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A BSTRACT 

The a im of this study was to describe and compare shel l  structure of parchment-she l led and rigid-shel led eggs of 
gekkonid l izards. Scanning electron microscopy was used t o  describe eggshe l l s  of two,species of geck o  of t h e  
Eublepharinae a n d  four species of Gekkoninae. Eggshell from a la  cert id  l izard was a l s o  described . T h e  cryst a l l ine 
nature of calcium carbonate deposits on eggshells was studied; an aragonit ic  chelonian eggshe l l  was used as a 
control. Eublepharine eggshells consist mainly of a fibrous membrane with an external layer of calcit e. They 
resembled lacertid and other lizard she l ls described previously.  G e kk onine eggshe l ls have th in ,  fibrous shel l  
membranes overlain by a relatively t h ick layer o f  calc i te  and resemble other  hard-shel led geck o eggs reported 
elsewhere. A l ayer of fibres in a matrix coats t h e  external surface of the calcit e layer of gekkonine shel ls .  S h e l l  
structure i s  considered important in det erm in ing water loss from gecko eggs, nest l ocal ion  and em bryonic 
development. A more detailed examina t ion of the reproductive biology of gek k onid eggs could help i n  assess i ng t h e  
role o f  t h e  shell in repti l ian development.  

I NTRODUCTION 

In recent years interest in the structure of rept i l ian 
eggshel ls has increased for two reasons. Firs t ,  t h e  shei l 
has been used as a taxonomic character ( B ustard,  
1 968) that may also shed some light on t he  
evolutionary relationships between rept iles and birds 
(Erben, 1 970; Packard and Packard, 1 980).  S econd ,  
studies on gas exchange of reptil ian eggs h ave l e d  t o  
research into t h e  role of t h e  shel l  during incubation 
(Packard, Taigen, Packard and S h u m a n ,  1 979; 
Packard, Packard and Boardman,  I 982a; Packard, 
B urns, H irsch and Packard, l 982b ) .  

Oviparous l izards and snakes (Squamata)  typically 
lay soft ,  parchment-shelled eggs ( Hal liday and Adler, 
1 986). Gekkonid lizards are exceptional in this respect; 
lizards in two sub-families of t he Gekkonidae 
(Gekkoninae and Sphaerodacty linae) lay rigid-shelled 
eggs ( Bustard, 1 968), whereas in  t he o ther sub-families 
(Eublepharinae and Diplodacty l inae) soft-shelled eggs 
are l ai d  ( K luge, 1 967; Bustard, 1 968 ;  Werner, 1 972).  
Publ ished descriptions of eggshell  struct ures have been 
l imited to the Gekkoninae. L ight microscopy was used 
to s tudy Lepidodactylus lugubris eggshells (Schmidt,  
1 943) and scanning electron m icroscopy was used to 
examine the shell structure of Tarento/a mauritanica 
(Krampitz, Erben and Kriesten, 1 972; Erben and 
N ewesley, 1 972) and Hemidactylus turcicus (Packard, 
et al., 1 982a). This study was therefore undertaken to 
provide information on the eggshell struct ure of 
representatives of two sub-families of gekkonid 
l izards, t he previously unstudied Eublepharinae with 
soft shell s  and the Gekkoninae with hard shel ls .  I t was 

hoped tha t  t h i s  would provide  inform at ion on t he 
funct ional and t axonomic s ignificance of she l l  
struct u re in  t h e  Gek konidae.  

M ATER I A LS A N D  M ETHODS 

Eggshel ls  from six species of geck o were examined. 
For comparison, a single representat ive of the fam ily 
Lacertidae and a single species of the Test udinidae 
were a lso s tu died.  The detai ls  of the  sources of t hese 
eggs, t h e  species represented and the nu mber of 
specimens avai lable are shown in Table I .  

T.he part icu lar crysta l  morph of any CaC0 3 present 
i n  the shell was ident ified by us ing M eigen 's reaction 
( Deer, H owie and Zussman,  1 966).  This involves 
boiling shell fragments for two minutes in 0 .5  mole. J - 1  
coba l t  ni trate (Co(N03)2) .  I n  t h is reagent a ragonite 
s ta ins a pink-purple colour wh ereas ca lci te remains 
colourless. 

Eggshe l l  structure was s tudied by immersing 
fragments in  l i qu id  ni trogen for a few seconds so tha t  
they could  easi ly be  fractured. Two pieces of each she l l  
were mounted on brass st u bs us ing  a conduct ive si lver 
paint  and were sputter-coated in vacuo with gold 
( Edwards S 1 SOB).  The she l ls were then examined using 
a JEOL T300 scanning electron microscope at an 
operat ing voltage of 25 or 30 k i lovolt s .  The effect of 
acid t reatment to remove any calc ium carbonate was 
assessed by etching fragments of Eublepharis and 
Chondrodact ylus sheff 

In  I mole.J - 1  hydrochloric acid for 
th i rty seconds prior to examinat ion.  



Fami ly  S u b-fa m i l y  S pecies 

Gek k on idae 
E u blephar i nae 

N 

Eublepharis macularius 1 2  

Hemi1heconyx caudicinc1us 8 

Gekkon inae  

ChondrodaC1y/us angulifer 6 

Gehyra mutilarn 

G E K K O N I D  EGGS H E L L  STR U CTUR E  

E m bryo 

H at ched 

H at ched 

H at ched 

Dead 

S o urce of eggs 

The Zoologica l S ociety of London,  Eng land .  

The Zoologica l  S ociety of  London,  England .  

The Zoologi ca l  Soc ie ty  of London,  Eng land .  

The Jersey W i l d l i fe Preserva t ion Trust ,  Channe l  I s la nds, U . K . 

23 1 

Phe/suma agalegae ? B ri t i s h  M u seum ( N a t u r a l  H ist ory) ,  L ondon .  ( S peci men N u m ber B M N H  

1 97 5 .  1 1 65) .  

Phe/suma gue111heri Dead The Jersey W i l d li fe Preserva t i on Trus t ,  Cha nne l  I s l a nds,  U . K .  

Lacer t idae 
Lacerta lepida 4 H a t ch ed The Zoologica l Society of London,  Eng land .  

Chelonia 
Teswd in idae 

Geoche/one radia1a T n fert . The J ersey W i l d l i fe Preserva t ion  Trust , C h a n ne l  I s l an ds,  U .K . 

N = N u m ber of speci mens;  H a t ched = E m bryo h a t c hed s uccessfu l l y ;  Dead = E m bryo dead i n  s h e l l  a t  l a t e  s tage of incuba t ion ;  
1 nfert . = I n fert i le egg. 

TA B L E  I :  Deta i l s  of t h e  n u m bers and  sou rces of l izard and  tortoise  eggs he l l s  used for s tructura l  examina t ion .  

R ES U LTS 

S t a i n i n g  eggs he! Is w i t h  cobal t  n i t ra t e  s howed t hat  a I I  
t he s h e l l s  i n  t h e  s t u dy were ca l c i t i c  exce pt t ha t  of t he 
t o rt oise,  Geoche/one radiGTa, which  was aragon i t i c  
t h u s  serv ing a s  a con t ro l  for t h e  me thod .  

The s tructure of eggshe l l s  from eu b l ephar ine geck os 
(Eublepharis macularius and Hemitheconyx caudi­
cinatus) were s im i l a r  a n d  resemb led  t h a t  of Lacena 
lepida. The b u l k  of t he s h e l l  (90 per cent  of t h e  t o t a l  
t h i ck ness) cons is ts  o f  fi bres ( P l a t e s  J a  a n d  I b) w i t h  a 
t h i n  layer o f  calci te ,  l ess t ha n  I Oµm t h i c k ,  on t he shel l ' s  
o u t er su rface. The external  appearance of the ca l c i u m  
carbonate d i ffers among t h e  t hree species ;  t h e  ca lc i te  i s  
nodu lar  i n  Eub!epharis a n d  Lacer t a  s h e l l s  ( Pl a t e  I a and  
I b)  w here as p l aques of  ca l c i t e  a re seen  on 
Hemitheconyx eggshe l l s  (P la te  1 c) .  H yd roch lor i c  ac id  

l a  

removed t h e  m i n e ra l ised l ayer  from t he sur face of 
Eubfepharis she l l s  exposing t he u pper s ur face of t he 
fi brous  l ayer ( P l a t e  l d ) .  

l b  

J c  
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l d  

P l a t e  I .  Scanning e lec t ron m icrographs of  eggs he l l s  from 
geckos o f t  he  E u blephar inae .  a ge c k o  of  t h e  G e k k on inae  a n d  
a l izard o f t  he  Lacen idae .  ( a )  Eublepharis m ac11/arius. S u rface 
of a rad ia l  fra c1 u re showing t h e  fi brous membrane (SM ) 
wh ich forms 1 he bu l k  of t h e  she l l .  The o u 1 e r  she l l su rface is 
covered by a t h i n  layer of ca lcite ( C L ) .  ( b) Lacena lepida. 
Surface of a rad ia l  fract u re showing  t he fi brous s h e l l  
membrane (SM) and 1 he t h in l a y e r  of ca lc i l e ( C L )  cover i n g  
the  ou ter she l l  su rface. ( c )  /-lemi!l1econyx caudicina1us. O u t e r  
she l l  s u r face shwoing ca lc i te  depos i t s .  (d )  Eublepharis 
macu/arius. Outer  she l l  s urface a fte r  e lch ing  i n  I mole . 1 · t  
hydroch l o r i c  aci d for 3 0  seconds.  The fibres o f  the  s h e l l  
mem brane are  exposed. (e )  Chondrodac1ylus anguli(er. 
R a d i a l  frac t u re of  t h e  eggsh e l l  s howing t he fibrous she l l  
m em brane ( S M )  w h i c h  i s  d etached from the  ca lc i t e  l ayer  
(CL) .  The a rrows ind icate h ol es i n  the  t o p  o f t  h e  ca lc i t e  layer .  
There is an external  cover ing of fi bres i n  a sphe r u l i t i c  m a t r i x  
( S F L ). S c a l e  bars = SOµm .  

The eggshe l l  s truct ure of t  he  four g e k  kon i n e  l izards,  
ChondrodaC1y!us angulifer, Phelsuma agalegae, 
P. guentheri and Cehyra mu1ila1a are s hown tn 
P la tes l e  and 2 .  Each she l l  cons is ts  of a fi brous s h e l l  
membrane ( 1 0  p e r  cent o f  tota l  she l l  t h ick ness) covered 
by a n  outer,  cont i n uous layer of  ca lc i te .  A l ayer of 
fi bres in  an un ident ified matrix i s  found  ex t ern a l  to  t h e  
ca l c i t e  l ayer. The con t i nu i ty  of t h e  ca lc i te  l ayer o f  
Chondrodactyfus angu/1fer s h e l l s  i s  broken b y  series of  
ho les near  the  ex ternal  su rface of  t he s h e l l  ( P l at e  l e) .  
The external surface of Chondrodacty/us eggshe l l  is 
covered by n u merous fi bres e m bedded in  a m atr ix  
( P la te  2a) .  E tch ing  t h e  she l l  wi t h hydroch loric ac id  
s imply removed a superfic ia l  layer  of the  mat r ix 
exposing t he su rface of the fibres ( P la t e  2 b) .  The 
surface l ayer of Phelsuma agalegae she l l  consis ts  
l a rgely of t he matr ix  (P la te  2c) .  F i bres appear t o  be 

m ore n u merous in  Phelsuma guentheri shel ls  and can 
be seen pro t u d i n g  from the su rface layer  in  Plate 2d.  
The surface layer of  Cehyra mu1ilata shel l  is not 
i l l us tra ted but  i t  has  few fi bres and consists  ma in ly  of  
matr i x .  The ca lc i t e  l ayer  of Gehyra has  nu merous 
crystals  covering its int ernal  su rface ( P la te  2f) .  

2a 

2c 

2d 
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2e 

2f 

P l a t e  2 .  Scann ing  e lect ron micrographs  of gek k o n i n e  
eggshe l l s .  ( a )  Chondrodaoylus angulifer . T h e  su rface o f  a 
s h e l l  sh owing fi bres em bedded i n  a m a t r i x .  ( b) Chondro­
dactylus ongulifer. Outer  she l l  su rface after e tch ing  i n  1 mole . 1 - 1 

hydroch lor ic  ac id for 30 seconds .  (c) Phelsuma aga!egoe. 
R a d ia l  s h e l l  fra ct u re showing t h e  u pper s u rface of t h e  s h e l l  
m e m brane  (S M ) . T h i s  i s  covered by a l ayer  o f  ca lc i t e  ( C L )  
wh ich  is covered i n  t u rn  by a s u r face fi brous  l a y e r  ( S F L ) . (d )  
Phe!suma gue111heri. R a  d ia l  eggshel l frac t u re s h owi n g  the  
fi brous s h e l l  membrane (S M )  benea t h  t h e  ca lc i t e  l ayer  (CL) .  
The  ar rows show t he fi bres t h a t  prot rude  from t h e  s u rface 
fi brous layer  ( S F L ) . ( e )  Cehyro muti/010. R a d i a l  fra cture of 
t he s h e l l  showing t h e  external  su rface of  t he s h e l l  membrane 
( S M ) .  The su rface fi brous layer was lost  i n  t h is prepara t i o n  
e x p o s i n g  t he u p p e r  su rface of  t h e  ca l c i t e  l ayer  ( C L )  wh ich i s  
covered w i t h s m a l l  sp heres ( arrowed ) .  ( f) Cehyro mutiloto. A 
r a d i a l  s h e l l  fra c t u re showing  t h e  u nder  su rface of t he ca lc i t e  
l ayer  ( C L ) .  N u merous cryst a l s  can  be seen ( a r rowed) on t h e  
u nder  s u rface of  t h e  ca lc i t e  layer .  Sca le  bars = SOµm. 

D I SCU S S I O N  

The presence of t w o  types of  eggs h e l l  in  o n e  
squamate  fam i ly i s  u n ique .  The  parchment- l i k e  
eggshe l l s  of  Eublepharis a n d  Hemitheconyx consist  of  a 
fi brous she l l  membrane w i th  an ou ter  coveri n g  of  
ca l c i t e .  Th i s  s tudy confirms t h e  s i m i l a r i t ies i n  t he 
s t ru cture  of she l l s  of eublephar ine  geck os, lacert i d  
eggshe l l s  (present study) ,  several iguan id  eggshe l l s  
(Ano/is sagrei, A. limifrons, A.  carolinensis, Ca!Iisaurus 
draconoides, Dipsosaurus dorsa!is and  Iguana iguana; 
K ries ten ,  1 97S ;  Sexton,  Ve i th  and P h i l l i ps ,  1 979 ;  
Packard and Packard ,  1 980; Packard et al. , I 982a ;  
Packard et al. , I 982b ),  and te i id  l izards ( Cnemidophorus 
sexlineatus; Tra u t h  and Fagerberg, 1 984)  as t h ese 
she l l s  are a lso fibrous membranes over la id  by a t h i n  

layer o f  calc i te .  Parchment-she l l ed  eggs on ly  occur in 
about  a quarter of t h e  t ot a l  n u m ber of genera of geckos 
( K l uge, I 967;  B ustard,  1 968)  and contrary t o  t h e  
i mpress ion given b y  s o m e  reports (Packard e t  al. , 
1 982b) calcareous ,  r ig id-shel l ed eggs predominate  
wi th in  the  G e k kon idae.  

The  struc tu res for gek k o n i n e  eggshe l l s  reported in 
t h e  present s tudy (Sch m i d t ,  1 94 3 ;  K ra mp i t z  et al. , 
1 972 ;  Packard et al. , I 982a)  are s i m i l ar t o  t h ose 
reported prev ious ly .  The  gek kon ine  she l l  membrane 
forms a t h i n  fibrous layer ou t s ide  which t he ca lc i te  
l ayer forms t he bulk  of the she l l  mak ing i t  com para ble 
to the pal isade l ayer of t h e  av ian s h e l l  ( Erben and 
N ewesl ey ,  1 972 ;  K ramp i t z  el al. , I 972) .  The surface 
fi brous layer i s  un ique  to gek k on ine  eggshe l l s  ( Packard 
e1 al. , I 982a;  present  s t u dy) .  The appearance of t he 
ou ter  surface of Chondrodactylus eggs was found t o  be 
a l m ost ident ica l  to t ha t  reported for Hemidac1ylus 
( Pack ard et al. , l 982a) .  S i mi la r  l ayers of fi bres i n  a 
matr i x  were found  for a l l  of t h e  ot her species i n  t h e  
present s t u d y  t ho ugh t h e  n u m bers of fi bres was 
var i ab le .  The role of t h is  fi brous l ayer i s  not clear.  
O t her  reports of depos i t s  on rept i l i a n  shel ls are l i mi t ed 
t o  a s ingle  descr ip t i on of a t h i n  amorphous l ayer on 
Chelonia mydas eggsh e l ls ( B a ird and Solomon, 1 979) .  
I n  cont rast , t h i n ,  a morphous c u t i cu lar  coveri ngs a re 
common on av ian  eggshel ls (Tu l le t t ,  1 984) .  

Poorly ca lc ified eggshe l l s  a re genera l l y  t hought to be 
h igh ly  permeable. S q uamate  eggshe l ls ,  i nc lud ing 
Eublepharis, have water vapour conductance val ues 
1 00 t imes h igher than  equ iva lent  av ian eggs 
( A c k erman,  D m i ' e l  and  A r, 1 98S) .  P l i ab le-she l led 
Chelydra eggs had she l l s  1 ha t  were SS t im es more 
permeable  t h a n  av ian eggs of comparable  s ize whereas 
r ig id-shel l ed t ur t l e  ( Trionyx) and A lliga1or eggs have 
s h e l ls five t imes more permea b le  ( Packard e/ al. , 1 979). 
J n  cont ras t ,  r ig id-s h e l l ed eggs o f  sphaerodacty l ine  
geckos have ra t es of  water  loss ha l f  t hat  of pred icted 
ra t es ( Dunson,  1 982) .  

R ept i l i an  nest  s i t es are usua l ly charact erised by t heir  
h ig h  humid i ty  and are oft en found i n  so i l  or compost 
( Pack ard and Packard ,  1 980) .  G e k k on ine  nest  s i t es are 
unusua l  i n  tha t  t h e  eggs are s t uck t o  wal l s  and crevices 
( A rnold and B u rt on ,  1 978)  and are ex posed to low 
h um id i t i es dur ing i ncubat ion .  W a ter ret ent ion by t h e  
e g g  w o u l d  be advantageous i n  s u c h  cond i t i ons and 
calcareous gecko eggs a pp ear to have develo ped 
re la t ive ly  i mpermea ble  she l l s .  Th i s  may be associated 
w i th  t h e  externa l  fibrous layer wh ich  may act in a 
s i m i l ar way t o  t he av ian  cut ic l e  w h ich redu ces water 
l oss from t h e  egg ( C h ri s t ensen and Bagley,  1 984; 
Peebles and Brake ,  1 986 ;  Deem ing,  1 987) .  

The r ig id-she l l ed  gecko eggs are an i n t eres t i ng 
d evelopment i n  vertebrate eggshe l l  s t ru ct u re.  The 
eggs h e l l  can be used as a good t axonomic  character for 
c lass ify ing  d i fferen t  types of gek k on id  l iza rds 
( Bus tard,  1 968) .  The  same is not t ru e  of che lonid 
eggshe l l s  as s t ru cture can vary w i t h i n  the c lass and 
part i cu lar fam i l i es ( Ewert , 1 979) .  The importance of 
t h e  eggs h e l l  in gecko b i ology extends wel l  beyond i t s  
t axonomic  use.  The  s i m i l a r i t i es and differences 
between t h e  r igid eggshe l l s  of che lonians,  crocod i l i ans, 
g e k k o n i d  l izards, d inosaurs and b i rds ( Erben, 1 970; 



234 D.  C. DEEM I N G  

Erben a n d  N ewesley, 1 972) may be important in 
determining the pat terns of eggshel l  evolut ion. Further 
investigat ions may allow us to test the  significance of 
the use of shell  structure in evolut ionary analyses of t he 
major groups of repti l es ( Packard and Packard, I 980). 

The ex istence of t wo shell types in a group of  closely 
related lizards provides a usefu l opportunity to 
investigate the functional s ign ificance of t he eggshe l l .  
A detailed comparative s tudy of t h e  reproduct ive 
biology of eublepharine or d ip lodactyline and 
gekkonine or shaerodactyline geckos cou l d  provide 
informat ion that would a l low the relat ionships 
between eggshell  st ruct ure and various aspects of 

incubation of the egg to be understood.  In particular ,  
init ia l  egg compos i t ion has been shown to be related to 
the degree of calcification of the  eggshel l  (Tracy and 
Snel l ,  1 985)  and it could be predicted tha t  rigid-shelled 
eggs have a higher initial water content .  N est locat ion 
and incubation condit ions wil l  differ according to shel l 
permeability and shel l  structure may h ave some 
influence on the development of the embryo. A study 
of gas exchange across rigid and soft shel ls  cou ld 
provide useful informat ion concerning the  role of shel l  
permeability in  the physiology of t he em bryo . 
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