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averages (= prefers) a body temperature of 29.9°C. 
Although admittedly both p ieces of evidence are not 
too compel ling, it  does seem at present that the 
agreement between the two kinds of optimal 
temperature i s  even better in this case than previously 
thought ( Fig. 1 ,  star). 
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Fig. I .  The relation of the temperature optimum for the 
CM audiogram, to the ecological temperature opt imum of 
the same species. Symbols (squares, iguanids; circles, 
·gekkonids) are i ri the middle of respective ranges (bars); a l l  
these data from Werner ( 1 983) .  Star,  present correction for 
Phelsuma madagascariensis. 
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INTRODUCTION 

Day-geckos of the genus Phelsuma Gray 1 825 are 
widely distributed on the islands of the western Indian 
Ocean .  Most species are diurnal, arboreal and 
coloured green or blue with red marki ngs. In the 
granit ic  Seychelles, two species occur at  h igh densities 
on most islands: P. astriata and P. sundbergi (Thorpe 
and Crawford, 1 979; Gardner, 1 984). During a study 
on Phelsuma evolutionary ecology in  the Seychelles, 
several hundred specimens of both these species were 

examined, both during 1 5  months field work and 
subsequently in the laboratory after preservation i n  
70 per cent alcohol. I t  became apparent i n  the field that 
individual , reproductively active females pass through 
a calcium cycle i nvolving the storage of calcium in the 
endolymphatic sacs (which are vis ible  as whit ish 
swell ings on e i ther s ide of the neck) and its subsequent 
deposition as egg-shell . Sl ightly gravid females ( i . e .  
those with small, but  externally visible oviducal eggs) 
almost always had large, well calcified endolymphatic 
sacs.  Very heavily gravid females, with almost ful l  
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sized eggs, often had smal l  sacs, as  did those non
gravid females with soft, flabby abdomens, which had 
probably recently laid. The eggs of Phelsuma, as of 
other Gekkonine geckos, have a hard, well calcified 
shell with considerable ability to withstand dessication. 
Whi le  the calcium storage capacity of geckos 
endolymphatic sacs is widely appreciated (e.g. 
McKeown, 1 984), these cyclic events have not been 
clearly shown in wild geckos. Reproduction of 
Phe/suma in the granit ic Seychelles is both asynchro
nous and aseasonal (Gardner, 1 984). 

METHODS 

Specimens were kil led by thoracic Injection of 
pentobarbitone sodium, and preserved in 70 per cent 
alcohol for up to two years pr ior to this  study . The 
condition of the endolymphatic sacs was noted in  1 62 
female P. astriata and 1 87 P. sundbergi from a range of 
25 islands from the granitic Seychelles, scoring them as 
small (not externally visible), medium (slightly 
swollen) and large (considerable swel l ings on sides of 
neck). Also n.oted were the presence and s ize of 
externally visible oviducal eggs and the presence of a 
calcareous crust formed on the skin of the preserved 
specimen.  This crust was a white or yellow deposit 
found part icularly on the dorsal surface of the 
abdomen and around the vent. In  addition, the 
stomach contents of 65 P. astriata and 3 2  P. sundbergi, 
of both sexes, from Prasl in were examined, and the 
presence of any calcareous material was noted. 

RESULTS 

Table I gives the data on the condition of the 
endolymphatiE sacs, oviducal eggs and the presence of 
a calcareous crust in the preserved specimens. The 
figures are generall y  s imi lar for both species. In both 
P. astriata and P. sundbergi there was a h ighly 
significant association (p>0.999) between the condition 
of the endolymphatic sacs and the presence and s ize of 
externally visible oviducal eggs. (x 2 4 d .f. = 25.4 
P. astriara; 36.6 P. sundbergi). There was a tendency for 
females without externally visible oviducal eggs to 
have smal l  endolymphatic sacs and for s l ightly gravid 
females to have large sacs. H eavily gravid females had 
small ,  medium or large sacs. 

The development of calcareous sk in crusts in  the 
preserved specimens was strongly associated with the 
presence of large oviducal eggs. No non-gravid or 
slightly gravid fem ales developed this crust whereas 
60. 7 per cent of heavily gravid P. astriata and 59.0 per 
cent of heavily gravid P. sundbergi did so. Moreover, 
amongst the heavily gravid females, there was a 
significant association (p>0.999) between the develop
ment of a sk in crust and the condition of the 
endolymphatic sacs (x2 

= 1 8 .9 2 d .f. for both species 
pooled).  A crust formed on many geckos with small or 
medium endolymphatic seas, but on very few 
specimens with large endolymphatic sacs. 

On dissection, the heavily gravid females with small 
sacs fell into two categories. Most had developed 
calcareous skin deposits, and proved to have unshelled 

(a) P. astriata 

non-gravid 
slightly gravid 
heavily gravid 

(b) P. sundbergi 

non-gravid 
slightly gravid 
heavi ly gravid 

ENDOL YMPHA TJC SACS 
(SKIN CR UST) 

small medium large 

65 (0) 24 (0) 23 (0) 
2 (0) 5 (0) 15 (0) 

10 (9) 8 (7) 10 ( 1 )  

ENDOL YMPHA TIC SACS 
(SKIN CR UST) 

72 (0) 
2 (0) 

24 ( 1 6) 

36 (0) 
3 (0) 
7 (5) 

20 (0) 
15 (0) 
8 (2) 

TA B L E  I. The condit ion of the endolymphatic sacs in 
preserved specimens of mature female Phe/suma astriata and 
Phe/suma sundbergi, together with the presence of externally 
visible oviducal  eggs. B racketed figures are the numbers of 
specimens in  each category t hat developed a calcareous skin 
deposi t  on preservation. 

oviducal eggs . Some, however had not deveioped skin 
deposits, and t hese were found to be carrying shel led 
eggs. Indeed some of these females contained a single 
egg, having already laid one. H eavily gravid females 
with large endolymphatic sacs did not develop a 
calcareous deposit and contained unshelled eggs. 

Mineral matter was found in e leven of the stomachs 
examined, consisting of coral sand, land snail shells, 
fragments of marine mol lusc shells and fragments of 
gecko egg-shell .  The two land snails found had been 
eaten when dead as the shells contained sand and other 
debris.  In ten of these cases, the gecko was an adult 
female, the exception being one sub-adult male 
containing some sand grains. A l l  the matter found was 
calcareous. There was no obvious association between 
the presence of ingested calcareous material and the 
reproductive state of the gecko in this small sample. 

DISCUSSION 

The s implest interpretation of these observations is  
that individual reproductively active females pass 
through a calcium cycle. Females without visible 
oviducal eggs tend to store calcium in their 
endolymphatic sacs . As most s lightly gravid females 
had large endolymphatic sacs , and some females with 
ingested calcareous material were not visibly gravid, 
most of the storage of calcium probably occurs before 
the eggs are visible external ly .  I n  heavil y  gravid 
females this  stored calcium is mobi l ized from the sacs 
shortl y  before oviposition. Geckos preserved at this 
stage develop a calcareous deposi t  on the skin , and, 
hence ,  it is l i ke ly that the. blood contains a large 
amount of calc ium.  The mobil i zed calcium is laid 
down as egg-she l l ,  so that geckos with shel led eggs 
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have small endolymphatic sacs , and do not develop a 
skin deposit on preservation. 

I t  is  l ikely that the ingestion of calcareous material is 
intentional and normal in  reproductively active 
females to replace the large amounts of calcium lost in 
the production of shel led eggs. Captive geckos are 
regularly fed cuttlefish and dietary supplements to 
replace their calcium, without which uncalcified, 
inviable eggs are produced or bone degeneration may 
occur (Demeter, 1 976; Bloxam and Vokins, 1 978;  
H oward, 1 9 80). Deliberate ingestion of calcareous 
material by female geckos in the wild has not been 
previously reported, though Vinson ( 1 975)  did note the 
presence of coral fragments in the stomachs of two 
specimens of Phelsuma guentheri on Round Island, 
Mauritius. One of these was a female, but the sex of the 
other specimen was not given. 
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INTRODUCTION 

In an interesting and highly relevant paper to 
herpetologists, Lee ( 1 982) cautioned against the · 

unguarded use of morphometric data col lected from 
preserved specimens. In an analysis of20 characters i n  
t h e  toad Buja marinus, Lee found a number of 
sign ificant effects of preservation when data from the 
'fresh' and 'preserved' states of the same toads were 
compared using univariate statistics. One important 
point raised by Lee at the end of his paper concerned 
the species- and tissue- specificity of responses to a 
preserving fluid.  

In an  ongoing study of the reproductive biology of 
the smooth newt ( Triturus vulgaris),  I h ave collected 
and preserved several hundred specimens; but, can I be 

sure that the 1 0  per cent unbuffered formal in solution 
that I use for preservation does not distort the 
characters in  which I am interested? In this report, I 
present data on the effects of preservation on several 
morphological characters which suggest little distortion 
when compared with the "fresh" state. 

M ETHODS 

The data presented below were derived from the 
analysis of 20 male and 20 female smooth newts 
obtained from ponds in the Oxford and Milton Keynes 
areas of southern England, between April 1 982 and 
February 1 984. Within one or two days of capture, the 
newts were sacrificed in m-aminobenzoate and scored 


