:  I .  
?FJandrian cave deposits from Cow Cave, C hudleigh , 
Devon (Holman,  1 988);  2. ?Flandrian fissure deposits 
from Ightham Fissures, near Sevenoaks, Kent 
(Holman, 1 985); and 3.  early F la ndrian (approximately 
1 0,000 to 8,800 BP) from the p resent site at Whitemoor 
Channel ,  Cheshire. 

The Cow Cave and Ightham sites lack precise 
stratigraphic i nformation.  They probably date from 
somet ime  with in the  Flandrian, within the  t ime range 
of I 0,000 BP to a few hundred years ago. The Ightham 
fissures also yielded C. austriaca (Holman,  1 985) .  
Today, B. calamita is apparent ly extinct i n  Devon, but 
there is a pre- 1 960 coastal record for the  species 
(Frazer, 1 983) .  The Chudleigh s i te  is about 9km from 
the coast. I n  relation to the Ightham fossi ls ,  there are 
two p re- 1 960 records from Kent ,  one from the Dover
Deal area and the other frorn a more in land local ity 
near C anterbury (Frazer, 1 983) .  

The only well-dated fossi ls  ( those from t he 
Whitemoor Channel)  are of i m portance because they 
date from early in t he Flandrian when most of the 
modern fauna  and flora was immigrat ing  from the 
Continent  in response to c l imatic a melioration 
fol lowing the much more severe cl imates of the Last 
Cold Stage. Bri ta in was then broadly connected to 
Cont inental Europe across t he eastern Channel and 
the southern North Sea (e.g. Stuart, 1 982) .  Substages 
FI l a  a n d  FI l b  at Whitemoor (Johnson et al. , 1 970), 
Red M oss (Hi bbert et al., 1 97 1 )  and other s ites in 
Chesh i re and L an cashire cover the period of 
deve lopment of birch woodland in a landscape 
previously dominated by grasses and sedges. S ince 
birch casts relatively l ight shade, i t  is probable that 
open,  sunny environments would  have been wide
spread throughout t his period. The rapid  temperature 
rise very early i n  t he Flandrian is well shown in  
analyses of radiocarbon-dated beetle fau n as from 
Br i ta in  by Atkinson et al. ( 1 987) .  Their curve indicates 
t h at mean annual temperatures were already as high as 
today by about 9,500 BP.  But  values rather h igher than 
those of  today were not reached unt i l  much l ater i n  the  
Flandr ian ( 'Cl imatic Opt imum')  about 5-7,000 BP.  

In  t h e  early Flandrian, as today, W hitemoor was 
nei ther a coastal dune s i te nor heathland. There is  no  
indicat ion of heaths  ( E ricaceae) in  the po l len  diagram 
from t h e  site (Johnson et al. , 1 970). G iven t h e  n ature of 
the bedrock and p resence of glacial t i l l  ( 'boulder clay') ,  
both s andy and clay soils wou ld  h ave been avai lable 
loca l ly .  Bu(o calamita i n  Br i ta in  and I reland l ives in 
coastal dunes or heathland. Reports from Cambridge
sh ire (J enyns, 1 830) and the  Furness regio n  (Frazer, 
1 983)  actually reflect typical habi tats (T. J . C .  Beebee, 
personal  commun icat ion to J . A . H . ) .  Throughout its 
range today the natterjack breeds in sha l low, often 
ephemeral ,  and preferably non-acid pools,  unshaded 
by vegetation (Beebee, 1 983) .  The Whitemoor pool,  
some 3 0  met res i n  diameter, s hal low, highly calcareous 
and unshaded ( there was no terrestria l  p lant  material 
other t h a n  pollen  in the sediment)  would have met 
these criteria. 

The nat terjack occurs today in northern E ngland 
only along coastal dunes, extending from Cheshire to 
Cumbria and the Scottish shore of  the Solway Firth 
(Frazer, 1 983; Beebee, 1 983). There are a few pre- 1 960 
records from in land sites in northern E ngland ( Fig. 5), 
although there are considered probably incorrect by 
Beebee ( 1 983,  Fig. 4). 

The fossil  evidence from the Whitemoor Channel 
therefore favours Yalden's view ( 1 980a, 1980b, 1 9 8 1 )  
that the natterjack was spread more widely i n  Britain 
in  the early Flandrian before the arrival of dense forest 
restricted it to local open s ites. Coastal dune h abitats 
were present throughout the Flandrian, and numerous 
pollen diagrams provide evidence of the Flandrian 
h istory of  heath land in  Britain .  Pollen of Er icaceae, 
presumably mostly Erica and Cal!una, pollen and plant 
macrofossils special ly identified as heather Cal!una 
vulgaris, and plant m acro foss i ls on ly  of crossed-leaved 
heath Erica tetra/ix occur throughout the Devensian 
Lateglacial  and early Flandrian in moderate fre
quencies, becoming much more abundant from the 
beginn ing of substage FI Id (zone VII  a, about 7,000 
BP; Godwin, 1 975) .  At first, heath communit ies 
p robably existed local ly on acid soils,  and after about 
7,000 BP greatly expanded with increased podsol isation 
(Godwin, 1 975).  From about 5,000 BP, with the arrival 
of Neol i th ic farmers, human activit ies - forest 
clearance, burn ing and grazing l ivestock - appear to 
have enhanced th is  natural succession. No doubt, as 
suggested by Beebee, the  natterjack and other rare 
herpetological species would have expanded their 
ranges with the spread of heath land at th is t ime. 

The evidence from Whitemoor emphasises the 
potent ial for recovering  fossi l  herpetological m aterial 
from other well-strat ified and dated late Quaternary 
s i tes,  wi th  the promise of tel l ing us  more about the 
origins of our present herpetofauna.  
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ABSTRACT 

Egyptian torto ises were col lected in the field and X-rayed at 2-4 week in tervals during two breeding seasons. 
Females laid 2-3 clutches per year, each consisting of 1-3 large eggs. The internest ing period was est imated to be 
20-30 days. The nest was a shal low pit at a base of a bush. The breedi ng biology of Testudo kleinmanni is s imilar to 
that o f  other smal l  h ighly special ised tortoises. 

INTRODUCTION 

The Egyptian tortoise, Testudo k/einmanni, is a small  
terrestrial  tortoise which inhabits sandy areas and 
dunes throughout northeastern L ibya (Schleich, 1 989), 
northern Egypt, Sinai and eastwards to the northern 
Negev in  Israel (Flower, 1 933;  Iverson, 1 986; 
M en delssohn, 1 982). The Egyptian tortoise is an 
endangered species threatened by habitat destruction 
(Mendelssohn, 1 982) and commercial collect ing 
(Busk irk,  1 9

_
85) .  

The l imited information o n  i ts  breeding biology has 
originated from captive individuals in Egypt and 
Israel .  Data on wi ld populations are not available. 
Lortet ( 1 887) observed mat ing during M arch-April  
and n est ing during May. F lower's ( 1 933) o bservations 
on a large number of individuals in Giza Zoo indicated 
that peaks in copulation frequency occurred in  
September-October whi le  eggs were la id  mainly in 
June.  Egg length and width ranged from 29-30mm and 
22-23mm, respectively. S ixty-nine  individuals hatched 
in Giza Zoo, 53 per cent in October, 24 per cent in 
November, 9 per cent both in  September and February 
and 5 per cent in January (Flower, 1 933) .  These young 
were total ly yel low in colour and their carapace length, 
width and height was 33mm,  28mm and 1 8mm,  
respectively. In  Israel, captive tortoises mated during 
October-November and February-April ,  while eggs 
were la id between A pri l  and July .  Hatch ing started in  
August and ended i n  October, except for a s ingle case 
in December. The incubation period, at constant 30°C, 
was 97- 1 1 9 days ( Mendelssohn,  1 982). Half  of t hese 
clutches (n = 1 2) consisted of one egg, two clutches 
consisted of two eggs, t hree other clutches o f  three eggs 
and one of four  eggs (Mendelssohn, 1 982) .  

This paper describes prel i m inary observat ions on 
the breeding pattern of a wi ld popu lat ion of the 
Egypt ian tortoise in Israel .  

METHOD S  

Study site - T h e  study was carried out  a t  Holot 
Agur, about 1 5k m  north of  B eer-Mi lka (34° 24' E, 

3 1 °C 00' N), in  the north western Negev desert. The 
area is characterised by east-west t rending sand ridges 
separated by deep valleys. Mean annual air temperature 
is 20°C (Israel Meteorological Service, unpubl .  data), 
with mean maximum 30°C in the hottest month (July) 
and mean min imum 1 2°C in  the coldest month 
(January) . Subzero temperatures are rare. Large 
fluctuat ions in air temperature ( I  O- I 5°C) are common 
during the day. Most precipitat ion ( I 00-200mm) 
occurs between October and March .  Vegetat ion cover 
averages 20-30 per cent and consists pnmarily of 
A rtemisia monosperma plant associat ion (Waisel, 
Pollak and Cohen, 1 982) .  

Field methods - Adult  females were randomly 
collected, mainly by fol lowing fresh tracks on the sand, 
and X-rayed (Gibbons and Green, 1 979; Turner, 
Medica and Lyons, 1 984) using a portable X-ray 
generator (Softex K-2; 3mA; 50kV; individuals were 
placed 50cm away from the generator and were 
exposed for 1 0  seconds) .  Four fem ales were fit ted with 
radio-transmitters (I  5- I 7g) that were glued with dental 
acryl ic to  the posterior carapace (Geffen and 
Mendelssohn ,  1 988, 1 989). These females were X
rayed every 2-4 weeks during their daily inactivity 
period (eveni ng, Geffen and M endelssohn, 1 989), 
between January and July, and were returned to the 
locat ion of col lect ion a few hours later. 

In May 1 984 two females, that were previously X
rayed and were known to carry eggs, were each placed 
in a smal l  enclosure ( I  m2) for 2-3 weeks. Each 
enclosure was bu i l t  around a large bush with a complex 
system of  rodent burrows. The females were released 
after the eggs were laid.  The aim of this procedure was 
to enable us to locate nests and monitor the i ncubation 
period in the wild.  We used only t wo females, largely 
because very few females were located daily.  

E very 2-4 weeks dai ly air (50cm above ground) and 
surface ( 1  and 5cm deep) temperatures were taken, 
using a d igital thermometer (Wescor TH-65, accurate 
to  ±0. l 0C), from a bush base n ear each nest .  At each 
visit ,  temperature m easurements were taken at equal 
in tervals four  t imes dai ly.  In addit ion, sand samples 
were collect.ed twice a day (at 0500 and 1 400) from the 
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19  3 1 984 

SCL Age 1 5. 4  29.4 6. 5 20. 5 _4. 6 1 8 . 2  1 6. 3  1 3 .4 4 .5  1 8 . 5  8 . 6  

# I  1 1 1 . 3 9 0 

#2 1 1 3 .6  8 0 0 

#3 1 1 6. 5  9 2 2 0 

#4 1 06.4 6 2 2 2 0 0 

#5 1 1 3 .4  7 0 2 3 3 0 

#6 1 1 3 .0  9 2 0 2 2 0 

#7 1 1 2 . 6  6 2 2 0 0 

#8 1 20.7 8 2 

#9 1 1 4 .3  7 2 

# 1 0  1 07 .3  7 0 

x 1 1 2 .9 7 .6  1 .0 2 .0  2 .0  2 .0  0 .5 0 1 . 0 0 .8 2 .3  1 . 3  0. 5 

TA B L E  I :  Number o f  eggs, determ ined b y  X-ray .  i n  n ine  Egyptian tortoise females during two breeding seasons .  Dates o f  
X-raying are presented for each year. with t h e  mean nu mber of  eggs per tortoise for each date shown a t  the bot tom l i ne. 
SCL = St raight Carapace Lengt h (111111). Age represented as number of  growth rings coun ted on carapace plates. 

I n t ercept Slope r2 F p cl . f. 

Clutch s ize -2.50 0.04 0.05 0 .59 >0.4 1 . 1 3  

Egg width 8 .92 0. 1 4  0. 20 5 .60 <0.05 1 . 23 

Widest egg per c lu tch 1 . 75 0. 2 1  0 . 37  7 .0 1 <0.05 1 . 1 3 

TAB L E  2: L inear rela t io nships of reproduct ive variables to body size (straight carapace lengt h )  in Testudo k!ei11111a1111i. 

surface ( I  and 5cm deep) and stored in sealed 
containers. The sand samples were later weighed, 
dried in a oven ( I  00°C) and in  a desiccator. Water 
content  in  the sand was calculated as the difference in 
weight of samples before and after drying.  

Data analysis - Clutch size and measurements of 
eggs were calculated from X-ray negatives. Correct ion 
for egg posit ions in the  tortoise body (= 2cm above the 
X-ray fi lm) were made by reducing measu rements by 
2 per cent. L inear regression and one way A NOV A 
were used in the statist ical analysis. 

RESULTS 

During th is study we observed only two mat ing 
pairs ,  both during March . On one occas ion a male was 
observed to attempt copulating 28 t imes within one 
hour. This behaviour consisted of series of  k nocks on 
the  posterior part oft he female's carapace , causing the 
female to stop, fol lowed by the  male cl i m bi ng on the  
fem a le's back, pushing his ta i l  beneath hers and 
s imul taneously uttering a series of high pitched, 
rasping calls (described by Flower, 1 933 and Loveridge 
and Wil l iams, 1 957) .  

Table I summarises the  n umber of eggs observed 
in n ine  females during two nesting seasons .  During no 
other period of  the  year did females carry eggs. Eggs 
were first observed in the oviduct during M arch-Apri l  
and last  observed dur ing the  end of June.  Most  
c lutches  (8 )  consisted of two eggs ( total  number of 
c lutches = 1 4) ,  five consisted of one egg and one con
s isted of t hree eggs (mean ± SD = 1 .7 1  ± 0 .6 1 ) . 

Two nests were fou n d  i n  July (6.7. 84), one i n  each 
enclosure. The nests, that contained two and t hree 

eggs, were located in a shady spot at a base of a bush, 
facing south.  The eggs in  each nest were laid in a 
shal low pit  (3-4cm deep) and covered with sand. The 
sand around the eggs was c lumped as if it was 
previously wetted. Mean (±SD) length and width of 
the eggs was 3 1 . 6mm ± I . I and 2 1 .4mm ±0. 5 ,  
respect ively. The eggs were not moved from their  
original posit ion when measurements were taken. 
Sand temperature at a depth of 5cm ranged between 
24. 3-38. 2°C in July,  23 .5-35. 3°C in August and 23.9-
34. 5°C in September. Sand water content at the  surface 
during the  summer ranged between 0. 1 3-0.30 per cent 
and at depth of 5cm between 0. 1 6-0.27 per cent. 

In one nest two young hatched after 70-90 days. On 
1 4. 9. 84 we observed one i ndividual hatching,  the other 
hatched one or two days l ater. H atchl ing body length 
was 25. 7 and 30mm and their weight was 3-4g. No 
hatching occurred in the other nest, but an egg from 
this  nest  contained a l ive embryo (I  Omm) and a large 
yolk sac 1 0  months after the eggs were laid. 

Egg width and n um ber were measured from X-ray 
negatives. Mean egg width was 24. 3mm ± I . I ,  and 
varied s ignificantly between females (F= 4.6, d . f. = 6.23, 
P<O. O  I ) . Egg width sign ificantly correlated with body 
size (Table 2). 

DISCUSSION 

The period of mat ing appeared to be l im ited to  t he 
spring ( March). A l t hough copulations were reported 
to occur in captivity during autumn (September
October, Flower, 1 933;  M en delssohn,  1 9 82), there 
were no i ndications t h at t hey occur i n  autumn i n  the  
wi ld .  Furt hermore, Geffen and Mendelssohn ( 1 989) 
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reported that capt ive individuals showed a different 
annual  activity cycle due to avai labi l i ty of food round 
the year. This phenomenon might have impl ications 
on the breeding behaviour of tortoises in  captivity . 
Copulat ion attempts during autumn were o bserved in  
the  wi ld in  Gopherus po/yphemus but  females were not 
recept ive during that time ( Landers, Garner and 
McRae, 1 980). 

Sperm storage is  a well docu mented phenomenon 
with terrestrial t ortoises (Moll, 1 9 79). Fitt ing four 
females with transmit ters prevented them from 
copu lat ing due to the locat ion and size of the 
t ransm i tter, however they produced 2-3 egg clutches 
annual ly .  Sperm storage appears to  be an especial ly 
important  mechanism in  species with relat ively low 
density populations (e.g. Egypt ian tortoise, 27 
individuals per km2; Geffen, 1 985), ensuring repro
duct ion when males are not encountered. 

Ovulat ion of s im i lar s ized ova in  the  ovaries 
occurs s imultaneously (Mol l ,  1 979), so presence of 
d ifferent  nu mbers of  eggs in  a female's oviduct at 
d ifferent  t imes with in one season is indicative of 
several d ifferent clutches. Differences in shel l  th ickness 
are eas i ly  observed by X-ray, where th in  shel led eggs 
i ndicate the  format ion of a new clutch .  We concluded 
from Table I that: 

1 )  The nest ing period lasted from March to  the end 
of June. 

2) With in  the nest ing period each female produces 
4-6 eggs in two-three cycles. 

3)  The i nternest ing period is  est imated to  be between 
20 and 30 days. 

Egg s ize in nature was s imi lar  to that measured in  
capt iv i ty by  Flower ( 1 933) .  Congdon and G ibbons 
( 1 983, 1 985) studied the relat ionships between 
reproductive characters and body s ize in  a variety of 
turtle s pecies, and concluded that among species clutch 
size i ncreases with body size. In many species, egg width 
i ncreases with body size (Congdon and Gibbons, 1 985;  
Hailey and Loumbourdis, 1 988)  probably reflect ing 
the  width oft  he pelvic cana l .  Ha i ley and Loumbourdis 
( 1 988) argued t hat small ind ividuals can overcome th is 
constraint  by modifying egg shape, t hus  smaller 
individuals are expected to carry more elongated eggs. 
This cou l d  not be i nvestigated here as egg length can 
not be accurately measured from X-ray photographs. 
It appears t hat p roduction of  mul t iple clutches per 
year is  a common phenomenon i n  the Testudo species 
and it m ay reflect the  morphological constraint of  
packing shel led eggs wi th in  the  body (Swingland and 
Stubbs, 1 985;  Andreu and Vi l lamor, 1 986; Hailey and 
Loumbourdis, 1 98 8) .  

The n est construct ion,  as wel l  as the ind ication for 
u rinat ion during oviposit ion are typical for t errestrial 
tortoises ( Ehrenfeld,  1 9 79). Urination in  the  nest may 
camouflage the eggs' smel l ,  t hus decreasing detection 
by poten t ial predators (Patterson,  1 98 1  ) . Urinat ion 
may also increase the  h umid i ty  i n  the  nest ,  thus  
decreas i n g  water l oss by evaporation from the eggs. 
I ncubat ion  t ime in the  wi ld was lower than in captivity 
(Mendelssohn,  1 982) but th is may be due to the 
difference in  temperature regime during i n cubation.  
Fluctuat ions i n  n est temperature and low rates of 

h umidi ty  have also been observed in  Testudo hermanni 
(Cheylan ,  198 1 ) . Data from Giza Zoo showed that 
hatching takes place mainly during autumn and early 
winter. In th is period food (annual plants) is l i kely to 
be most abundant and potential predators are either 
h ibernat ing (desert mon itor, Varanus griseus) or 
elsewhere (birds of prey, Geffen and Mendelssohn,  
1 988, 1 989), thus hatching during autumn and early 
winter may increase survival of the young. The 
extended and unsynchronised hatch ing period reflects 
the  annual  nest ing cycles, but it also provides a 
mechanism to ensure that at least some of the young 
wil l  emerge when conditions are more favourable, 
especial ly in years with low rain fal l .  The case of the  
egg, that  after 10  months  had not yet hatched, but  
contained a l ive embryo, may i ndicate that  under  the 
same ambient condit ions changes i n  incubation t ime 
can occur. Such, probably mutative, changes may have 
select ive survival value if hatch ing occurs in winter, 
when food is most abundant ,  instead of during early 
autumn.  

The Egypt ian tortoise breeding strategy can be 
categorised as type I I  (Mol l ,  1 9 79), characterised by a 
smal l  n u m ber of relat ively large-size eggs, a prolonged 
nesting period and sol itary nest ing s i te  that does not 
require specific locat ion or structure. Tortoises that 
are incl uded in  th is category are h ighly special ised 
smal l  species l ike Homopus. KinixFs and Ma/acochersus. 
The smal l  body size l im its  the n u m ber of eggs in each 
clutch because egg size cannot be reduced beyond a 
certain point  and s t i l l  contain the  necessary amount of 
water and energy reserves needed for the embryo to 
develop and survive t he incubat ion period. Evolution 
led these species to develop fewer but larger eggs 
yielding fewer offspring but increasing their survival .  
Small numbers of eggs and the lack of need for a 
specific nesting locat ion decreases egg predation in  
these species (Mol l ,  1 9 79).  
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ABSTRACT 

The movement pattern of adul t  male Lacer ta vivipara travell ing spontaneously along a wooden-walled channel 
was s imilar to  the  previously measured pattern of animals  moving across an open space, compris ing an alternat ion  
of short  (-1  s) bursts of  locomotion with even shorter (-0 . 1  s)  pauses. Changing the struct u re and appearance of  
the walls of the  channel altered the locomotor pattern .  Grass turf separated from the l izards b y  glass h ad t h e  greatest 
effect, causing a decrease in mean burst s peed and an i ncrease in mean pause duration .  This persisted for 25 trials, 
suggest ing that the response to the visual st imulus presented by turf was investigatory and not merely due to its 
novelty,  whereas the smaller effect seen when the walls were of white card waned with t ime and so may have been 
primarily a response to change. 
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I NTROD UCTION A N D  METHODS 

Many species of l izards move in a characteristically 
discont i nuous way, alternat ing short periods of 
locomotor act ivity with short pauses when their  l i mbs 
are im mobile.  I t  was shown by A very, Muel ler, Smith 
and Bond ( 1 987) t hat in adult L acer/a vivipara at their 
active body tem perature t ravel l ing spontaneously 
across an open space between two tungsten bu lbs used 
for thermoregu lat ion,  the bu rsts of locomotion had a 
mean duration of0 .30 s and a mean speed of 1 4. 6cm s · 1  
(equ ivalent to 2. 9 snout-vent lengths (SVL) s - 1 ) ,  and 
that the interven ing pauses had a mean duration of 
0. I 2 s .  These values were consistent in  any set of 
experimental  conditions the coefficients of 
variat ion for mean burst speed and mean pause 
durat ion ,  for example,  were 52 per cent and 77  per cent 
respect ively. 

The functions of  the pauses which give the 
locomotor pattern its appearance of jerk iness are not 
known . It has been suggested t hat they m ight resul t  
from p hysiological constraints ,  or that they might be 
an adaptation to increase the probabil ity of perception 
of potential  prey or p redators .  The experiment 
reported in th is  paper investigates the suggestion by 
Avery et al. ( 1 987) that prey detection is i mportant by 
investigating the effects of a n um ber of n ovel visual 
st i m u l i ,  some of which are i ndi rectly related to food 
and others not,  on locomotor variables. 

The experimental  animals were three adult male 
L. vivipara with i ntact tails weigh ing 2 .5-3 .0g and with 
snout-vent lengths of approximately 50m m .  They were 
housed u nder condi t ions described by A very et al. 
( 1 987) in an arena measuring 1 80 x 55cm wi th  a 60W 
tungsten bulb beneath which they could  bask at each 
end. The space between t he bu lbs at  the  centre of the 
arena contained a trackway, 45cm long and 1 Ocm h igh, 
i ni t ia l ly  constructed of wooden blocks. A l t hough the 
l izards could c l imb over the wooden blocks and so 
escape s ideways out oft he trackway, they rarely did so. 
In the first experiment the  trackway was 20cm i n  
width,  i n  subsequent experiments 1 Ocm i n  width.  The 
l izards were video fi lmed wh i ls t  running along the 
trackway, and the  tapes analysed, by the  methods 
descr ibed in A very et al. ( 1 987).  

Subsequently the wooden blocks were removed and 
replaced with glass. Grass turf was placed behind the 
glass and encased in  further glass so that the  l izards 

Mean burs! Overall 
speed speed 

(S VL s· 1) (S VL s·') 

Wood, 20cm width 2 .90 4 1  2 .62 48 

Wood, I Ocm width 2 . 78 29 2 . 5 3  34 

Turf with glass 1 .49 A 45 1 . 1 4  B 1 0 1  

Wood wi th  glass 1 . 83 A 1 9  1 . 6 1  B 3 1  

White  card with glass 1 . 79 A 3 7  1 . 76 B 45 

had no access to i t ;  th is  also ensured that the st imulus 
was visual and not o lfactory. As a control experiment 
the  glass was reta ined, but the  grass turf replaced by 
wooden blocks. In a fu rther experiment the wooden 
blocks were replaced by plain white cardboard, 
providing minimal  v isual st imulus ,  in an attempt to 
separate the  effects of st imulus complexity and 
novelty. Twenty-five sequences of  movement were 
analysed in each of these five sets of condit ions :  the 
variables recorded were (a) d istance moved during 
locomotor bursts (b) duration of locomotor bursts and 
(c) duration of pauses. From these the derived 
variables burst speed (a/b), overall speed (Ia/Ib+Ic)) 
and pause frequency could be calculated. A l l  speeds 
are expressed in uni ts  SVL s- 1 •  

R ES ULTS A N D  DISCUSSION 

Locomotor variables for l izards under the two 
standardising sets of condit ions,  i . e .  when moving 
along wooden-wal led channels 20cm or I Ocm in  width ,  
are shown in the  first two l ines of Table I .  None of the 
variables differed sign ificant ly between the two widths; 
mean burst speed and mean pause duration did not 
differ sign ificantly from those observed in  adult l izards 
of the  same species moving spontaneously across an 
open space in  the laboratory (Avery et al. , 1 987; I-tests, 
P>O. l in al l  cases), a l though the mean duration of 
bursts was h igher ( I  = 2.4 I ,  P<0.05). This was 
probably because the wooden wal ls constrained the 
movement  of the  an imals so t hat they had less 
opportun i ty  to change direct ion ,  and so travelled in 
straighter l ines, t han when crossing an open space. 

Replacing the wooden walls with turf (separated 
from t h e  l izards by panes of glass) resulted in  a m arked 
change in the locomotor pattern ( th ird l ine of Table 1 ) .  
Mean pause duration and pause frequency increased, 
mean burst speed and mean duration of bursts 
decreased (all except mean pause duration sign ificant 
at P = 0.05, one-way A NOVA with Student-Neuman
Keuls (SNK)  tests). 

Values for locomotor variables in l izards moving 
between walls of  glass-fronted wood or plain white 
card were i ntermediate between the  'standardising' 
and the 'turf condit ions ( l ines 4 and 5 of Table I ) . 
Mean burst speeds were h igher, but not s ignificantly 
different from, the  'turf cond i t ion ;  mean burst 
durations and pause frequencies were not sign ificantly 

Mean bursr Mean pause Mean pause Pause durarion 
durarion durarion frequenc .I' as a pffcenrage 

(�) (�) (s ') of 10/al lime 

0.96 73 0. 1 3  1 1 5 0 .70 93 1 0. 6  

1 . 1 4 5 7  0. 1 5  1 33 0.63 95 1 0. 2  

0 .64 c 6 1  0 .22  7 1  1 . 1 0  E 68  24. 3 

0 .97  5 2  0 . 35  D 1 43 0. 7 1  8 7  20. 2 

0. 99 70 0 . 1 4  45 0. 82 5 1  1 4. 0  

TA B L E  1 :  Variables rela t ing to l ocomotion of Lacerra vivipara u nder defined experimenta l  condit ions.  Figures i n  each col u m n  
show m e a n s  followed by t h e i r  coefficients of variat ion.  Means m a rked A - E  d iffer s ignificant ly  from t hose i n  the  'wood' condit ion 
(one-way ANOVA with  SNK tests ,  P<0.05) .  
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different from t hose u nder 'standardising' conditions 
(one-way ANOV A with SNK tests). Mean pause 
duration with walls of glass-fronted wood was higher 
than u nder any of the other four condit ions, however 
(SNK test ,  P<0. 05), with a very high coefficient of 
variat ion (Table ! ) .  This was probably because l izards 
were able to see their own reflection in the glass from 
some angles, and paused for longer to observe it ! 
(Reflected images were clearer when the glass was 
backed by wood than by turf or white card) .  

Short pauses in  l izard locomotion might have a 
physiological exp lanation, for example they might be 
due to rapid depletion of the h igh energy molecu le 
phosphagen or arginine phosphate (AP, see Prestwich, 
1 988) ;  or t hey might be functional, relat ing to the 
ability of the animal to more successfu l ly perceive prey 
when it is immobile (as in many birds, see for example 
Tye, 1 9 89). The relat ive l ikel ihoods of these different 
kinds of explanat ions were discussed by A very er al. 
( 1 987) :  circumstantial evidence favoured the second 
class of  hypotheses, because mean pause durat ion 
increased in  the presence of crickets (A chera 
domestica), on which the l izards feed avidly. The 
resu l ts shown in Table 1 provide further circumstantial 
support for such an explanation; they show that a 
relatively s imple visual s t imulus (turf) alone can el icit a 
change in locomotor pattern. It is suggested that th is 
s t imulus is associated with potential prey because the 
invertebrates on  which L. vivipara feed (see Avery, 
1 966) tend to be more abundant in  dense vegetation 
than in  open spaces; i t  therefore elicits an i nvestigatory 
response, resul t ing i n  slower speeds and longer pauses. 

I t  m ight be argued that the responses shown in 
Table I were due to the novelty of the s t imul i .  This was 
tested by comparing mean burst speeds and mean 
pause durations during the first eight trials and the last 
eight tr ials wi th in  each condit ion. The only sign ificant 
difference was in mean pause duration in trials with 
white card (0. 1 9  ± 0.02, 0.09 ± 0.02 s:  r = 3 .06, P<O.O 1 ) . 
This suggests that the l izards i n it ia l ly responded to the 
white card because of its novelty, but habituated to it 
and hence reduced mean pause frequency; whereas in 
all o ther condit ions they were responding to visual 
com p lexity as well as novelty, and the response 
remained. I t  is perhaps significant in this context that 
the mean pause duration in  the last eight trials in the 
'white card' condit ion was the lowest recorded in  any 
of the present experiments (c.f. Table I )  - white card 
provides min imal visual st imulus.  

E xperiments examin ing the responses of  L. vivipara 
to a potential  predator (the snake Vipera berus) have 

hown that olfactory t imul i  can also alter locomotor 
behaviour.  Changes in  the proport ion of the behaviour 
category 'no move' occurred in response to bot h t he 
physical presence of the snake (primarily a visual 
s t imulus)  and to a cage in  which t he snake had recently 
been h oused (an olfactory s t imulus).  Some of the 
pauses were of extremely long duration, however, and 
were interpreted as attempts to avoid detect ion 
(Vanderstighelen, 1 987). 

The experiment reported here does not i nvest igate 
the poss ibi l i ty of individual differences in behaviour -
the data from the three l izards have been pooled in  
compi l ing Table I .  A more detai led investigation 
should consider the possibil ity of such variat ion, 
however, s ince it is known to occur in both locomotor 
patterns (e.g. Garland, 1 985; Huey and Dunham, 
1 987) and foraging behaviour (e.g. Ehl inger, 1 989) of 
many kinds of animals. 
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BOOK REVIEWS : 

(/) Worterbuch der Herpeto!ogie (Dictionary of 
Herpetology). K laus Kabisch . (477 pp. ( 1 990). Gustav 
Fischer Verlag, Jena. ISBN 3-334-00307-8) .  48.-DM 
(hardcover). 

This dict ionary (in German language) is a source of 
concise informat ion on about 2,000 head-words to 
morphology, taxonomy, physiology, ethology and 
ecology of amphib ians and repti les. The depth of 
information varies considerably among the fields 
t reated. The largest number of h ead-words pertain to 
the  complex morphology/anatomy due to the 
cooperation of the author with Johannes Klapperstack. 
This goes to the extreme that almost every vena and 
arteria makes a separate head-word. Taxonomy 
fol lows with the complete account of the  European 
herpetofauna and a selected number of exotic species. 
The criterion for including a non-European species is 
apparent ly  not of scientific nature but oriented mainly 
on the i nterest of amateur keepers of herps .  Species 
names are given in German and in Lat in ,  subspecies 
are not mentioned. The features of t he higher taxa are 
mentioned up to the  level of fami l ies. E thology, 
ecology and physiology are t reated in less h ead-words 
and rather superficial ly due to the  complex interactions 
in t hese fields and the enormous differences among 
species. 

Despite of the l arge number of head-words and t he 
broad area treated, typographical  errors or u nreliable 
information are amazingly few. However, the 
defin i t ion of uricotely (i .e. n i trogen excret ion i n  form 
of uric acid) as a k ind of parental care ( irrigation of 
spawn wi th  urinary bladder flu id) is certainly a serious 
error. There are also some m inor m is takes in the  
geographical distribution and the  behaviour of species, 
e.g. Gastrotheca marsupiata. This Peruvian m arsupial 
frog has often been confounded wi th  the E cuadorian 
G. riobambae i n  l iterature, so t hat the information 
given below this head-word is a m ix ture of t h e  biology 
of both species. This k ind of error s imply reflects that 
we s t i l l  know very l i t t l e  about the  vast m ajority of 
tropical herps. Final ly ,  a surely personal view on the  
practice of naming  every species treated i n  German. I 
do not feel t hat i t  m akes any sense to create trivial 
n ames for widely unknown exotic species. 

W h at is  the i ntended readership for the  dict ionary 
of herpetology? The publishers a im at a broad range 
from amateur herpetologists through biology students 
to  professional zoologists. However, only t h e  complex 
morphology/anatomy reaches a level of scientific  
interest ,  whereas the  t reatment of the  other fields often 
remains superfic ia l .  Considering the selecti o n  of head
words I suspect t hat the author h i mself aims at t he 
l arge number of German-speaking amateur herpeto
l ogists,  and I th ink  t h at he  is r ight .  This book compiles 
a lot of information u.sefu l  for people who l ike  to know 
m ore about the exotic h erps which t hey keep i n  their  
aquaria .  Furthermore, i t  i s  of i nterest for the  
increasi ng number of people concerned with the  
destruction  of habitats t hreaten ing our  local herpeto
faunas. I t s  relat ively low price m akes t h is dict ionary 
access ib le  for all these people. I recommend it for those 

who want to  l earn more about amphi bians and repti les 
t han compiled in pure field guides but do not l ike to 
read scient ific text books. 

Ulrich Sinsch 

(2) Life History and Ecology of the Slider Turtle. 
J. Whitfield Gibbons - Smithsonian I nstitute. 

In i t iated by the Un ited States Atomic E nergy 
Comm ission, t his  book is the  result of research to 
examine t he i mpact on natural environments of a 
nuclear faci l i ty which was later expanded to i nclude 
studies on the local populat ions of p lants and animals.  
In particu lar, the  influence of t hermal pollution on the 
environment and i ts l i fe forms were to be examined. 
Chelonians have apparently been a major study group 
here, particularly the  s l ider turtle Trachemys 
(=Pseudemys) scripta. This book is about the  research 
carried out on the  animal  and is  based on a series of 
studies that can be traced back more than 20 years. 

A l though the  book's main author is J. Whitfield 
Gibbons, there are in fact addit ional contributions 
from 3 1  other workers who, between them,  have 
produced 368 pages of text comprised of 24 chapters 
covering a range of subject matter which deals, after 
t hree introductory papers, with Taxonomic Status and 
Genetics (4 papers), Reproduction and G rowth 
(6 papers), Structure, Demography and I nteraction 
amongst Populations (6 papers), B ioenergetics 
(4 papers) and a final concluding paper which 
discusses the 'Sign ificance of Long Term Research on 
Long-L ived Turtles'. 

I n  general t he papers are derived from research 
carried out on the  Savannah R iver Plant in  the Upper 
Coastal Plain of South Carolina .  However, included 
are particularly interest ing discussions such as in  the 
paper by J .  D .  Congdon and J. W h i tfield G i bbons on 
'The Evolut ion of Turtle L ife H istories' which traces 
the  origin of delayed maturity, relatively low 
morta l i t ies and hence long l ife spans in chelonians to 
the  evolution of t h e  protective bony shel l  which 
appeared sometime  in the Triassic.  

A furth er paper on the theme of evolutionary biology 
is  the  discussion  concerning 'Turtle  Eggs, thei r  
E cology and Evolut ion'  by J .  D .  Congdon and 
J. Whitfield Gibbons.  The origins of the rept i lian egg 
can be t raced to the  ancient Cotylosaurian rep t il es,  the 
romerid captorhinomorphs who apparent ly  produced 
a relat ively naked amniot ic  egg rather s im ilar to the  
condit ion found i n  certa in modern amphibians where 
the  eggs are deposi ted in a terrestrial nest and a 
m i niature adul t  eventual ly emerges i nstead of the  
normal amphib ian larvae. The authors a lso discuss 
recent work on parental  investment  which i ndicates 
that rept i le  eggs provide s ignificant amounts of e nergy
giving material for ma intenance and growth i n  the  
young rept i le  after hatch ing. Thus the  earlier v iew that  
repti les provide l it t le  post-natal care must  now be 
modified; they would appear to  provide such care but 
in a more i n�irect way than mammals and birds. 
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Probably because it is a subject that part icularly 
interests me, I found the paper on 'Thermoregulation 
and Cl imate Space of the Sl ider Turt le' by J. R. Spot i la.  
R .  E .  Foley and E .  H. Standora very usefu l .  I n  part it is 
a rev iew of prev ious works on the subject. but they 
have addit ional ly produced a cl imatic space diagram 
for T. scrip1a (a rather complex model determin ing the 
relat ionship between heat exchange rates oft he animal 
and i ts  environment) .  They then tested the predictions 
of the model with a series of experiments on  T. scrip1a 
i nhabit ing ponds whose water is heated art ificial ly as a 
result  of being used as a coolant for plutonium 
reactors .  Th is  resu l ts in  a series of aquat ic thermal 
gradients which become progressively warmer w it h  
proximity to the reactors. The resu lts were o f  great 
interest and I am sure wil l  be famil iar to researchers 
who have observed repti le thermoregu lation in the 
field. 

These were the papers that caught my eye. other 
r<:viewers would no doubt have drawn attention to 
other papers in  the book. but then this i s  one of the 
major strengths of the work, its subject diversi ty .  
H owever, i t  is valuable for other reasons, not the least 
being that i t  provides a wealth of in format ion on that 
much maligned species, the red-eared sl ider, which 
passes through the pet trade in enormous numbers 
every year. The book does much to fi l l  gaps in our 
k nowledge of not only terrapin bio logy but also repti le 
biology in genera l .  The authors are to be congratulated 
for thei r  efforts because anyone who reads th is book 
wi l l ,  I am sure, benefit, I certainly did. but furthermore 
I enjoyed reading it .  

R. Meek 

(3) A t/as de Repar1i1ion des Amphibiens et Rep1i/es de 
France. Compiled by J .  Castanet and R .  Guyetant :  
Societe H erpetologique de France ( 1 98 9). £I  0.00; 
available from the S H F, Un iversite Paris VI I ,  
Laboratoire d '  Anatomie Comparee. 2 Place Juss ieu . 
7523 1 Paris Cedex 05, France. 

This new Atlas describing the dist ributions of all 
French amphibian and repti les is a welcome successor 
to the Pre l iminary t las publ ished in 1 978. A foreword 
by t he project coordi nator is fol lowed by sect ion on  
pre entat ion,  method of data c l lect ion .  l ist of 
contributor and of pecies, a brief backgr und 
out l in ing how pre ent-day di tr ibut ion pattern may 
have ari en and then the bulk of the work : di tribution 
maps and a page of accompanying text f r each of 70 
animals.  The list includes hybrid forms (e.g. Tri1urns 
cris1a111s x T. 111annora11.1s, once incorrect ly a cribed to 
a separate species ' T.  b/asii') and pecies which occur in  
France more or less by  accident (some of the marine  
turtles washed up on beacl1e ). Each text is written by a 
herpetologist with experience of the specie in question 
' in  the field' in France, and is thu brief but 
aut horitat ive. Final ly there is a bibl iogra phy i ncluding 
more than 250 citat ions. 

It  is a most impress ive work and wil l  be invaluable to 
all herpetologists with an interest in  French 
herpetofauna. from professionals to casual visitors. 
Records,  a total of 44,200 from 1 , 200 contributor , are 
separated into those from 1 950- 1 970, and those post-
1 970; they are much

. 
more complete than those in the 

prel i m inary at las, and for most  species probably give 
an accu rate picture of current d istribut ion at the 
resolut ion of 25km x I 5km squares (for convenience, 
the squares were chosen on the basis of France's 
1 /50,000-scale map coverage). It was interest ing to see 
how widespread natterjacks are, and how sand li zards 
are absent from northern and western France; the 
latter species makes an in terest ing comparison with the 
green l izard, which is widespread i n  the west and 
northwest and must therefore tolerate a more 
'At lant ic '  c l imate than Lacer ta agilis. So why haven ' t  
green l i zards been able to establish themselves in 
England? 

A l together a most pleasing pu blicat ion .  It does, of 
course, require at least a bas ic competence in  French 
(or perhaps, as in my case, a mem ber of the fami ly to 
do the translation for you).  There are no English 
summaries. 

Trevor Beebee 
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OBITUARY 

PROFESSOR ANGUS D' ALBINI BELLAIRS , 1 9 1 8-1990 

A ngus Bellairs, who was an  E meritus Professor of 
the U n iversi ty of London and a dist i nguished 
i nternational herpetologist, died on 26th September 
1 990. His passing  will be sadly mourned by a very wide 
community of herpetologists and zoologists around 
the world. His  death marks the end of an era, where it  
was possible for one man to know virtually everything 
about all rept iles. 

Angus D'Albini  Bellairs was born on  I I th January 
1 9 1 8  and educated at Stowe School ,  Queen's College, 
Cambridge and U n iversity College Hospital ,  London. 
Interested in  natural history,  especially in repti les, for as 
long as he could remember, he was delighted to find  
that  i t  was poss ible to read Zoology a t  Cambridge in  
com b ination with the tradi t ional  medical subjects .  At 
Cambridge, his zoological in terests became directed to 
comparative anatomy and he was lucky enough to 
meet several teachers who later became l ifelong 
friends:  in  parti cular, Dixon Boyd, Fra n k  Goldby,  
Hugh Cott  and Rex Parrington who as A ngus later 
wrote 'showed in his elegant and st imulati ng lectures 
on foss i l  rept i les the  best that  the  formal discipl ine of a 
un iversity course can offer' . 

When A ngus graduat ed from Cambridge i n  1 939, 
the clouds of World War II were looming. He had 
already decided to study medicine and qual ified in 
1 942. I n  the same year, he was called up in to  the Royal 
Army Medical Corps and found the army surprisingly 
less u npleasant than he had expected, and in some 
ways, more democratic than University l i fe ! He was 
posted as Medical Officer to the Fourth Divisional 
E ng i neers and h is unit went al.most immediately to 
North A frica and took part in the fina l  batt les in  
Tun i s ia :  i t  went  briefly to Egypt  and then to Italy, 
partic ipat ing in  the fight ing around Cassino.  A ngus 
was t h en sudden l y  p osted across the  world to a branch 
of the Army Biological D i rectorate at the Headquarters 
of General Sl im's ,  1 4th ( 'forgotten') A rmy in Burma. 

This transfer carried promotion to  Major. Everywhere 
Angus werit ,  he collected rept i les and t here was a 
general rumour (which he may h ave encouraged) that 
anyone in his un i t  who reported sick with a repti le in a 
t in  was bound to receive a day off duty ! Al l  th is  rept i le 
material was careful ly preserved and sent back to 
Dixon Boyd in  England, who tended it unt i l  after the 
war: many of the s pecimens were ut i l ised by Angus 
throughout his ent i re subsequent career. As wouid be 
expected, th is post ing to the Far E ast afforded further 
opportun it ies for collection and also fascinating 
human experien ces in the cou rse of duty. One of 
Angus' main projects in the 1 4t h  A rmy was a follow up 
of non-commissioned soldier patients in  I ndian 
Hospitals which took him into many weird and 
wonderful  Medical Inst i tutions throughout the length 
and breadth of the sub-cont inent .  He told wonderful 
stories of the alcoholic Colonel commanding an Indian 
Hospital  Who carried out his ward rounds on  a bicycle 
when he was not shoot i ng imaginary t igers t hrough the 
window of his hut .  He also remembered the capricious 
medical documentat ion of the I n dian Army: an aged 
sepoy d iagnosed as suffering from seni l i ty might be 
temporarily down graded to Category B for further 
treatment ! In 1 945, A ngus was attached to the British 
Army S taff in  Washington and by the strangest of 
mil itary chances, Victory Day found him in Times 
Square, New York where h e  participated in  
celebrations,  possibly remin iscent  ofMafek ing n ight in  
London.  

A ngus had long decided that h is  career after the War 
was not to be in  clin ical medic ine and it  would have 
been logical for h im to seek a post in a Zoology 
Depart ment of one of the restructuring Brit ish 
Univers i t ies. However, J .  D. Boyd, then Professor of 
Anatomy at the  London Hospital Medical College 
persuaded him that  Anatomy, which at that t ime 
contained a strong tradition of comparative work, 
might b e  a suitable mi l ieu in wh ich to combine his 
zoological interests with his medical experience, and 
offered him a Lect u resh i p  in  his  Department.  During 
his t ime at The London Hospital  Medical College, 
A ngus n aturally paid his respects to Professor G .  R .  
(later S i r  Gavin) D e  Beer, the  doyen of cranial 
morphologists i n  the Anatomy Department of 
Universi ty  College London. There he met a research 
student,  Ruth Morgan , whom he subsequently married 
and who is now h erself Professor of  Embryology in the 
same A n atomy D epartment at University College 
London .  Their daughter, Vivien ,  qualified i n  Medicine 
at Oxford and is now a GP in Colchester. 

I n  I 95 1 ,  J .  D. Boyd moved to  t h e  Chair of  Anatomy 
in Cambridge and managed to  take  A ngus with him as 
a L ecturer i n  Anatomy. However, A ngus m issed being 
in the capital ,  and found the high teachi ng loads i n  
Cambri dge t iresome. He was t h erefore delighted i n  
1 953 to  obtain promotion to  t h e  Readership i n  
Anatomy (later i n  E mbryology) a t  S t .  M ary's 
Hospital,  Medical School, London ,  where he remained 
happ i ly unt i l  his retirement in 1 982. In 1 970, A ngus 
Bellairs was awarded a personal Chair in Vertebrate 
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Morphology and became an Emeritus Professor oft he  
University of London upon his ret irement. 

Angus Bel lairs felt deeply attached to  two other 
major scientific inst i tut ions i n  the capita l :  The Br i t ish 
Museum of Natural History and the Zoological 
Society of London.  H is relat ionship with the Zoo was a 
part icu larly happy one and s ince 1 957 .  he held an 
honorary appointment as Consult ing Herpetologis t  to  
the Zoological Society of London.  He was a member o f  
t h e  Zoological Society's Publica t ions Commit tee for 
many years and was a founder member of t h e  Br i t i sh  
Herpetological Society in 1 947: and for some years . 
Editor of i ts Journal .  the Brirish .1011mal of 
He1pe1alogv. Both th is society  and the American 
Society of Ichthyologists and Herpeto logists elected 
h i m  to H onorary Membership.  A n gus was also a 
member of the Anatomical Society of G reat  B r i t a i n  
and I reland, the L innean Society and a Fel low of the 
I nst i tute of Biology. I n  the year of his  ret i remen t .  I 
organ ised a scientific sympos i u m  at the Zoological 
Society of London in  honour of the occas ion .  I t  was a 
jo int  sympos ium,  co-sponsored by t h e  Zoo logica l 
Society of London. the Anatom ical Society of Great 
Br i ta in and I reland and the Br i t ish H erpetological 
Society and well attended by leading author i t ies from 
around the world . His Fest schr ift (The St ructu re 
Development and Evolution of Reptiles) was publ ished 
as Symposia 52 i n  the Zoological Society of London 
series by Academ ic Press in l 984. 

Angus Bel lairs made a n u m ber of scient i fi c  travels i n  
post-war years . I n  1953.  he studied a n d  col lected 
rept i les in Algeria .  du r ing t he t e n u re of an a ward from 
King's Col lege. Cambridge . Then , in 1 955,  he obtained 
a Royal Society and Nuffield Foundation Common
wealth Scholarsh ip  to  visit Un ivers i t ies i n  South 
A frica. He enjoyed the zoology, especial ly the 
crocodi le  watch ing. In 1 970. he was Vis i t ing Professor 
of Zoology at the Un iversity of Kuwait and as a person 
of the h ighest reputed moral integrity was put  in charge 
of the girl  students' field excurs ions .  teaching them t o  
handle l izards and harm less snakes without fear. I n  
1 973. he  took part i n  a n  exped it ion t o  the Galapagos 
Is lands to study the behaviour of giant tortoises. In the 
early 1 970s, he was instru mental .  (with others ) in  
establ ish ing the Crocodile Specialist G ro u p  of the  
I nternational Un ion for the Conservation of Nature 
and N atural Resources on which he served for some 
years. 

He remained act ive in  ret i rement. In 1 985 .  he was an 
i nvited speaker at a major I nternational Crocodile 
Conference in  Darwin,  Australia hosted by the 
Conservat ion Commission of the Northern Territory. 
Despi te  h is advancing years. he was interested in every 
adventure :  I have fond memories of hel icopter surveys 
of crocodile populat ions with A ngus Bellairs, peering 
out  of the  doorless he l i copter at the  rept i l es beneath .  
and of treks i n  tropical swamps with Angus up  to h is  
waist in  mud.  H e  establ ished a l asting friendship wi th  
Dr  G rahame Webb,  an A ustral ian Herpetologist 
w hose n ovel-wri t ing ability he much envied. It was 
always A ngus' post  r�t irement ambit ion to write a 
really good novel :  a herpetological thr i l l er. H e  
achieved this ambit ion i n  1 989. when his novel 'The 
Is le  of Sea L izards' was publ ished and launched at The 
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First World C ngress of Herpeto logy held a t  the 
n ivc rs i ty of Kent  ( l l t h- l 9t h  September 1 989).  he 

persona l l y  igned all of t he copies. Tho. c who read t h e  
novel w i l l  rec gnise i t  a an un usual  m i x t ur e  of rep t i le 
b io logy a n d  u n i  er i t �' pol i t ics. t wo subjects wh ich  
fasc inated ngus Bel l a i rs .  I n deed. some c ! leagues 
ma�' even recogn ise t hemselves ( o r  ot hers) u nder a 
part i cu lar  pseudonym ' The F i rst Worl I ongress of  
H erpetology was a lso a h ighl ight  for A ngu.  a h e  was 
t he H onorary Pres ident  of  the  l a rgest gather ing of 
rept i l e  ex 1 erts ever assembled from aro u n d  the world .  

A ngu Be l la i r. au t hored about 80 c ien t i fi c  
publ icat ions.  most ly  on rept i les .  t ho u gh he a l . o  
s tud ied b i rds and mammals.  Many of the pub l ica t ion. 
were concerned with the s t ru ct u re ;-i nd development  of 
t he s k u l l  and its associated orga ns .  H is s t u d ies on 
cra n i a l  m orphology a re s u m marised and embodied i n  
a subst a n t ia l  monograph in  t he i m portant  series. 
' Bio logy oft he Re pt i l ia · .  in  1 98 l .  I- l e s tud ied rept i l i an  
t eratology and d iscovered cleft pa la te  i n  sna kes and  
cyclopia  i n  t u rt l es. I-le a l so  st udied regenera t ion  of the  
ta i l  i n  l i z a rds. in  co l l a borat ion  wi th  Susan V. B ryant .  a 
former graduate  s tudent .  now a Professor in t h e  
U n i vers i t y  of C a l i forn i a .  A nother  former gradua te  
s tudent  i s  Professor Paul  M aderson of B rooklyn 
Co l lege . New York . renowned for h i s  stu d i es on the  
rept i l i a n  s k i n .  

A l t hough A ngus e n joyed scien t i fic col laborat ion 
with h i s  friends. he  l iked t o  t h i n k  of h imse lf  as 
someth ing of a l oner. p u rs u i n g  a l i t t l e  known s u bject in 
h is own way and relat ively i n dependent of the  vagar ies 
of biological fashion a n d  of grant awards . Indeed, he 
often referred to hi mself as a 'scien t ific ant ique 
col lector' . He  prepared nearly all of his own material :  
typed his own papers, i l lustrated them with h is own 
drawi ngs. He l iked writ ing and authored three books. 
two of which ('The L ife of Reptiles, Volumes 1 and 2', 
Weidenfeld .  1 969 and ' Repti les'  (with J. Att ridge), 
Hutchinson's Un iversity L ibrary 1 975) have been 
translated into numerous foreign languages. In these 
books.  he tried to provide a synthes is of the various 
ki nds of knowledge avai lable about rept i l es ,  from 
p hys iology to behaviour and he l iked to paraphrase 
Terence in saying 'No t h i ng rept i l ian is al ien to me'.  

Angus Bel la irs had numerous other i nterests, 
inc luding all natural hi story,  especial ly of the domestic 
cat which he felt  showed an admirable combination of 
friendl iness and independence, antique co l lecting. 
mi l i tary h istory and modern fict ion.  

Angus Bel la irs'  deat h .i s  a serious l oss t o  the 
in ternat ional  rept i le  commun'i "ty .  I t  marks the  pass ing 
of a friendly,  gent le .  man who was always 
knowledgeable on some aspect of repti l ian biology, no 
matter how idiosyncratic and who was always 
delighted to ta lk about rept i les and t heir biology in h is 
un ique, happy sty le .  Angus Bel la irs always reminded 
me of the archetypal B ri t i sh Professor: in tel l igent ,  wel l  
read. fascinating raconteur. m i ldly eccentric, extremely 
embroiled in h is own subject , and always happy to  help 
and encourage others. 

He is survived by his wife ,  R u t h  and the ir  daughter 
Vivien, to whom we extend our deepest sympath ies.  

Professor Mark W .  J .  Ferguson 
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E R RATUM: Corrected Table 1 from Bullock, D. J .  and Jury, H .  M.,  V<?I. 1, No. 1 1, pages 532-534. 

Pitfall Sto1iiarh 

Volume Volume Number 

Prey type % x % x % 

A nnel ida 
Ol igochaeta 0.0 1 34.9 9.6 4.(i 24. 9 

Arthropoda 
A raneae 1 . 0  24. 8 I .  8 0.2 0.9 

Opi l iones 4 1 . 1  0.0 0.0 0.0 0.0 

lsopoda 0.0 I . 1 0. 1 0 .7  3 .6 

D i plopoda 0.4 8.0 0.6 0. 1 0 .3  

C h ilopoda I .  2 0.0 0.0 0.0 0.0 

Collembola 0. 1 0.0 0.0 0.0 0.0 

Dermaptera 4.0 2 1 . 1 1 . 5 1 . 3  7 . 2  

Dictyoptera 22.0 0.0 0.0 0.0 0.0 

Ort hoptera 1 8 .3  1 5 . 5  I .  I 0.2 0.9 

Psocoptera · t r  0.0 0.0 0.0 0.0 

Hem iptera (nymph) 0. 1 0.0 0.0 0.0 0.0 

Thysanoptera 0. 1 0.0 0.0 0.0 0 .0 

Lepidoptera 0.0 30. 7 2. 1 0.4 2.4 
D i  pt era 2.0 0. 1 t r  0. 1 0. 3 

Hymenoptera (Ants) 1 . 7  2 .2 0.2 0 .7  3 . 6  

(Others) 0.0 4.9 0.3 0.6 3.0 

Coleoptera (Adults) 7.4 526.2 37. 5 3. 1 1 6. 8  

(Larvae) 0.0 1 5. 9  I .  1 1 .4 7 . 8  

Mol lusca 
G astropoda 0.0 3. 1 0. 2 0 .8  4 .5  

Rept i l ia  
A no/is oculatus 555.6 39.6 0. 1 0 .3  

Others 0.5  5. 1 0.4 0. 5 2 . 7  

Seed and Vegetat ion 53.9 3 .8  3 .8  20. 7 

TA B L E  1 :  Summary of the  stomach contents  of Ameiva fuscata. Volumes measured i n  mm3 •  'Ot hers' includes empty 
Gastro poda shells,  Myrmeleont idae, A cari and u nident i fied i te ms.  
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I I .  25 offprints are provided free of charge. Further 
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1 2 . All submissions are liable to assessment by an 
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