
ACTI VITY O F  PODA RCIS MURALIS 549 

Hertz. P. E. and H uey. R .  B. ( 1 98 1 ) . Co m pensat ion for 
a l t i tudinal changes in t h e  t hermal environment by some 
Ano/is l izards of H ispan iola.  Ecology, 62, 5 1 2-52 1 .  

Huey. R .  B .  ( 1 974). Behavioural  t hermoregu l n t i o n  i n  l izards :  
i m portance of associated costs. Science. 1 84, 1 00 1 - 1 003. 

H uev. R .  B.  ( 1 982). Temperature, phys io logy and t he ecology 
of rept i les. In Biologv of !he Rep1ilia. vol. 1 2. Ph rsio/ogical 
Ecology. 25-9 1 .  Gans.  C. and Pough. F. H. (Eds . ). 
London: Academic Press. 

H uey. R. B .. Pianka.  E. R. and Hoffman,  J. A. ( 1 977).  
Seasonal variation i n  t hermoregulatory behavior and 
body temperature of diurn a l  K a lahar i  l izards. Ecologr.  
58 . 1 066- 1 075.  

Huey. R. B.  and Slatkin, M. ( 1 976) . Cost a n d  benefits o f  l izard 
t hermoregulat ion .  Q11ar1. Rev. Biol. . 5 1 ,  363-384. 

Patterson. J .  W .  and Davies,  P .  M .  C. ( 1 978). Thermal 
accl imation i n  temperate l izards. Na111re. 2 75, 646-647. 

Perez M el l ado. V. and Sa lvador. A. ( 1 98 1  ) . Actividad y 
t ermoregulac ici n  est ival  de Podarcis pi1_1•11.1·rnsis Bosca.  
1 8 83 ( S a u r i a :  Lacert idae) en I biza y Forment era .  
A 111phihia-Rcp1ilia. 2 .  1 8 1 - 1 86. 

H E R PETOLOGI C A L  JOURNAL. Vol. I .  pp. 549-554 ( 1 99 1 )  

Perez Mellado. V .  ( 1 983). Act iv i ty  and t hc:rmoregu lat ion 
p a t t erns i n  t w o  species of Lace rt idae:  Podarcis hispa11ica 
( S t eindach ner. 1 870) and Podarcis hocagei (Seoane. 
1 884). Cie11c. Biol. Eco/. Sys! . . 5, 5- 1 2. 

P i a n k a .  E. R .  ( 1 977). Rept i l ian species d i vers i t y .  I n  Biolog1• 
of !he Rep1ilia. vol.  7. Ecology a11d Behaviour. 1 -34. 
G ans.  C. and T i n k le. D .  W.  ( E ds . ). London : Academic 
Press. 

Pough.  F. H .  and B usack. S .  D .  ( 1 978). M e t a bol ism and 
act iv i ty  of the Spanish  fringe-toed l iz a rd ( Lacert idae:  
A ca111hodaC1r/11s err1hrurus) . .!. Ther111. Biol . . 3. 203-2-5. 

Siegel. S. ( 1 956). No11parame1ric .\'/a1is1icsfor 1he hehavioural 
sciences. Tokyo: McG raw- H i l l  K ogakusha .  

Van D amme.  R . .  Bauwens. D.  a n d  Verheyen.  R .  F .  ( 1 986). 
Selected body t em pera t u res in  t he lizard Lacena 
1•ivipara: v:ir i :i t ion w i t h i n  a n d  between populat ions.  
.!. Then11. Biol . .  1 1 , 2 1 9-222. 

Waldschmidt .  S .  ( 1 980). Orien t a t ion t o  t he sun bv t h e  
iguanid l izards Ula s1a11slmria11a a n d  Sccloporus 
1111d11/a111s: hourly and m o n t h l y  variat ions. Copeia 1 980. 
458-462. 

THE DISTRIBUTION AND BREEDING SITE CHARACTERISTICS OF NEWTS 
IN CUMBRIA, ENGLAND 

J. S. DENTON 

S1111dcrla11d Pnh1ec/111ic. Rio/ng
.
ical Scf{'llC<'.< R11ildi11g. C/1ntcr Road. S1111dcr/a11d. Trn<' & Wear. 

Prt'S<'llf A ddress: Sc/100/ n( Rin/ngl'. U11ircrsitr n( Sussex. Fa/Iner. Rrigh1n11 RN I 9QC. U. K. 

(A ccepted 1 7 1. 90) 

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. 
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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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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 .  


