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Abstract. The composition of tissue and membrane fatty 
acids in ectothermic vertebrates is influenced by both 
temperature acclimation and diets. If such changes in 
body lipid composition and thermal physiology were 
linked, a diet-induced change in body lipid composition 
should result in a change in thermal physiology. We 
therefore investigated whether the selected body temper- 
ature of the agamid lizard Amphiboturus nuchalis (body 
mass 20 g) is influenced by the lipid composition of di- 
etary fatty acids and whether diet-induced changes in 
thermal physiology are correlated with changes in body 
lipid composition. The selected body temperature in two 
groups of lizards was indistinguishable before dietary 
treatments. The selected body temperature in lizards af- 
ter 3 weeks on a diet rich in saturated fatty acids rose by 
2.1 ~ (photophase) and 3.3 ~ (scotophase), whereas the 
body temperature of lizards on a diet rich in unsaturated 
fatty acids fell by 1.5 ~ (photophase) and 2.0 ~ (sco- 
tophase). Significant diet-induced differences were ob- 
served in the fatty acid composition of depot fat, liver and 
muscle. These observations suggest that dietary lipids 
may influence selection of body temperature in ec- 
totherms via alterations of body lipid composition. 

Key words: Dietary lipids - Fatty acids - Behavioural 
thermoregulation - Reptiles - Lizard, Amphibolurus 
nuchalis 

Introduction 

Ectothermic organisms alter the lipid composition of tis- 
sues and membranes during cold acclimation (Hazel 
1988). Such alterations occur in a number of lipids, but 
the most consistent change in lipid composition during 

Abbreviations: bm, body mass; FA, fatty acid(s); MUFA, mono- 
unsaturated fatty acids; PUFA polyunsaturated fatty acids; SFA, 
saturated fatty acids; Ta, air temperature; Tb, body temperature; 

UFA, unsaturated fatty acids 

cold acclimation appears to be an increase of UFA and 
PUFA (Hazel 1988). It is likely that this increase in UFA 
increases the fluidity of membrane and tissue lipids at low 
Tb, which may partially explain how physiological func- 
tions can be maintained during cold exposure 
(Hochachka and Somero 1984; Cossins and Bowler 
1987; Hazel 1988). 

Although this compositional change of lipids in tis- 
sues and membranes seems to provide a convenient mod- 
ulator of cellular physiology at low T b the animals are 
faced with the problem of how to obtain PUFA. While 
vertebrates are able to synthesize MUFA, which have 
been shown to significantly increase the fluidity of cellu- 
lar membranes and lower the melting point of tissue fats 
(Irving et al. 1957; Hazel 1988), they are unable to synthe- 
size the essential fatty acids linoleic acid (C18:2) and lino- 
lenic acid (C18:3). These fatty acids are required as pre- 
cursors for the production of most long-chain PUFA, 
which appear to be important particularly in those ec- 
totherms that are active at low T b (Hazel 1988). Thus, the 
PUFA concentration in the body of vertebrates can only 
be raised through incorporation of a diet containing es- 
sential FA. 

This study investigates the effect of a diet rich in PU- 
FA (10% sunflower oil) and a diet rich in SFA (10% 
sheep fat) on the selected T b of the insectivorous agamid 
lizard Amphibolurus nuchatis. In a previous study on the 
largely herbivorous skink Tiliqua rugosa the selected T b 
was found to be influenced by the lipid composition of 
the diet (Geiser et al. 1992). However, in that study, the 
lipid composition of tissues was not investigated and the 
question remained of how the FA composition of depot 
fat, liver and muscle was affected by diet and if these 
changes were correlated with those in thermal physiolo- 
gy. 

Material and methods 

Twelve central-netted dragons Amphibolurus nuchalis (syn. 
Ctenophorus nuchalis; Agamidae) were caught in January 1991 near 
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Fowler's Gap Station (about 100 km north of Broken Hill), New 
South Wales. They were transported to the University of New Eng- 
land, Armidale, and were held in large terraria under an artificial 
photoperiod of LD 12:12, light from 06:00 to 18:00 hours. Ceramic 
heat lamps (100 W) were on throughout the photophase and heated 
the sand surface under the lamps to 44 ~ T a during the scotophase 
was 25_+ 1 ~ Animals were maintained on water and a diet of 
Reptile food (Wombaroo, Adelaide) mixed with apples and water 
and Friskies Go-Cat soaked in water. On 18 March, the 12 individ- 
uals were divided into two groups of matched bm and sex ratio. The 
selected T u in these individuals was measured on 20 March (pre- 
feeding). Two days before this initial measurement animals were fed, 
by syringe, 10% of their bm a diet consisting of 40% Reptile food, 
60% water and 6 drops Pentavite per 50 g food. 

For measurements of selected Tb animals were placed in a 
1.20 m x 0.17 m thermal gradient with substrate (sand) tempera- 
tures ranging from 17 to 58 ~ The temperatures in the gradient 
were kept high because this species selects very high Tbs in the wild 
(Bradshaw and Main 1968; MacMillen et al. 1989) and because soil 
surface temperatures at the site and time of capture approached 
60 ~ Fine thermocouples (38 gauge) were inserted 3 cm into the 
cloaca of each animal, the wires taped to the tail, and Tb was mon- 
itored to the nearest 0.1 ~ over 1 day at 15-rain intervals with an 
Electronic Services Unit (Armidale, New South Wales) thermocou- 
ple data logger. Photoperiod during measurements was LD 12:12. 
After this initial measurement animals were fed once a week, by 
syringe, 10% of their bm Water was always available to the animals 
when they were held in the terraria. The diet consisted of 40% 
Reptile food, 60% water, and 10% addition by weight of (1) sun- 
flower seed oil ("unsaturated" diet; n = 6; bm 20.6_+ 7.7 g SD) or (2) 
sheep lard ("saturated" diet; n = 6; bm 20.4+_6.6 g). The water, fat 
and oil were warmed to 50 ~ to ensure an even mixing of the diets. 
Six drops Pentavite were added to 55 g of the diet mixture. The 
selected T b was measured 2 days after feeding as previously de- 
scribed after the animals had been on their respective diets in the 
first, second and third week. Body mass in both diet groups did not 
change significantly during the experimental period. In the third 
week on the respective diets, bm was 22.5 _+ 8.2 g in animals on the 
unsaturated diet and 21.4+ 7.4 g in animals on the saturated diet. 

The mean selected Tb was calculated from all measurements 
during the photophase (lights on) and scotophase (lights off). Mea- 
surements during the first 30 min after animals were placed in the 
gradient were excluded from calculations. As the selected T b 
changed during both the photophase and scotophase, the mean 
selected T b maxima (14:00-17:00 hours) and the mean selected T b 
minima (03:0006:00 hours) were also calculated and compared. 

The total lipid FA composition of the experimental diets dif- 
fered substantially (Table 1). Differences were particularly pro- 
nounced in the content of the fatty acids C14:0, C18:0 and C18:2. 
These differences in the FA composition of the two diets were re- 
flected in the SFA/UFA ratio which differed by a factor of 5, the 
n6/n3 FA ratio which differed by a factor of 9 and the PUFA 
content which differed by a factor of 8.6. 

Animals were decapitated after they had been on the diets for 4 
weeks. Depot fat (intraperitoneal), liver and muscle (upper hind leg) 
were immediately removed and frozen at - 3 0  ~ Total lipid FA of 
diets and tissues were extracted and methylated using the method of 
Lepage and Roy (1986). Methyl esters were extracted in hexane and 
analyses were performed with a computer-controlled Hewlett Pack- 
ard Series II gas chromatograph using a 30 m capillary FFAP 
column (Alltech, Deerfield, Ill., USA). Data were analysed using the 
Delta Chromatography Data System (Digital Systems, Brisbane). 
Standards for all 21 FA methyl esters that were identified were 
purchased from Larodan Fine Chemicals (Malta6, Sweden) and 
from Sigma (Castle Hill, Australia). 

Numerical vMues in the results are expressed as mean +- 1 stan- 
dard error (SE). Differences in the selected Tb between diet groups 
and fatty acid composition were determined using a two-tailed t- 
test and a one-way ANOVA. Repeated measures ANOVA was 
applied when comparing the selected T b of the two groups before 
feeding and after animals had been on the diets for 3 weeks. Percent- 

Table 1. Percent fatty acid composition of the two diets fed to Am- 
phibolurus nuchalis 

Fatty acid Sheep fat diet Sunflower oil diet 
"saturated . . . .  unsaturated" 

10:0 0.4 0.3 
12:0 0.4 0.3 
14:0 3.5 1.6 
14:1 0.3 0.2 
15:0 0.9 0.5 
16:0 22.3 12.4 
16:1 1.7 0.6 
17:0 1.9 0.1 
18:0 28.1 6.6 
18:1 30.0 26.9 
18: 2n6 4.3 47.7 
18: 3n3 1.0 1.4 
20: 0 0.2 0.2 
20:1 1.2 0.3 
20: 2n6 0.1 - 
20:4n6 0.1 - 
22:0 0.2 0.9 
22:1 0.1 - 
24:0 0.2 
22: 6n3 0.2 - 

SFA 58.8 22.9 
UFA 39.0 77.1 
SFA/UFA 1.5 0.3 
PUFA 8.6 32.0 
n6 4.5 47.7 
n3 1.2 1.4 
n6/n3 34.1 3.8 

Number of carbon atoms and number of double bonds of fatty acids 
are shown. The percentage values represent means of two diet pre- 
parations. SFA, sum of saturated fatty acids; UFA, sum of unsatu- 
rated fatty acids; PUFA, sum of polyunsaturated fatty acids; n6, 
sum of n6 fatty acids; n3, sum of n3 fatty acids 

age values were arcsine-transformed before testing. Linear regres- 
sions were fitted using the method of least squares. 

Results 

Dietary fats and the selected Tb 

The dai ly f luctuat ion of T u in  A. nuchalis was affected by 
the compos i t ion  of dietary FA.  The t ime-course of T b was 
similar in the two exper imental  groups  before feeding 
experiments,  with relatively high Tb s dur ing  the pho-  
tophase  and  relatively low TbS dur ing  the scotophase 
(Fig. la,b). In  the third week on their respective diets the 
m e a n  Tb of animals  on  the sa tura ted  diet was well above 
that  of most  cor responding  pre-feeding measurements ,  
whereas most  of the TbS in an imals  on  the unsa tu ra t ed  
diet were well below those of pre-feeding measurements  
at the respective time of day (Fig. la,b). 

The selected Tb of the two diet groups  was indis t in-  
guishable  before feeding (Fig. 2; P > 0 . 1 ;  ANOVA).  
Changes  in the selected Tb that  occurred wi thin  the 4 
weeks of measurement s  differed between diet groups. In  
the animals  on  the sa tura ted  diet the selected Tb dur ing  
the scotophase increased more  or less l inearly through-  
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Fig. la ,b .  Da i ly  va r i a t ion  of the selected T b of Amphibolurus nuchalis 
before the dietary manipulations (open symbols) and after the ani- 
mals had been on (a) saturated diet or (b) unsaturated diet for 3 
weeks (closed symbols). Mean Tb was calculated for the six individu- 
als. The black bar indicates the period of darkness, o Pre-feeding; 
�9 Saturated diet 

out the experimental period; during the photophase se- 
lection of relatively high TbS occurred within the first 
week of feeding and was maintained at this level through- 
out the rest of the experiment (Fig. 2a). In animals on the 
unsaturated diet the decrease in the selected T b was most 
pronounced during the first week on the diet and rela- 
tively low TbS were maintained throughout  the rest of the 
experimental period (Fig. 2b). The selected T b of the two 
diet groups changed significantly over the 4-week experi- 
ments (repeated measures ANOVA; P<0.01).  In the 
third week on the respective diets the selected T b differed 
between animals on the saturated diet (photophase 
Tb = 37.0_+0.4~ scotophase Tb = 36.4_+0.4~ and 
animals on the unsaturated diet (photophase 
T b = 35.7_+0.4 ~ scotophase Tb = 33.3_+0.8 ~ 
(P < 0.05 photophase;  P < 0.01 scotophase; t-test). 

The change in the selected Tb from pre-feeding to the 
third week on the diets also differed significantly between 
the diet groups (P<0.05;  t-test; Fig. 3). Animals on the 
saturated diet showed a rise in the selected T b 
(+  2.14- 1.5 ~ photophase;  + 3.3 ___ 2.0 ~ scotophase), 
whereas animals on the unsaturated diets showed a drop 
in the selected T b ( - 1 . 5 + 0 . 7 ~  photophase; 
- 2.0 4- 0.5 ~ scotophase). 

Significant effects of dietary lipids were also observed 
when the mean selected T b maxima during the pho- 
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Fig. 2a,b. The change  of the selected T b of Amphibolurus nuchalis 
over a 4-week period. Values represent means _+ 1 SE of six indivi- 
duals on (a) saturated diet or (b) unsaturated diet during the photo- 
phase (open symbols) and scotophase (closed symbols) 

tophase (14:00-17:00 hours) and mean Tb minima during 
the scotophase (03:004)6:00 hours) were compared. The 
pre-feeding selected T b maxima and minima were indis- 
tinguishable between groups (unsaturated group: pho- 
tophase Tu = 38.8_+0.7 ~ scotophase Tb = 33.8 
-t-2.8~ saturated group: photophase Tb=  36.1+ 
6.8 ~ scotophase T b = 31.1+4.2 ~ (ANOVA; 
P>0.1).  The selected Tb maxima and minima of the two 
diet groups changed significantly over the 4-week experi- 
ment (repeated measures ANOVA; P<0.01).  After 3 
weeks on the two diets the selected T b maxima and mini- 
ma differed beween animals on the unsaturated diet (pho- 
tophase Tb = 37.7_+ 1.5 ~ scotophase T b = 30.9 
• 1.4 ~ and animals on the saturated diet (photophase 
Tb=38.5_+0.9, scotophase 34.1•176 (ANOVA; 
P<0.01).  

Dietary fats and tissue fat ty acid composition 

The FA composition of the depot fat total lipids was 
affected by the diets (Table 2). Of the 20 FA that were 
identified, 10 differed significantly between the two diet 
groups. A further 7 FA were considered to differ between 
diet groups, as they were detected in small amounts in 
one of the diet groups, but not in the other. Thus, only 3 
FA in the depot fat did not differ between diet groups. 
Compositional differences were particularly pronounced 
for C18:0, C18:1 and C18:2 FA, reflecting differences in 
the diet composition (Table 1). The sums of SFA, UFA, 
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Fig. 3. The difference in selected T,o of Amphibolurus nuchalis from 
before feeding to 3 weeks on the diets. Values represent means • 1 
SE of six individuals 

the SFA/UFA ratio, PUFA, n6 FA and the n6/n3 FA 
ratio also differed significantly between diet groups. The 
SFA/UFA ratio was 2-fold greater and the PUFA con- 
tent was 3.5-fold smaller in animals on the saturated diet 
in comparison to animals on the unsaturated diet. 

Fatty acids of liver total lipids were also affected by 
the diets (Table 3). Of the 17 FA that were identified, 6 

differed significantly between diets and a further 3 were 
detected in one diet group but not in the other; composi- 
tional differences were particularly pronounced in the 
C18:0, C18:1 and C18:2 fatty acid. The remaining 8 FA 
were indistinguishable. However, the sums of FA and 
their ratios differed significantly between diet groups, 
with the exception of the n3 FA. The SFA/UFA ratio 
was 1.7-fold greater and the PUFA content was 2.9-fold 
smaller in animals on the saturated diet in comparison to 
those on the unsaturated diet. 

Muscle total lipid FA also differed between diet 
groups (Table 4). Of the 19 FA that were identified, 8 
differed significantly and a further 2 were detected in one 
diet group but not in the other; pronounced differences 
were observed for the C18:1, C18:2 and C18:3 FA. The 
remaining 9 FA did not differ. The FA sums and ratios 
differed significantly between the two diet groups with 
the exception of the SFA. Differences were particularly 
pronounced in the content of MUFA, PUFA, n6 and n3 
FA. 

D i s c u s s i o n  

The present study suggests that the selected Tb of A. 
nuchalis is affected by the composition of dietary FA. A 

Table 2. Percent fatty acid composition of 
depot fat total lipids of Arnphibolurus Fatty 
nuehalis maintained on different lipid diets acid 

Saturated Unsaturated t-test 
fat diet oil diet P < 
(n = 4) (n = 5) 

12:0 0.3 4- 0.05 0.2 • 0.04 ns 
14:0 3.14- 0.20 1.9 • 0.09 0.0005 
14:1 0.3 +_0.05 0.1 +0.04 0.05 
15:0 0.5 + 0.05 0.3 4- 0.00 0.001 
16:0 19.14- 0.40 14.6_+ 0.80 0.01 
16:ln9 5.5 +0.65 3.0 +_0.36 0.01 
17: 0 0.8 • 0.05 0.3 • 0.00 0.0001 
18:0 11.2_+ 1.05 5.9 _+0.54 0.005 
18:1 45.3 _+ 0.95 35.8 • 1.48 0.005 
19:0 0.5_+0.05 - - 
18: 2n6 8.5 • 0.50 34.7 4- 2.06 0.00001 
18:3n3 1.3• 1.3_+0.18 ns 
20: ln l  1 1.2_+0.05 0.6_+0.00 0.00001 
20:ln9 0.3 • - - 
20:2n6 0.4• 
20: 4n6 - 0.2 4- 0.00 - 
22:0 - 0.5___0.04 - 
22:ln9 0.1 • - - 
22:2n6 0.2 • 0.00 0.1 • 0.04 ns 
24:0 - 0.2_+0.13 

SFA 35.4• 1.05 23.7• 1.03 0,001 
U F A  63.6 • 1.2 76.0 +_ 1.07 0.0001 
SFA/UFA 0.56 _+ 0.04 0.31 • 0.02 0.0005 
P U F A  9.8 • 0.60 36.6 • 2.19 0.00001 
M U F A  52.9 • 1.25 39.4 4- 1.61 0.001 
n6 8.6 4- 0.50 35.3 • 2.06 0.00001 
n3 1.3• 1.3• ns 
n6/n3 7.0 • 0.69 28.22 4- 2,25 0,0001 

Fatty acid concentrations are shown as the mean percentage_+ SEM of the number of indi- 
viduals investigated. SFA, saturated fatty acids; UFA, unsaturated fatty acids; PUFA, 
polyunsaturated fatty acids; MUFA,  monosaturated fatty acids; -,  Fatty acid not present or 
statistical test not performed, ns = P > 0.05 
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Table 3. Percent fatty acid composition of 
liver total lipids of Amphibolurus nuchalis Fatty 
maintained on different lipid diets acid 

Saturated Unsaturated t-test 
fat diet oil diet P < 
(n = 4) (n = 5) 

14:0 1:6 -I- 0.20 1.4 +_ 0.09 ns 
14:1 0.3 _+0.10 0.3 _+0.09 ns 
15:0 0.2_+0.05 - - 
16:0 20.3 _+ 0.35 18.0 _+ 0.45 0.005 
16:ln9 10.1 __ 1.10 8.6-t- 1.43 ns 
17:0 0.5_+0.05 - 
18:0 7.0 __ 0.35 3.5 _+ 0.36 0.0005 
18:1 43.8 + 1.55 32.9_+ 1.07 0.001 
18:2n6 9.0 _+ 0.70 30.7 _+ 1.39 0.00001 
18:3n3 1.3_+0.15 1.1_+0.09 ns 
20: lnl 1 1.3 _+ 0.10 0.7 +_ 0.04 0.001 
20:ln9 0.2 4- O. 10 - 
20:2n6 0.2_0.00 0.7 + 0.13 0.05 
20:4n6 1.1 -t-0.25 1.0+_0.27 ns 
22:0 0.9_+0.15 0.7_+0.18 ns 
24:0 0.2_+0.05 0.1 ___0.04 ns 
22:6n3 0.3 +0.05 0.2_+0.09 ns 

SFA 30.9 _+ 0.65 23.6 • 0.67 0.0001 
UFA 67.5 + 0.45 76.1 _+ 0.63 0.00001 
SFA/UFA 0.46 _+ 0.01 0.31 _+ 0.01 0.00001 
PUFA 11.7 _+ 1.15 33.6--I- 1.74 0.00001 
MUFA 55.8 _+ 1.55 42.3 +_ 2.06 0.005 
n6 10.3 _+ 1.00 32.4 _+ 1.65 0.00001 
n3 1.4 +_ 0.15 1.2 + 0.09 ns 
n6/n3 7.59_+ 0.38 27.61 _+ 1.85 0.00001 

Fatty acid concentrations are shown as the mean percentage_+ SE of the number of individ- 
uals investigated. SFA, saturated fatty acids; UFA, unsaturated fatty acids; PUFA, poly- 
unsaturated fatty acids; MUFA, monosaturated fatty acids; -, Fatty acid not present or 
statistical test not performed; ns = P > 0.05 

diet containing high amounts  of SFA raised the selected 
T b, one rich in U F A  lowered the selected T b. 

Changes in T b selection following dietary lipid supple- 
mentat ion observed here for the agamid A. nuchalis dif- 
fered somewhat  from those observed in the skink T. 
rugosa (Geiser et al. 1992). While the T b of T. rugosa on 
unsaturated diet fell, the Tb in individuals on the saturat- 
ed diet did not change. These differences could be at- 
tributed to species-specific ideosyncrasies in the response 
to the diets. They also could be due to differences in the 
FA composit ion of the diets that were fed to the animals. 
Composit ional  differences of the diet in the present study 
were greater than in the previous study (Geiser et al. 
1992) because of the relatively greater content of added 
fat or oil. It is also possible that at different times of the 
year reptiles respond in a different way to dietary lipids as 
they do to photoper iod (Rismiller and Heldmaier 1988). 
The T. rugosa were studied in November /December  (ear- 
ly summer), whereas the A. nuchalis were studied in 
March/April  (autumn). The T. rugosa in summer had al- 
ready a relatively high selected Tb before feeding of the 
two diets (Firth et al. 1989; Geiser et al. 1992) and there- 
fore may  not have raised T b any further despite feeding of 
saturated diet. By contrast, the selected T b of the A. 
nuchalis in au tumn before dietary manipulations were 
somewhat  low in comparison to summer active field val- 
ues (Licht et al. 1966; MacMillen et al. 1989), although 
they were high in comparison to the TbS experienced in 
winter. 

Diet-induced differences in thermal physiology have 
also been observed in hibernating mammals  (Geiser and 
Kenagy 1987; Florant  et al. 1993). Hibernators  on an 
unsaturated diet showed longer torpor  bouts and lower 
minimum TbS (at which T b is metabolically defended dur- 
ing torpor) than individuals on a saturated diet. In the 
two lizard species studied to date the diet-induced differ- 
ences in the selected T b between diet groups of lizards 
were somewhat  more pronounced than differences in the 
minimum Tb of hibernators (Geiser et al. 1992; present 
study). As unsaturated dietary lipids resulted in a reduc- 
tion of T b in both  hibernating mammals  and lizards it is 
likely that similar thermoregulatory mechanisms are in- 
volved in ectotherms and heterothermic endotherms. 
However, it appears  that both  the seasonal change in 
body lipid composit ion (Aloia 1988; Hazel 1988) and the 
diet-induced change in thermoregulat ion are less pro- 
nounced in mammal ian  hibernators than in ectotherms. 

A direct comparison of the selected T u of lizards and 
the minimum T b of torpid hibernators may invite criti- 
cism because of the differences in thermoregulatory 
mechanisms between ectotherms and endotherms. The Tb 
of lizards is regulated predominantly by behaviour (Huey 
1982; Heatwole and Taylor 1987), whereas the minimum 
T b during torpor  is defended by endogenous heat produc- 
tion (Heller and Hammel  1972). However, there are well 
established parallels between ectothermic and endother- 
mic thermoregulation. For example, during fever T b rises 
in both ectotherms and endotherms in response to the 
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Table 4. Percent fatty acid composition 
of muscle total lipids of Amphibolurus Fatty 
nuchalis maintained on different lipid diets acid 

Saturated Unsaturated t-test 
fat diet oil diet P < 
(n = 4) (n = 5) 

14:0 0.7_+ 0.05 0.6_+ 0.09 ns 
15:0 0.2_+0.00 0.2_+0.09 ns 
16:0 12.7_+0.30 11.1 _+0.45 0.05 
16: ln9 2.5 _+ 0.40 1.4 _+ 0.22 0.05 
17: 0 0.6 ___ 0.05 0.2 _ 0.04 0.05 
18:0 14.5 + 0.90 14.1 + 0.31 ns 
18:1 27.2_+ 1.70 18.3 _+0.45 0.001 
18 : 2n6 19.7 _+ 1.80 34.0_+ 1.21 0.0005 
18:3n3 1.5 __ 0.05 0.6 -+ 0.09 0.0005 
20:0 0.3_+0.10 0.5_+0.04 ns 
20: lnl 1 1.0_+ 0.05 0.6 _+ 0.04 0.001 
20:1n9 0.2_+0.10 - - 
20: 2n6 0.8 -+ 0.10 0.8 _+ 0.04 ns 
20:4n6 8.6 +0.55 8.1 -+0.36 ns 
22:0 1.8 -+0.20 1.1 ___0.04 0.005 
22:2n6 - 0.6+0.18 - 
22:4n6 0.4 _+ 0.05 0.5 -+ 0.09 ns 
24:0 1.3-+0.10 1.4-+0.13 ns 
22:6n3 2.0-+0.20 1.9-t-0.18 ns 

SFA 31.9_+ 1.05 29.1 + 0.67 ns 
UFA 63.7 -+ 2.20 66.7 -+ 0.63 0.05 
SFA/UFA 0.48 _+ 0.05 0.43 _+ 0.01 0.05 
PUFA 32.9 + 2.45 46.5 -+ 1.16 0.005 
MUFA 30.8 -+ 2.05 20.3 _+ 0.67 0.001 
n6 29.5 -+ 2.25 43.9 -+ 1.25 0.001 
n3 3.5 + 0.20 2.5 -+ 0.18 0.01 
n6/n3 9.25 _+ 0.05 17.79 -+ 1.42 0.001 

Fatty acid concentrations are shown as the mean percentage_+ SE of the number of individ- 
uals investigated. SFA, saturated fatty acids; UFA, unsaturated fatty acids; PUFA, poly- 
unsaturated fatty acids; MUFA, monosaturated fatty acids; - Fatty acid not present or 
statistical test not performed, ns = P > 0.05 

same exogenous  st imulus (Firth et al. 1980; C a b a n a c  
1990). Thus,  a compar i son  of  diet- induced differences in 
thermoregula t ion  between the two groups  m a y  be justi- 
fied. 

Diet- induced changes in the selected T b of  individual 
A. nuchaIis observed here correlated with changes in the 
F A  compos i t ion  of  their tissues. In  the third week on the 
diets, the mean  selected Tb dur ing the scotophase  was 
positively correlated with the S F A / U F A  ratio (a reliable 
indicator  of  lipid fluidity) of  depot  fat (linear regression: 
r 2 = 0.54; P < 0.02), liver (r 2 = 0.60; P < 0.01) and  muscle 
(r 2 = 0.58; P<0 .01) .  Corre la t ions  between the mean  se- 
lected T b dur ing the pho tophase  and  the S F A / U F A  ratio 
were less distinct (depot fat, r 2 =  0.46, P < 0 . 0 5 ;  liver 
r 2 = 0.15, P > 0 . 0 5 ;  muscle r 2 = 0.52, P<0 .02) .  As the 
var ia t ion of  the tissue S F A / U F A  ratio explained between 
45 and 60% of the var ia t ion in the selected T b of  individ- 
uals (with the exception of the mean  selected Tb dur ing 
the pho tophase  and liver S F A / U F A  ratio), it appears  
reasonable  to assume that  tissue F A  compos i t ion  and  T b 
selection and  regulat ion are functionally linked. 

The da ta  on the t ime-course of  Tb change dur ing the 
experimental  period m a y  shed further light on  possible 
regula tory  mechanisms.  The selected Tb changed most  
dramat ical ly  within the first week on the diet (i.e. only 2 
days after experimental  diets were first administered). 
This suggests the involvement  of  relatively fast mecha-  

nisms. It is thus possible that  digestibility of  fat m a y  in- 
fluence selection of  Tb of lizards. Unsa tu ra ted  fats ma y  be 
easy to digest at low T b, whereas sa turated fats m a y  re- 
quire selection of  high T b so they can be digested and 
absorbed.  However ,  some changes in b o d y  lipid composi -  
t ion m a y  have occurred within 2 days, as this species 
selects very high TbS similar to those of mammals .  A rela- 
tively fast lipid turnover  is therefore likely. The involve- 
ment  of  b o d y  composi t ion  in determinat ion of  the select- 
ed T b is suppor ted  by the observat ion that  selected T b 
dur ing the scotophase  changed  gradual ly  over the 4 
weeks of  exper imentat ion in animals on the saturated 
diet. This gradual  change in T b selection is likely to be 
caused by a gradual  change in b o d y  lipid composi t ion.  A 
gradual  change of the selected Tb was also observed in T. 
rugosa on an unsa tura ted  diet, which decreased the se- 
lected T b over a 2-week period (Geiser et al. 1992). Thus, 
bo th  digestibility of  dietary fats and b o d y  lipid composi-  
t ion m a y  play a role in the selection of  T b in lizards. 

H o w  could body  lipid composi t ion  affect the selected 
Tb of  animals? Composi t iona l  differences of  F A  in b o d y  
tissues may  affect access to fat stores which may  be diffi- 
cult to mobilise when they are in a rigid state. Large  
amoun t s  of  M U F A  and P U F A  in fat stores m a y  allow 
regulat ion at a low T b wi thout  negative effects on energy 
balance. As tissue F A  compos i t ion  was significantly af- 
fected by dietary lipids it is likely that  cellular membranes  
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were also influenced (McMurchie  1988; Geiser 1990). En- 
r ichment  of M U F A  and P U F A  in cellular membranes  
appears  to be a general requirement  for maintenance  of 
physiological  funct ion at low temperatures  (Hazel 1988). 
Moreover ,  it is well documented  that  the thermal  re- 
sponse of mi tochondr ia l  membrane-associa ted  enzymes 
are affected by the membrane  F A  composi t ion  (Mc- 
Murchie  1988). Therefore, A T P  produc t ion  and energy 
metabol ism may  be influenced by the F A  composi t ion  of 
mi tochondr ia l  membranes  and high amoun t s  of  P U F A  
may  improve mi tochondr ia l  function at low tempera-  
tures and thus allow selection of  low Tb. A n  alternative 
possibility is that  membrane  permeabil i ty is directly in- 
fluenced by the content  of  P U F A  and this m a y  influence 
cellular metabol ism at low T b (Hulbert  and Else 1989). 
Fur thermore ,  it has been demons t ra ted  that  the lipid en- 
v i ronment  sur rounding  neural receptors affects receptor 
binding activity (Loh and Law 1980). Thus, diet-induced 
changes in thermoregula t ion  m a y  be explained by 
changes in the F A  compos i t ion  of tissues and cellular 
membranes.  
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