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Abstract-l. The primary sites where lipid storage and utilization occurred in the gecko Gekko japonicus 
were carcass and liver. 

2. Annual cycles of lipid contents of the primary lipid reserves associated with winter hibernation and 
reproduction. 

3. Seasonal changes in caloric values of carcass, lean carcass, liver and gastrointestinal tract were 
correlated with lipid contents of these parts and seasonal conditions of individuals. 

4. Besides lipids, some other energy materials could he utilized for somatic maintenance during 
hibernation period. 

INTRODUCTION 

Keproductive demands and seasonal variation of 
food availability are the principal environmental 
determinants of seasonal conditions in most temper- 
ate reptiles. Many investigators have studied seasonal 
lariations of fat bodies and/or lipid contents (Hahn 
and Tinkle, 1965; Avery, 1970; Derickson, 1974, 
1976; Ballinger et al., 1981; Droge et al., 1982; 
Ballinger and Hipp, 1985; Loumbordis, 1987; Sceler, 
1987; Abts, 1988; Cruz et al., 1988), but studies of 
seasonal variations of caloric values of carcass and 
some organs in reptiles have been limited. Some of 
these investigators found that fat bodies and/or lipids 
were utilized for reproduction and/or somatic 
maintenance during the hibernation period. Most 
lizard species store lipids in abdominal fat bodies, 
carcass, liver and some other organs. There may be 
differential storage and utilization at different sites, 
depending on the life history of lizards (Hahn and 
Tinkle, 1965; Mueller, 1969). Derickson (1976) 
showed that there were four types of lipid storage and 
utilization patterns in lizards, including (1) no cy 
cling, (2) cycling associated only with winter hiberna- 
tron, (3) cycling associated with winter hibernation 
and reproduction, and (4) cycling associated only 
with reproduction. Cheng (1988), however, declcared 
that the lipid storage and utilization patterns of the 
three lizard species in Taiwan were different from any 
type of the Derickson’s four patterns. 

The aim of this study was to (1) identify the 
primary sites where lipids storage and utilization 
occurred in the gecko G. japonicus, a very common 
nocturnal species in Hangzhou, and (2) determine the 
annual cycles of lipid contents and caloric values of 
carcass and some organs of the gecko, and their 
relative importance to reproduction and hibernation. 

MATERIALS AND METHODS 

This study was conducted in Shanghai, China. Monthly 
samples of the gecko G. jupunif~~ were collected during 

1987-1988 on buildings in Hangzhou (30”16’N, 1209’E). 
Zhejiang province. Only sexually matured individuals with 
snout-vent lengths larger than 56.0mm were used in this 
investigation (Tokunaga, 1984). 

The collected geckos were weighed and autopsied in the 
laboratory. Carcass (including tail), liver and gastrointesti- 
nal tract were separated and weighed respectively. All of 
these potential energy reserve parts were dried to constant 
weight in an oven at 65°C and dry weight was obtained. Size 
and mass of follicles, yolked follicles, oviductal eggs and 
testes were noted. Carcasses and livers were ground in an 
electric mill, caloric values, including carcass, lean carcass 
(lipids were extracted), liver and gastrointestinal tract, were 
dete~in~ with a LR-2800 adiabatic bomb calorimeter 
manufacture by Changsha Instruments Factory. Ash was 
defined as residue remaining after combustion in the bomb 
calorimeter. 

Lipids stored in carcass and liver were extracted in 
Soxhlex apparatus at 55°C for 5.5 hr, absolute ether was 
used as solvent. After the extraction, the samples were dried 
in an oven at 65°C and weighed. The lipid contents were 
calculated as (extracted lipid mass/sample dry mass x 100). 
Lipids stored in liver were determined in three important 
stages during a year, i.e. peak vitellogenesis period, entrance 
to and emergence from hibernation. 

RESULTS 

The gecko G. ~~~~~~cu~ has no visible fat bodies, 
and most lipids are stored in carcass, especially in 
posterior parts of carcass, these parts include areas 
around posterior legs and tail. Liver is another 
important lipid reserve, which can store considerable 
amounts of lipid. Prior to hibernation, G. juponicus 
has accumulated great amounts of lipids in these 
lipids reserves. 

Carcass 

There was no significant difference in lipid contents 
(X2 = 0.4161, P > O.OS), ash-free caloric values 
(X2 = 2.7432, P > 0.05) and ash uncorrected caloric 
values (X2 = 3.4005, P > 0.05) of carcasses between 
males and females. There was also no signi~cant 
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difference in ash-free caloric values (X2 = 0.0085, 
P > 0.05) and ash uncorrected caloric values 
(X2 = 1.2464, P > 0.05) of lean carcasses between 
males and females. Although no significant monthly 
changes in lipid contents of carcasses occurred in an 
annual cycle [F(10,190) = 1.4081, P > 0.051, the lipid 
contents of males and females were identical with a 
peak in late November. Lipids stored at this site lost 
considerable mass during the hibernation period. The 
lowest amounts of lipids were recorded in late March, 
when the gecko emerged from hibernation (Fig. 1). 
No apparent correlation existed between testicular 
and ovarian activity and the lipid contents of males 
and females, although a decline was observed in early 
May, when active courtship, mating and maximum 
vitellogenesis activity occurred. 

Significant monthly changes in ash-free caloric 
values [F(9,138) = 5.8286, P < 0.011 and ash uncor- 
rected caloric values [F(9,138) = 4.7740, P < 0.011 of 
carcasses occurred in an annual cycle. Ash-free 
caloric values [F(9,131) = 11.8987, P < 0.011 and 
ash uncorrected caloric values [F(9,132) = 2.2723, 
P < 0.051 of lean carcasses were similar to those of 
carcasses (Fig. 2). The maximal caloric values of 
carcass occurred in late November, the value declined 
during the hibernation period, and reached a mini- 
mum in March. After emergence from hibernation, 
the caloric value increased, but remained at a rela- 
tively lower level than those during reproduction 
period (from late May to early August). The lowest 
caloric value of lean carcass occurred in late period 
of hibernation, whilst there was no significant differ- 
ence between other months. 

Organs 

Females had significantly higher lipid contents of 
livers than those of males’ (X2 = 4.5074, P < 0.05). 
The data of males were excluded from this paper, for 
the reason of their irregular monthly changes in this 
study. Ash uncorrected caloric values of females’ 
livers were significantly greater than those of males’ 
(X2 = 25.6097, P < 0.01). There was no significant 
difference in ash uncorrected caloric values of gas- 
trointestinal tracts between males and females 
(X2 = 0.0046, P > 0.05). Lipid contents of females’ 
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livers at the beginning of hibernation (15 Dec.) were 
significantly higher than those in late period 
of hibernation (31 Mar.) (t = 3.2109, P < 0.01, 
d.f. = 17) and those in the peak vitellogenesis 
(20 Apr.-5 May) (t = 2.9920, P -C 0.01, d.f. = 19). 
Lipid contents of females’ livers were similar both 
in late period of hibernation and in the period 

vitellogenesis 
T!able 1). 

(t = 0.5184, P > 0.05, d.f. = 12) 

Although no significant monthly changes in ash 
uncorrected caloric values of females’ livers occurred 
in an annual cycle [F(9,67) = 0.3956, P > 0.051 
(Fig. 3) the values were relatively greater in late 
November, declined during hibernation period, and 
increased after emergence from hibernation. These 
changes were similar to those of lipid contents of 
livers. In contrast to females, there were significant 
monthly changes in ash uncorrected caloric values of 
males’ livers, but the caloric values changed irregu- 
larly, and had a remarkably higher value in early 
August, when the gecko was in its late period of 
reproduction (Fig. 3). 

Significant monthly changes also occurred in ash 
uncorrected caloric values of gastrointestinal tracts 
[F(9,132) = 11.8322, P < 0.011, the caloric values ap- 
peared to associate only with hibernation, the maxi- 
mum value occurred in late November, while 
decreased rapidly during hibernation period (Fig. 4). 

DISCUSSION 

G. japonicus exhibit significant seasonal changes of 
lipid contents of carcass and liver. These parts of the 
gecko’s body are the primary lipid reserves. Lipids 
stored at these sites can be utilized for semantic 
maintenance during hibernation period and partially 
for the demands of reproduction. Peak period of lipid 
storage occurred well before late November, when 
hibernation begins. This pattern is similar to that 
observed in most temperate reptiles, and appears to 
belong to Derickson’s type 3, since the gecko utilizes 
considerable amounts of lipids during hibernation 
period and in the early period of reproduction (from 
late May to early June). 
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Fig. 1. Monthly changes in lipid content of carcass of the gecko G. japonicus. Mean & 2SE, sample size 
(number of geckos) as indicated in the figure. 
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Fig. 2. Annual cycles of caloric values of carcass (-) and lean carcass (----) of the gecko G. japonicus. 
Mean f 2SE, sample size as indicated in the figure. 

Several kinds of external and internal factors, e.g. 
photoperiod, ambient temperature, food availability, 
courtship, mating, sperm and egg development are 
believed to play an important role in determining 
lipid storage and utilization patterns of lizards (Litch, 
1966, 1967a, 1967b; Gorman and Litch, 1975; Ferrell 
and Meier, 1981; Ballinger and Hipp, 1985; Ballinger 
er al., 1981). In Hangzhou, ambient temperature and 
food availability appear to exert a strong influence on 
the annual changes of lipid contents of carcass and 
liver of the gecko. The gecko refused to take food 
when the temperature was below 13°C (Ji and Wang, 
in press), the temperature would coincide with that of 
late November, when the gecko entered hibernation. 
Another relatively lower lipid level of carcass oc- 
curred in May, which would associate with the period 

Table I. Lipid contents of females’ livers measured in I5 Dec. 
1987, 31 Mar. 1988 and 20 Apr.-5 May 1988. Mean + 2SE 

and range, number of determinations in parentheses 

15 Dec. 31 Mar. 20 Apr.-5 May 

63.0*6.0(13) 45.2 + 9.9 (6) 48.4 k 7.7 (8) 
31.7-73.5 25.g58.0 24.2-57.4 

of maximum vitellogenesis. After 27 May, 1988, lipid 
reserves increased steadily, this would be due to the 
relatively higher food availability. 

Seasonal changes in caloric values of carcass, lean 
carcass, liver and gastrointestinal tract were corre- 
lated with lipid contents and seasonal conditions of 
individuals. Maximum caloric values occurred in 
those having the highest level of lipid contents in their 
carcass and some organs and in those in the best 
conditions. Seasonal changes in caloric values of lean 
carcass appeared to associate only with hibernation. 
From this phenomenon, we can conclude that G. 
japonicus utilized not only lipids stored in the carcass, 
but also other energy materials stored at this site of 
the body for somatic maintenance during hibernation 
period, while the relative importance to reproduction 
of these materials are not as obvious as lipids, the 
latter are a very important energy source, which G. 
japonicus can utilize for somatic maintenance during 
hibernation period and for reproduction. In contrast 
to the caloric value of the carcass, the caloric values 
of liver and gastrointestinal tract appear to associate 
only with hibernation, the relatively greater caloric 
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Fig. 3. Monthly changes in ash uncorrected caloric value of the gecko’s liver. Mean k 2SE, sample size 
as indicated in the figure. Females = -, males = ----. 
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Fig. 4. Monthly changes in ash uncorrected caloric value of gastrointestinal tract. Mean + 2SE, sample 
size as indicated in the figure. 

values in other seasons are due to active metabolism 
during the period of reproduction, recrudescence and 
decrudescence of gonads. G. japonicus takes enough 
food in these periods to store excess assimilated 
materials in these organs. 

In summary, food availability and reproductive 
demands are the two ultimate factors that determine 
the seasonal changes of lipid contents and caloric 
values of carcass and some organs of the gecko G. 
japonicus. Lipids stored in the gecko’s body are 
strongly limited by reproductive demands and food 
shortage and by failing to take food at low tempera- 
ture during hibernation period. Many investigators 
have obtained similar results observed in this study 
(Litch, 1974; Derickson, 1976; Rose, 1982). Most 
temperature reptiles store energy materials after 
hibernation, others store these materials both 
after hibernation and after maximum reproductive 
activity. 
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