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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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