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A BSTRA CT 

Aerobic and anaerobic metabol ic  rates were determined at temperat u res between 20°C and 35°C for the 
viviparous l izard,  Lacer/a vivipara. Both parameters were found to be maximal  around the  preferred body 
temperature (30°C) wi th  a low t hermal  temperature dependence a bove PBT. It is noted t hat L. vivipara does not 
need a large rate of anaerobic support and aerobic metabolism could supply the energy needed for activity.  

I N TR O D UCTI O N  

The act ive oxygen consumpt ion of rept i les ,  
part icu larly l izards , exceeds the  res t ing (standard) 
oxygen consumption rate and the  aerobic scope (the 
d i fference between the  rest ing and act ive oxygen 
consumption rates) i s  maximal  around the preferred 
body temperature ( PBT) with a low thermal 
t empera ture dependence a bove th is  level  (Bennett  and 
Dawson , 1 976; Bennet t ,  1 982; A l-Sadoon,  1 983) .  
Max imal  aerobic scope tends  to be s tr ic t ly  temperat ure 
dependent in  rept i l es with t he except ion ofiguanid and 
agamid l i zards that can maximise th is  scope at the  PBT 
(Bennett ,  I 982).  l t  is a lso known that rept i les employ 
anaerobic  metabolic scope (which is derived from the  
d i fference in  lactate concentrat ion levels between 
active and rest ing l izards ) as a major energy source 
d u ring  t he in i t ia l  stages of forced act ivi ty (Bennett  and 
Li cht , I 972 ;  A l-Sadoon, 1 986) and the  tota l  metabolic 
scope (aerobic and anaerobic) is greatest at the  PBT 
(Bennett and Dawson,  1 972; A l-Sadoon,  1 986) .  

The  present study examines the  aerobic and 
anaerobic metabol ism of  the  viviparo us  l izard,  Lacerta 
vivipara (Jacquin)  to determine their  contributions t o  
the metabolic scope of th is species . .  

M ATERI A LS A N D  M ETH ODS 

Common l izards, L. vivipara, were  col lected from 
the  New Forest ,  Hampshire (Southern England)  and 
h oused i n  large tanks in  the  l aborato ry wi th  food and 
water ad lib. The l i zards remained in  good cond i t ion  
t h roughout the  experimental  period despite the  fact 
that  they were fas ted for at least 5-6 days preceding use.  
They were d ivided i nto two groups, one for the  aerobic 
measu rements and the other for a naerobic measure
ments .  

Aerobic measuremen I 

Oxygen consumption rate for rest i ng and active 
l izards was determined using ten l i zards a t  20°C, 25°C, 
30°C and 35°C in a double-chamber volumetric system 
(A 1-Sadoon and Spellerberg, 1 985,  a ,b  ) .  Estimations of 

active · metabolism were bbtained from l iza rds 
subjected to electrical stimu la t ion.  Each individual 
was weighed p laced into the sealed animal chamber of 
the volumetric system and were subjected to e lectrical 
shocks ( 1 0- 1 4  vol ts )  for at  least five minutes via smal l 
s ta in less steel pin e lectrodes conn ected to a stimu lat or. 
These reached the an imal  t hrough the top of the 
chamber and were i mplanted subdermal ly in to  its belly 
anterior to the hind l imbs to st imulate rapi d  movement 
(period of s t imula t ion) .  Thereafter,  oxygen con
sumpt ion determinations were taken every minute 
d u ri ng the  max ima l  activity period (a period of five 
minu tes ) .  Then the  l izard was l eft to rest for another 
five minutes (recovery period) and oxygen consumption 
was recorded every minute  dur ing this postactive 
recovery per iod .  The date were expressed as ml 02/g 
body weight/hr and correct ed to STP (see Fig. 2). 
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Fig. l Rest ing, act i ve metabol ism and  aerobic scope of 
adul t  and juvenile L. vivipara determined at  various 
temperatures. Each point represents the mean oxygen 
consumption of  a number of  l izards. Vertical l ines represent 
± standard errors. 
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Anaerobic measurement 

Total  l actate production at different temperatures 
was determined in the  whole body homogenates of 
res t ing and active l izards according to the  method of 
Bennett  and Licht ( 1 972) and the data were expressed 
as mg lactate/g body weigh t .  

Statist ical analyses o f  d ifferences between mean 
values of various groups at each temperature were 
performed using one-way analysis of variance 
(A NOVA) and were considered significant at P<0.05. 

RESULTS 

Resting and active oxygen consumption rates 

Mean values of res t ing o xygen consumption 
expressed as (ml  02  g- 1 hr- 1 )  were observed to increase 
with rising temperature from 20-35°C in both adult 
and juveni le  l izards ( Fig. 1 ) . During the first l -2 
m inutes of st imulat ion, t h e  l izards were cont inuously 
moving around the animal  chamber and the amounts 
of oxygen consumed during this  period were 
considered to represent the  active oxygen co"sumption.  
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Fig.  2 Oxygen consumption rate of s ix  male adult  L. vivipara 
prior to s t i mulat ion and at one minute  intervals, d uring 
5 minute  of st imulat ion and 5 minute of recovery. • resting 02 

This was also observed to i ncrease with nsmg 
temperature from 20-30°C, but remained almost 
constant (Q10= 1 )  at  30-35°C in both adult and juveni le 
l izards. The overall Q 1 0 values of active l izards were 
lower than those of rest ing ones (Table I )  and so were 
the  total  means for active oxygen consumption during 
five m inutes of post-act ivity (P<0.05) at al l  temperature 
levels tested ( Fig. 2). On the  other hand, the aerobic 
scope i ncreased with rising temperature from 20-30°C 
but dropped between 30°C and 35°C in both adult  and 
juveni le  l i zards (Fig. I ) .  

Resting and ac1ive lac/ale production 

Mean values whole-body l actate concentration 
expressed as mg lactate per gram body weight at 
d ifferent temperatures (20-35°C) for juvenile and adult 
l izards are shown i n  Fig. 3.  There was no significant 
difference ( P>0.05) in these values between rest ing 
adult or juvenile l izards over the entire temperature 
range, but t hey i ncreased i n  active ones a t  20-30°C and 
dropped between 30-35°C ( Fig. 3) .  The Q10 values for 
rest ing and act ive lactate concentrations are given in  
Table l .  
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Temperature Q 10 values for oxygen consumption Q10 values for lactate product ion 
interval Rest ing A ct ive A erobic scope 

(OC) juv .  adul ts  juv.  adults  juv.  adul ts  

20-25 1 . 3 3  1 . 45 1 . 3 3  2 .00 1 . 33 2.04 

25-30 1 . 50 2 . 40 J . 76 1 . 64 1 . 78 1 . 59 

30-35 2. 75 2 .40 0.93 0.97 0. 84 0.92 

Overall Q 10 (20-35) J . 78 2.03 1 . 30 1 .47  1 . 26 1 . 44 

R est ing Act ive 
juv.  adults  juv .  adu l ts 

1 . 50 1 . 05 1 . 40 1 . 35 

1 .00 1 . 52 1 . 06 1 . 40 

I .  1 6  0 .68 0.94 0.59 

1 . 20 l . 03 1 . 1 2 1 . 04 

A naerobic scope 
juv .  adults  

l . 35 1 . 65 

1 .09 1 . 32 

0.83 0.52 

1 .07 1 .04 

TA B L E  I :  Q 10 values for aerobic  and anaerobic metabolism of resting and active l izards of L. vivipara at various temperat ures. 
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Fig. 3 Whole-body lact ate concentrat ion of rest ing, active 
(st i mulated) l izards and the anaerobic scope of juvenile and 
adult L. i·ivipara determined at various temperatures. Each 
point represents the mean of several an imals .  Vert ical  l ines 
represent ± standard errors. 

The h ighest Q 1 0  values for active juven i le l izards 
were bet ween 20-25°C and between 25-30°C for active 
adults and the lowest were between 30-35°C for both of 
them.  The anaerobic scope values for both increased 
with rising temperature from 20.°C to 30°C and 
decreased at 35°C (Fig. 3) .  There was no sign i ficant 
d ifference (P>0.05) in the overal l  Q 1 0  values between 
active and resting lactate production in  either juven i le 
or adult l izards (Table I ) . 

DISCUSSJ ON 

The results indicate that the metabolism-temperature 
curves of both juvenile and adult L. vivipara are s imi lar 
i n  shape but those of the resting and active juveni les are 
above those of the adults. This may be explained by the 
weight-specific metabolism which varies inversely with 
body weight (mean weights of the adults and juveni les 
were 3. 8 and I . 4g respectively). Similar observations 
were made by AJ-Sadoon ( 1 983) for the desert sk ink ,  
Cha/cides oce//atus. 

The rest ing oxygen consumption values of juven i le 
and adult L. vivipara are in l ine with values reported 
for l izards of comparable s ize (see Andrews and 

Pough, 1 985). However, the active oxygen consumption 
data obtained in the present study are the first for any 
l izard of the size of L. vivipara . 

The aerobic metabolic scope for juvenile and adult 
L. vivipara was observed in  the present study to 
i nGrease with rising the temperature from 20°C to 30°C 
and the lizard appears to maximise this scope at its 
PBT which t hereafter became independent of 
temperature. The maximisation of  the  aerobic scope at 
the PBT is u nderstandable as, under natural 
condit ions,  most repti les are known to be capable of 
thermoregulation.  At temperatures exceeding the 
PBT, the aerobic scopes of several l izard species were 
shown to be temperature independent (Bennett and 
Dawson, 1 972; Wilson , 1 974; B ennet t  et  al. , 1 975; 
Bennett and Gleeson, 1 976; Al-Sadoon, 1 986). 

As in  the observations of Bennett and Licht ( 1 972) 
on six species of lizards of comparable size to 
L. vivipara, the present results show l it t le  variation i n  
resting lactate production between juveni les and 
adults .  On the other hand the anaerobic scope values 
of adult  L. vivipara reported in the present study are 
lower than those reported for l izards of similar size. 
H owever, comparison between the a naerobic scope 
values of juvenile L. vivipara (wt x I . 2g) with those 
l izards of similar size show l itt le variation (values for 
Xantusia vigilis (wt x l . 2g) were 1 . 19 ,  l . 32mg !act.lg 
(wt) at 20°C and 30°C respectively, and scope values of 
for Scince//a !at era/is (wt x I .  7g) were 0.94, 0 .88mg 
!act . lg (wt) at 20°C and 30°C respectively ,  Bennett and 
Licht, 1 972). This variation in the anaerobic metabolism 
between L. vivipara and other l izards of similar size 
cou ld be due to the method of measuring the anaerobic 
metabol ism iri these l izards. The previous anaerobic 
values (Bennett and Licht,  1 972) were calculated as the 
amount of lactate produced during activity to 
exhaustion by st imulating the animal for a longer 
period of t ime (4-6 minutes) .  These values were termed 
the 'anaerobic capacity'  whereas the  present values for 
L. vivipara are taken from stimulating the animals for a 
shorter period of t ime (2 minutes) .  Unl ike the aerobic 
scope, the anaerobic scope and the a naerobic capacity 
are less temperature dependent and are less than 
predicted for biological react ion rates i n  general.  The 
Q 10  ranges from 1 . 09 to 1 . 35 and from 1 . 32 to 1 . 65 
above 20°C in L. vivipara adults and juveniles 
respectively (Table l ) . However, the anaerobic scope 
h as very low temperature dependence (Q10  less than I )  
above the PBT. This temperature dependence i n  the 
anaerobic metabolism may be of great importance for 
t hese animals during activity, particu larly w hen 
avoiding predators and when the l izard's temperature 
is below the preferred levels. Simi lar observations were 
made by A l-Sadoon ( 1 986) on C. ocel/atus. 

The data obtained for L. vivipara (adults and 
juveni les)  during the in i t ia l  s tages of forced activity in 
the present study might indicate that the animals rely 
main ly  on the aerobic contribution of ATP (Table 2) as 
a m ajor source of energy at the voluntary body 
temperature (20°C to 35°C)  and that the A TP 
produced by aerobic, a naerobic and total metabolic 
scope for the animal  increases with rising temperature 
t i l l  reaching maximal levels at 30°C (PBT for 
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Ex per. A erobic scope A TP A naerobic scope A TP Total metabolic scope A TP 
Temp.  (µmole/g/2 m i n )  (µmole/g/2 m i n )  (µmole/g/2 min)  

(OC) juv.  (%) adults  (%)  juv .  (%) adu lts  ( %) JUV.  adults  

20 34.80 76  1 8. 1 7  74 1 0. 8 3  2 3  6 .34 26 45 .63 24. 5 1  

25 40. 2 1  7 6  26 .00 76  1 2. 5 9  24 8. 1 7  24 52 .80 34. 1 7  

30 5 3 . 7 5  80 32.86 78  13 . 1 5  1 9  9 .38 22 66.89 42.24 

3 5  49.49 80 3 1 . 03 82  1 2. 0 1  1 9  6 .80 1 8  6 1 .50 37 .83 

TA B LE 2 :  A erobic and a naerobic cont ribut ion  to t h e  tota l  metabol ic  scope during 2 min .  of act ivi ty i n  juveni les and adults of 
L. vivipara. 

L. vivipara, see A very , 1 979) before decl in ing at  
temperatur es above that  leve l .  At t h e  PBT, aerobiosis 
was observed in the present study to provide 78  per cent 
and 80 per cent of  t h e  total scope during t h e  two 
minutes of forced activity for adults  and juvenile 
L. vivipara respect ively ( Fig. 4). A s imilar  observations 
on other animals i ndicated that  aerobic scope 
accounted for m ore than 80 per cent of tbtal A TP 
produced during a 3 minu te  of act ivi ty in the Giant 
toad Bufo marinus (Mi l l er and H utchison,  1 980). 
Bennett and Licht ( 1 973) reported that Bufo boreas 
depend on aerobic metabol ism to sustain activity.  The 
larger values of the  aerobic scope i n  L. vivipara cou ld 
be related, to some extent ,  to t h e  behaviour of  this 
species i n  the  fie ld .  In i t s  natural habi tat of heathland, 
fi eld edges and wooded areas,  L. Fivipara is  a shutt l ing 
hel iotherm that emerges in sunny mornings to spend a 
considerable part of t he day basking,  foraging and 
feeding (Avery, 1 97 1 ) . I f  disturbed, its react ion is t o  
seek refuge within seconds . H ence, such type of 
behaviou r does not need a considerable rate of 
anaerobic support and aerobic metabol i sm alone is 
sufficient to supply the  requ ired energy. 
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Fig. 4 A erobic, anaerobic and  tota l  metabol ic  scope ATP 
generat ion during 2 minute  of burst  act iv i ty  i n  L.  vivipara 
(adul ts  and juveni les) .  A TP was measured by t h e  method of 
Bennett  and Licht ( 1 972) .  

M oreover, small l izard species had much greater 
aerobic scope levels than larger ones . Th is  difference 
may be related to the greater pressure from predation 
for smal l er an imals ,  and also the  capacity of larger 
l izards for defence against  predators. Also, other 
physiological functions such as oxygen t ransfer across 
the lungs , could be the  reason for this variat ion.  These 
considerat ions would also suggest t hat juveniles of 
L. vivipara would have much higher aerobic scope than 
adult  lizards. 
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A BSTR A CT 

Vi perin e  water snakes were studied by mark-recapture in a smal l  river i n  Eastern Spain from 1 98 1  to 1 983 ,  a 
period of drough t .  Observed growth rates between captures were low and highly variable.  Growth rings were 
counted in s k u l l  bones; narrow rings cou ld  not be found ,  and the  observed rings were probably from periods of 
faster growth or normal growth before t h e  drought .  The r ings predict t hat males and females reached maturity i n  
the ir  t h ird a n d  fifth years, respect ively.  T h e  effect of drought was greater o n  growth t h a n  o n  reprodu ct ion .  
M ovements of snak es captured several t imes at long in tervals suggest t hat the  home ranges of mature  males and 
fem ales were I 70m and 250m of  river, respectively, a l t hough some i ndividuals moved I km between years. A review 
of  pu blished data showed t hat widely foraging grass and garter snak es have greater displacements between captures 
than  t he more sedentary water snakes .  

There were est imated t o  be 1 060 and 390 adul t  males and fem ales in  t he main s tudy area,  which was a 2km lengt h 
of r iver which incl uded most of the  permanent unpol lu ted water i n  the  river system.  A n n ual survival of adult snakes 
remaining within the  study area was estimated as 0 . 53  ± 0. 1 6  and  0. 7 1  ± 0.25 i n  males and females,  respectively. A 
s i mple model of the  dynamics of t h is populat ion was developed from resul ts  on survival ,  recru i tment ,  growth and 
fecundi ty ,  as a hypothesis for further s tudy .  The model suggested that :  I )  There was dispersal of  adu l t  males but not 
adult  females - this was supported by the  populat ion s ize s t ru cture  i n  peripheral areas where mature females were 
scarce and which were probably stocked by dispersa l .  2) The n um ber of adult  males and females was stable or 
i ncreasing, and juvenile survival of about 0 .65 year- I would be n ecessary for total population stabi l i ty .  

INTROD UCTI ON 

The dynamics of snake populat ions have proved 
difficul t  to s tudy, as t hese animals are difficult  to fin d  
o r  catch ( especially juveniles),  t hey h ave slow growth 
wi thout  ex ternal indicators of age, and often show long 

seasonal  movements .  A fter surveying the  ava i lable 
data (which suggested tha t  those populations which 
had been s tudied were u nable t o  mainta in  themselves ) ,  
Turner ( 1 977) concluded 'one is left wi th  dist inct 
reservations as to the  sui tabi l i ty  of  snake populations 
for t his sort of  ecological endeavour' .  A ft er t he 


