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A BSTRACT 

The res idues p resent i n  h atched eggshe l ls of cap t ive-bred squamates were examined and the i r  amou nts recorded . 
L a rge amo u n ts ofa  semi-ge lat inous nu id  were typica l ly  left i n  t h e  eggshe l l  at hatch ing. The amount  of resid ues. bu t  
not h atchl ing size, depended u pon the  u ptake of  water  by the eggd ur ing i ncubat ion .  1 n some i nstances egg yolk was 
a lso left in t h e  eggshe l l  at ha tch ing. The role of these residues in t h e  water re lat ions of rept i l e  eggs have largely been 
ignored. 

I NTRO DUCTION 

Water is absorbed by soft-shel led eggs ofsqu amates 
and tur t les dur i ng incubat ion (Packard and Packard,  
1 98 8 )  but  its fate i n  the egg is  u nclear .  In  some 
squamate eggs a lbumen mass has been reported to  
i nc rease dur ing  embryon ic  developmen t  (C lark, 1 953; 
Badham, 1 97 1 )  from i n i tia l l y  low levels at ovipos i t ion 
(Tracy and S n el l ,  1 985) .  The albumen i n  the eggs of  
A mphibo/orus barbatus barbatus oozed out  d u ring the  
hatch ing process ( Badh am, 1 97 1 ) . Considering that  
egg mass a lmost treb led du r ing incubat ion, and that  
h a tchl i ng mass was 1 5  per cent t h a n  i n i t i a l  egg mass. i t  
i s  c lear t h a t  there was considerable loss of a lbumen 
( Bad h am, 1 97 1  ). By contrast, Subbo Rao ( 1 98 7 )  
reported t h a t  i t  was a l l antoic nuid  that  oozed from 
eggs of the crocodi l ian  Gavia/is gangl'ticus at the  end of  
i ncubat ion .  The amount  of a lbumen i n  c rocodi l ian  and  
av ian  eggs i s  i n i t i a l ly h igh, d imin ishes dur ing  
i ncubat ion and  i s  absent a t  ha tch ing  ( Webb, M a n ol is. 
Whi tehead a n d  Dempsey, 1 987; M a no l is, Webb and 
Dempsey, 1 98 7 ;  R omanoff. 1 967) .  

R e ports of  nu id' loss at hatching are rare ( B ustard.  
1 966;  Badham, 1 97 1 ;  Subbo R ao, 1 987 ;  D.  B a l l .  
personal commun icat ion;  Deeming a nd Ferguson .  
1 989)  desp i te  in tensive stu dies o f  t h e  water  re l a t ions o f  
rept i le eggs ( M .  J .  Packard,  Packard a n d  B oa rdma n .  
1 980 ;  G .  C.  Packard. Taigen ,  Packard a n d  Boardma n .  
1 980 ;  G .  C .  Packard, Packard.  Boardman, M orris a n d  
S h uman .  1 98 3 ;  G .  C .  Packard,  Packard a n d  G utzke, 
1 985; Packard and Packard,  1 984; M orris, Packard,  
B o a rdman,  Paukstis a n d  Packard. 1 98 3 ;  Ackerman ,  
D mi'el a n d  Ar, 1 98 5; G u t zke a n d  Packard, 1 986, 1 98 7 ;  
Thompson ,  1 987).  Obviously t here is some confusion 
over the or ig in of  t h is nu i d  but  more important ly  t h e  
quant i t ies of Ouid lost a r e  u nknow n .  This study 
e x amined the residues in  the  hatched eggshe l ls from a 
species of l i zard and fou r  species of snake b red i n  
captivity.  

M AT E R I ALS A N D  M ETHODS 

Deta i ls of t h e  eggs used i n  t h is study a rc shown i n  
Table I .  A l l  of the  eggs were kept in sea led polyethy lene 
bags conta in ing  vermicu l i t e  and water (I: I) as an  
i ncubat ion med i um. At  t he Zoologica l Societ y of 
London the  bags were k ept  i n  a room ma in ta ined 
between 26°C to 2R0C. At  both the U n iversi ty of 
Read ing, and the U n iversity of  Manchester. the bags 
were kept i n  a table  top box oven ( Laboratory Thermal 
L imited, Oldham England)  mainta ined at 27°C. The 
bags were opened once or twice a week to replenish the 
a i r  wi th in  the bag. 

The stud ies were carried out dur ing t h ree seasons 
( 1 9 86.  1 987  and  1 98 8 ) .  In t h e  first season eggs from 
Eublepharis a nd E/aphe o. spi!oides were i ncubated at 
Reading. A fter  the hatch l ings had emerged the mass of 
the eggshe l l  and the  res idues in  the shel l  were 
determined to the  nearest l Omg. Eggs of the other 
speci es (Hvdrod1·11astes. Pituophis and P_1·1hon) were 
i ncubated at the  Zoological  Society of L ondon a n d  
were col lected after hatching.  O n  retu rn  t o  Reading the  
res idues and t h e  eggsh el l  were weighed. 

I n  the second season five freshly- la id  eggs of 
Eublepharis were col lected from London and incubated 
at Reading .  In 1 988 freshly- la id  eggs of E/aphe o. 
obseleta were col lected from t h e  M anch ester M useum 
and incubated at  t h e  department  of Cel l  and  S t ru ctural 
B i o l ogy. Each egg was weighed to the  nearest 
mi l l igram at t h e  start of incu bat ion and  every seven 
days t hereafter  upto 35 days of incu bat ion when the 
mass of  each egg was determ ined every t h ree or  fou r  
days. The mass o f  the hatc h l i ng was determined after 
emergence from the she l l .  A n y  residues were removed 
from the  eggshe l l  which was weighed. 
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Species 

Liza rds 
G e k k o nidae 

£11hll'pharis 111ac11/ari11s 

Snakes  
Co l ub ridae 

Elaphc obsoli'la spi/oidc.1 

£/aphe obsoli'!a obso/c1a 

!-hdrodrnas1c.1 giga.1 

Piruophis 111c/a110/c11c11s 

Pyt hon idae 
P_1·1hon 1110/ums 

N o .  Origi n 

10 The Zoological Societv of London 

3 M s  G .  Rohan-Wi ld  

2 The M anchester M useum 

3 The Zoological Society of London 

5 The Zoological Societ y of London 

3 The Zoological Societv of London 

TABLE I :  Deta i ls  of t h e  n u mber a nd sources o f  squamate rep t i l e  eggs exa m i n ed. 

S pecies 

E11blcpharis 111arnlari11s 

£/aphe ob.10/eta spi/oides 

/-frdrodrna.11es gigas 

Pinrophis 111ela110/e11c11s 

P1·1ho11 1110/urus 

Egg N u mber 

Al 
A2 
BI 
82 
C l  

Al 
A2 
A3 

A2 
A3 
A4 

Al 
A2 
A3 
A4 
AS 

Al 
A2 
A3 

Shel l  

0.28 
0.34 
0.23 
0.33 
0.32 

1.97 
1.76 
1.92 

2.95 
2.71 
3.16 
3.34 
3.45 

10.09 
11.28 
19.91 

Flu ids 

I.QI 

I. 18 
0.48 
0.50 
0.38 

4.44 
1.16 
2.68 

3.49 
3.99 
1.25 

1.75 
1.69 
3.12 
0.58 
1.62 

26.54 
46.17 
43.98 

Y o l k  

2.63 

15.14 
10.94 
13.57 

15.97 

25.25 
0.67 
0.77 

:j: 
* 

* 

* 
* 
* 

TABLE 2: The mass (gra ms) of t h e  she l l .  res i d u a l  flu ids  a n d  res idua l  v o l k  a fter  t h e  hatch  l i n g  rept i l e  has emerged from t h e  egg. 

" = Eggs i ncubated in Readi ng; o t h e r  eggs i nc u bated at  t he Zoological  Societv of London .  

R ESULTS 

In the fi rst season .  ne i ther the i n i t ia l  egg mass nor  
hatchl ing  mass were ava i lab le .  The fresh mass  of the 
hatched eggshel l  and the res idues are show n  in Table 2 .  
Varying a m ounts of a semi-gelat i nous flu id  were found 
in  eggshells of  a l l  the  species e x a m i ned. No deta i ls of  
poss ib le  leakage from the egg pr ior  to col lect ion were 
k nown . There were substant ial amounts  o f  yolk 
rema i n ing in several snake eggs (Table 2 ) . 

Dat a  col lected fro m  the Eublepharis eggs studied i n  
the  second season a re shown i n  F i g .  1 and  T a b l e  3.  The 
eggs i ncreased i n  mass  throug h out incubat ion th ough 
after  day 35 there was a n  increase i n  the  rate  o f  water  

u ptake. F ina l  egg m ass, recorded pr ior  to hatch ing. 
was a l m ost  tw ice that recorded a t  the start  of  
i ncubation ( Fig .  1 ) .  A fter  hatching ( day 55)  the average 
mass of the eggshel l was 0 . 23g. As data was 
u nava i l able from oviposited eggs, i ni t ia l  eggshell mass 
was assumed to be the same as at the end of  i ncubation .  
The to ta l  mass of the residues i n  t h e  eggs was 
determined by d i fference (Table 3 ) .  Hatchl i ng mass did 
not d i ffer s ign ificant ly  from the i n i t i a l  calcu lated egg 
contents  ( t  = - 1 .70 ,  p>0.05, two sample s tudent's 
t test ) .  

Eggs of Elaphe o .  obseleta l ikewise i ncreased 
cont i n uous ly  throughout  i ncubat ion; the fi rst egg 
doubled in mass ( a fter  57 d a ys of i ncubat ion )  
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E11h/cp!taris Elap!te Ua1ihc 

Variabit' x '.'\.l'. I 2 

I n i t i a l  egg m ass.  3.198 0 .164 15 .95 15 .56 
Fina l  egg mass. 5 . 805 0 .275 :n.72 23.51 
S h e l l  mass. 0.2.\0 0 . 0 1 6  ? " - . J _'I 1.29 
H at c h l i ng m ass.  2. 849 0.06 1 11.66 12.77 

Res i d u a l  mass at hatch .  2 .725 0 . 249 19.73 9 . 7 6  
Init ia l  egg contents .  2.968 0 . 1 5 7 1 :1.62 14.27 

TAB L E  3: Data from f ive Euhlepharis eggs a n d  two eggs of E/ap!tc ohsclc•ta ohsrlcta at t h e  begi n n i n g  and end of i nc ubat ion. 
Values for Eublcp!taris a re means (X) i n gra m s  and stand:1rd errors (s. e . ) . Values for Elaphr arc !"or t h e  two i n d i v i d ual  eggs. 

6·0 

5 ·O l yl 

D I SCUS S I O N  

M uch res idua l  materia l  w a s  p resent i n  the  eggshel l s  
exa mined in  the  present s tudy .  Compa rison of t he 
res idues fou n d  i n  eggs of Eublep/wris in I 986. wi th  
those i n  1 987 .  h igh l ighted a major problem i n  
exper i mental  tech n ique .  I n  I 9 8 6  neither the  mass of t h e  
eggs prior to ha tch ing. n o r  the mass of the ha tch l ing. 
were recorded.  Data col lected i n  I 987 were more 
extens ive a nd l a rge a mounts  of res idues were lost  at 
hatch ing .  It i s  clear tha t  data col lected i n  1 986 
u nderes t i m ated t h e  actual  anount  of the  res idues 
present at the end o f  incubat ion i n  t h i s  s pecies and i t  i s  
l ikely t hat  t h i s  resu l t  app l ies t o  a l l  o f t  he spec ies  shown 
in  Table 2 .  

Cl 

/rr 
Res idua l  yolk was easi ly recogn ised in eggs 

examined  in the  present study.  I t  was surpr i s ing  t h a t  
s u c h  l a rge amounts  cou ld b e  left in t h e  eggshel l .  
Norma l ly .  t h e  i n i t i a l  m ass of the  yolk determi nes 
ha tch l ing  mass and larger hatch l ings have better rates 
of survival (Tracy. 1 982 ) .  The s ignificance o f  the  ab i l i ty  
to leave  res idua l  yo lk in  t h e  eggshel l  and i t s  effects 
upon the s ize of the hatch l ing and i t s  potent ia l  su rvival 
a re not clear. 

"' 
VI 
d 

:I: 

4·0 

j/1 
l/j/ 

3·0 r 
2·5 

0 10 20 30 40 50 

Days of Incubation 

f ig . I The mass or fi , e eggs or the gcck o F11h/cf'hari1 

mac11/ari11s d u r i n g  i n cuba t i on .  V a lues a re means (grams) 
w i t h  s ta ndard erro r  bars. 

compared to t h e  second egg wh ich increased by h a l f  of  
i ts  i n i t ia l  mass  (Table 3) .  Despite th is  d i fference in  
water u ptake hatch l ing mass was s i m i l ar and  less  than 
the i n i t i a l  egg contents  ( 85.6 per cent  of  i n i t i a l  egg 
mass. egg 1 �89 . 5  per cent .  egg 2 ) .  The l Og d i fference i n  
fina l  egg m a s s  w a s  acco u n ted for b y  t h e  egg res idues 
after  hatch l ing emergence (Table 3). 

A l though the p resen t  st udy was l i m i ted in i t s  scope it 
h igh l ights  our  poor understand ing of the develop­
mental  physiology of rept i le  eggs. Unfort u n ately. t h is 
s tudy can not confi r m  the orig in o f  t he semi-gela t inous  
flu id i n  these eggs but  exami nat ion of t h e  l i terature 
suggests that  i t  i s  a l l anto ic  flu i d .  Two reports have led 
to confus ion over t h e  role of  a lbu men in squa mate eggs 
(Clark. 1 953: Badham. 1 971). The a lbumen content of 
eggs of Amphiho/oms ( Badham.  1 97 I )  and Coluber 
co1111ric1or (Clark. 1 953) increased during i ncubat ion .  
The u rea content  of  a lbumen i n  Coluhereggs i ncreased 
dur ing  deve lopment  and the flu id  was seen as a major 
excretory store (Clark. 1 9 53) .  In  b i rds  the normal  
storage compart ment  for  n i t rogenous waste  ( u r ic  ac id)  
i s  the  a l lantoic  flu id .  Prote in  was p resent i n  the  
a lbumen of Amphibolorus eggs ( Badham.  1 97 1 )  but  i t  
on ly  const i t u ted l e s s  than  0 .5  per  cent of  t h e  t o t a l  mass 
of the Ouid measu red. By  contrast .  a lbumen i n  eggs of 
bi rds ( Romanoff. 1 967)  and crocod i l ians  ( B u rley.  
Black. Wel l ington and G rigg. 1 987 ) contains much 
more p rote i n .  Fresh a lbu men i n  rept i le eggs i s  gel-l ike 
( E wert.  1 985: Ferguson. 1 985) whereas a l l an to ic  flu id 
is m u c h  less viscous ( M o ffa t .  1 985) resembl ing t h i n  
a lbumen o f  bi rds eggs. T h e  res idua l  n u i d  i n  squamate  
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eggs was s imi lar  in  a p peara n ce to  a l lanto ic  nu id  in  eggs 
of Alliga1or missis.1ippicn.1is; la rge amounts  of a l lan toic 
nu id are present  in  t hese eggs at the end or incubation 
and i t  oozes from the  egg d u ring hatching ( Deem i ng 
and Ferguson,  1 989) .  Therefore, I agree wi th  t h e  
suggest ion of Packard and Packard ( 1 988 )  t h a t  
Badham ( 1 97 1 )  and C l a r k  ( 1 953 ) m i s t o o k  a l lanto ic  
nuid i n  l izard eggs for  a lbumen.  

I n  both  Euh/cpharis and Elapl•c increases in  egg mass 
dur ing  incubat ion were renected in  the a mount  of  
res idues ( a l lan to ic  nu id )  a t  hatch and not  i n  hatchl ing 
mass . H at c h l ing mass was s i m i lar  to ,  o r  less t h a n .  the 
mass of the  i n i t ia l  eggs contents .  P.1·1ho11 hatchl ings 
weigh l ess than both t h e  i n i t ia l  and fin a l  egg mass 
( B l a c k .  B i rchard, Schuet t  and B lack. 1 984) .  S i m i lar ly .  
ha tch l ings of Amphibolorns weighed less  t han the  
i n iiia l  mass  of t h e  eggs des p i t e  a t h ree-fo ld  increase in  
egg mass d u ring i ncubat ion ( Badha m ,  1 97 1 ) . I t  is  
i nterest ing to  note that c ro co d i l ian eggs also ooze 
a l l an to ic  nu id at  ha tch ing a l t hough t hey do not take u p  
addit i onal  water  from the nest substra te  d u ring 
i ncubat ion (Subbo Rao. 1 98 7 :  Deem ing a n d  Ferguson.  
I 989) .  Eggs of Crocodl'lusjohns1011i have a round I Og of 
alla n t oic  nu id p resent  a t  the  end o f  incubat ion 
( M an o l i s  et  al . .  1 98 7 )  b u t  a l l  o ther  nu ids i n  t h e  egg had 
d is a ppeared. U nfor tunate ly  the  fate  of  the  a l l an to ic  
n u i d  was not reported but  as  t h e  combined masses of  
the  h a t c h l i ng and eggshe l l  con s t i t ut ed only  72-76 per 
cent  of i n i t ia l  egg m ass i t  is l i ke ly  t h a t  the n u  id  was lost  
from the egg a t  ha tch i ng. 

A l though many s tudies have examined the water 
rela t i ons of squamate  eggs ( Badham.  1 97 1 :  Tracy. 
1 980;  M. J. Packard .  Pac k a rd .  M i l l e r .  Jones and 
G u t z ke, 1 98 5; M. J .  Packard et al . . 1 980: M u t h ,  1 9 8 1 :  
Black, et al . . I 984; G utzke  and Packard, I 987: Packard 
and Packard,  I 987) very few s tud ies have exam ined t h e  
changes in  t h e  ind iv idual components  of t h e  egg d u ring 
i ncubat ion .  For example, var ious s tud ies have shown 
t h a t  t h e  u rea cont e n t  of  che lon ian  and squa mate  eggs 
i ncreases dur ing incubat ion ( Packard a n d  Packard. 
I 98 3 ,  1 987; G. C. Packard et al . .  1 983 :  G. C .  Packard. 
Packard and Boardman.  I 984)  but  whole eggs were 
h omogenised a n d  the  locat ion of t h e  u rea was 
unknown .  By c o n t rast . Manol i s  et al. ( I  9 8 7 )  showed 
t ha t  u rea increased in eggs of Crocod!'lus d u ring 
incubat ion  and t h a t  i t  was o n l y  prese n t  i n  l a rge 
qua n t i t ies in a l l a n t o i c  nu id .  I ndeed water  a bsorbed 
dur ing incubat ion may play an i m por tant  role in 
d i l u t i n g  t h e  l arge amounts  of urea in rep t i l e  eggs 
a l lowing the  embryo to deve lop  for a l onger period 
( P a c k a rd et al., I 984) .  The t o x i c  a l l an to ic  nu id  would 
be released fro m  t h e  egg at  ha tch ing. 
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