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ABSTRACT 

Absorption efficiency of viperine snakes feeding on goldfish increased slightly with temperature, the rate of 
digestion increased greatly. Digestion was partial at l 5°C and sometimes followed by regurgitation: at 10°C all prey 
were regurgitated. Prolonged basking in N. maura in the field probably serves to increase the speed of digestion. The 
metabolic cost of maintaining a high body tern perature (Tb) during digestion is equivalent to 4 per cent of t he energy 
of the prey. 

The level and time course of raised oxygen consumption (V02) following feeding on fish varied with Tb, being 
large and short lived (2 days) at 35°C, small but long lasting (10 days) at 15°C. The total energy cost of this raised 
V02 accounted for 28 per cent of the energy in the food. V02 during maximal activity after feeding at 35°C was 
greater than that of post-absorptive snakes, indicating that the capacity for oxygen exchange does not limit the 
active metabolic rate of N. maura. There was no depression of oxygen consumption during hibernation. 

Food consumption could not be satisfactorily estimated from the proportion of snakes (a) found handling prey or 
(b) with prey in the stomach. Data on metabolic costs, reproductive effort and growth are combined to give an 
energy budget for N. maura. The energy turnover was about a third of that predicted from studies of lizards. Snake 
and lizard energy budgets differ in the ratio production/assimilation; this was 0.41-0.57 in four snakes, and 
0. I 3-0.18 in six lizards. Snakes have lower energy turnover, but allocate a greater proportion of this to reproduction 
and growth. 

INTRODUCTION 

The snake Natrix maura basks for long periods, the 
purpose of which has been suggested to be to help 
digestion (Hailey & Davies, 1987a). The first aim 
of this paper is to examine the temperature -
dependence of digestion in this species. Raised V02 
during digestion (the Specific Dynamic Action: 
Kleiber, 1975) is another route of energy loss during 
digest ion. This is seldom measured, 

·
although in 

mammals (Kleiber, 1975) and fish (Jobling, 1981) it 
may account for more energy than loss in faeces. 
Specific dynamic action was therefore measured in 
N. maura at different temperatures. 

There are several studies of food intake and growth 
(Dmi'el, 1967; Barnard, Hollinger & Romaine, 1979) 
and energetics (Gehrmann, 1975; Smith, 1976) of 
snakes in captivity, but little information on the 
ecological energetics of wild snakes (Congdon, 
Dunham & Tinkle, 1982). The only exceptions are 
food consumption estimated from metabolism and 
production of Vipera (Pomianowska-Pilipiuk, 1974), 
and from proportion with prey and rate of digestion of 
Regina (Godley, 1980). The final aim of this paper is to 
construct an ecological energy budget for N. maura 
from data on thermoregulation and metabolism, 
growth, reproduction, and feeding. 

METHODS 

FIELD OBSERVATIONS 

Natrix maura were studied in the river Jalon, Spain. 
All snakes handled were palpated for prey in the 
stomach, and all snakes seen were noted, including 
those handling prey. Diet and foraging behaviour have 
been described previously (Hailey & Davies, l 986a). 
Sloughing state was noted for all snakes handled. Of 
the three stages of the sloughing cycle (pre-moult J, 
skin cloudy; pre-moult 2, skin clear before sloughing; 
intermoult, after sloughing; respectively PM I, PM2 
and IM -Taylor & Davies, 1981), only PMJ could be 
recognised in the field, PM2 and IM being 
indistinguishable. 

ENERGETICS 

Digestion. Absorption efficiency (AE) and time to 
first faeces at different temperatures were measured in 
20-30g snakes fed on 2-3g goldfish, in constant 
temperature rooms, as described by Hailey & Davies 
(1986b). Snakes would not feed readily at 15°C, and 
not at all at 10°C, and so they were fed at 25°C and 
their cages were moved to other rooms. Ten snakes 
were used at each temperature. 

Maintenance requirements. Snakes were kept at 
constant 25°C in 42 x 22 x 25crn cages, with a water 
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dish and newspaper substrate and cover, and fed whole 
or pieces of goldfish just sufficient to allow them to 
maintain weight. Each snake was given food equal to 
5-10 per cent of its initial weight. It was reweighed 
every 2-3 days, and fed if it was below initial weight. 
After three weeks snakes were fasted until they were 
back to the initial weight. The weight of food 
consumed over about four weeks was converted to 
energy per day, using the relation lg live goldfish = 

4.0 KJ (Hailey & Davies, I 986b ). 
Energy contents. Sloughed skins from captive snakes 

were dried to constant weight at 70°C. The energy 
content of five skins was determined using a Parr semi­
micro bomb calorimeter. Five apparently healthy 
snakes died in captivity as a result of accidents, and 
these were used for determination of the lean body 
energy content. Fat bodies were removed, the snakes 
were dried at 70°C, powered, pelleted and used for 
bomb calorimetry. 

V02 DURING HIBERNATION 

A group of I0-25g snakes were imported in October, 
and maintained for three weeks in a IOL: 14D 
photoperiod with 5h per day heating from a 250W 
reflector lamp and background temperature of I 5°C. 
Those in poor condition were fed on goldfish. 
Standard metabolic rate (SMR, resting in daytime in a 
darkened chamber) was measured at l 0°C and I 5°C in 
constant pressure respirometers, as described by 
Hailey & Davies (I 986c), with snakes fasted for at least 
7 days and rested overnight at the test temperature. 
These were the co)ltrol pre-hibernation or 'Autumn' 
conditions. 

Two groups of ten snakes each were then placed in a 
15°C constant temperature room. One group were in a 
cage filled with dry straw (with a jar of water for 
humidity) covered with a dark cloth, to stimulate 
hibernation (OL: 24D photoperiod group). The other 
group were in a transparent cage with newspaper 
substrate and a water dish, to stimulate positive 
acclimation, i.e. raised V02 to compensate for low Tb 
rather than lowered V02 during dormancy. This was 
the 12L: 12D photoperiod group. The OL: 24D 
experiment was repeated with 15 snakes at 10°C. All 
rates were corrected to STP. 

SPECIFIC DYNAMIC ACTION 

The increase in V02 after feeding was measured in 
constant pressure respirometers (I 5°C) or in an oxygen 
analyser (25°C and 35°C), as described by Hailey & 
Davies (1986c). Six 25-35g snakes acclimated to 
constant 25°C were each fed a single 3.5g goldfish and 
placed in a darkened respiration chamber at the 
appropriate temperature. Resting V02 was measured 
four hours later. Thereafter V02 was measured at 
intervals of 24 (25°C and 35°C) or 48 (I 5°C) hours. 
These measurements were made in the morning, then 
the snakes were placed in cages at the experimental 
temperature and allowed to drink. They were replaced 
in the respiration chambers in the evening to be rested 
for the next days measurements. 

In a separate experiment, the effect of SDA on V02 
during maximal activity was measured, to see if SDA 
would decrease performance. V02 during maximum 
activity four hours after feeding at 35°C (the 
temperature at which aerobic scope is maximal) was 
measured with the oxygen analyser, as described by 
Hailey & Davies (1986c). 

RESULTS 

FIELD OBSERVATIONS 

In both the hot season (the months JJAS) and at 
other times (the months MAMO), large snakes were 
more likely to have prey in the stomach on capture 
than were small snakes (Table I a, G tests of the seasons 
separately, P>0.05; combined data P<0.05). Prey of 
large snakes are absolutely larger, and take longer to 
digest, than those of small snakes, even though of the 
same relative size (Hailey & Davies, 1986a,b). They 
therefore remain in the stomach longer, and larger 
snakes are more likely to be found with food in the 
stomach. Female N. maura did not have reduced food 
consumption in June (Table lb), the month when 
follicles reach maximum size (Hailey & Davies, 
1987b). 

Few snakes were seen in PM 1 (0.8 per cent of 2368 
captures, excluding juveniles <4g), suggesting that 
they are inactive and secretive in this state. Other 
snakes have been found to have lower selected Tb 
during PM I (by about I 0°C: Kitchell, 1969), related to 

a) <4g 4- 1 5g 1 5 -40g >40g 

JJA S 2.3 (44) 5.0 (704) 6 .5  (506) 7 .5 ( 1 99)  

MAMO 5 .7  (53 )  4 .2  (409) 6 .5  (354) 8 .7  ( 1 96) 

Total 4. 1 (97) 4.7 ( 1113) 6.5 (860) 8. 1 (395) 

b) M ature females Others p 

June 1 1 . 0  (75)  6.0 (268) >O.I 

Rest of year 5 .3  (302) 6.3 ( 1 820) >0. 5  
p >O.I >0.9 

TAB L E  I :  The percentage of N. maura which had prey in the s tomach on captu re. a) Variation with sn ake weight and season (the 
warm months JJ AS vs the cool mon ths M A M O).  b) The effect of gravidity: mature females vs other snakes, durmg and outside 
the reproductive period, with P from G tests. Number of s nakes in brackets. 
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secretive behaviour. Only five shed skins were found 
during this study, in an area containing thousands of 
snakes (Hailey & Davies, 1987c), also suggesting 
that sloughing occurs in inaccessible places . Juvenile 
N. maura were usually inactive when found anyway, 
and l I per cent (of 97) were in pre-moult I. 

ENERGETICS 
Diges1ion. Absorption efficiency ((C-F)/C, where C 

is consumption and F is faeces) of energy varied less 
with temperature than did the time to first faeces 
(Table 2). Two out of ten snakes regurgitated fish half 
way through gastric digestion at 15°C, and at 10°C all 
fish were regurgitated within a few hours. 

Maintenance in capavity. The food consumption 
necessary to maintain weight in small cages at 25°C 
was described by: 

Log Food (KJ.day-1) = 0.72 Log Weight -l.25 
based on 15 males and I 0 females, r = 0. 97 (Fig. I). The 
cost of standard metabolism of constant 25°C 
acclimated N. maura is also shown in Fig. I, from 
Hailey & Davies ( l  986d), using the conversion lml 
02 = 201: 

Log SMR (KJ.day-1) = 0.75 Log Weight -1.35 
Thus maintenance requirements in capitivity were very 
little greater than those due to standard metabolism 
alone: 1.23 and 1.10 times S M R  for 2g and lOOg snakes, 
respectively. 

A bsorption Time to first 
oc Efficien cy faeces 

1 0  0 Regurgitated 

15 85 (4.4)* 4.0 (3 .0-5.0) 

20 90 (2.8)  2 . 5  (2 .0-3. 5) 

25 92 ( 1 . 5)  1. 3 (0. 8-1. 5)  

30 95 ( 1 . 1 )  1.0 (0.7-1.2) 

35 95 (I.I) 0. 8 (0. 5-1.0) 

* n = 8, excluding two snakes which regurgitated h alf-digested 
fish .  The mean absorption efficiency inclu ding these values 
becomes 78 per cent. 

TAB LE 2: Digestion of goldfish by N. maura at different 
tempera! ures. The absorption efficiency of energy (%, with 
SD) and time to first faeces (days, with range) are shown; ten 
snake used at each temperature. 

Energy contents. The energy content of the lean body 
was 19.2 KJ.g dry weight-1 (SO= 0. 74). Dry weight 
accounted for 24. 7 per cent (SO= 0. 34) of live weight, 
giving 4. 74 KJ .g live w-1• Sloughed skins had an 
energy content of 24.2 KJ.g dry w-1 (SO= 0.4). The 
weight of dry skin S was related to live weight (in the 
range 6-105g) by: 

Log S = 0.905 log W -l.96 (r = 0.99, n = 14) 
The energy content of sloughed skin (KJ) was 
therefore related to live weight by: 

Energy in skin = 0.264 wo.9o5 
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Fig. I Food consumption for maintaining weight in smal l  
cages at 25°C o males •fem ales. Solid l ine i s  regression fit, 
dashed l ine is the energy equivalent of S M R  (equ ations in 
text) .  

HIBERNATION 
Oxygen consumption during hibernation at l 0°C 

and I 5°C was not lower than that of snakes in autumn 
conditions, or in similar conditions in spring (Table 3). 
These values have been weight-corrected using the 
exponent 0. 75 which has been found for N. maura at 
several temperatures and acclimation conditions 
(Hailey & Davies, l 986c). No reduction in V02 during 
hibernation has also been found in the warm temperate 
Natrix piscator (Thapliyal & Sharan, 1980). 

Photoperiod: 

15°C 

Autumn 

2 weeks 

4 weeks 

Spring* 

10°c 

A u tumn 

2 weeks 

4 weeks 

Spring* 

1 2L: 120 

47 ( 14,10) 

40 (21, JO) 

45 ( 13, JO) 

37 ( 14,15) 

19 (18,15) 

O L :  240 

34 (23, JO) 

39 (25, JO) 

45 (12,JO) 

15 (18,15) 

- 22 (25,15) 

23 (21,15) 

*Spring results are from H ailey & Davies (1986c) 

TAB L E  3: Weight-corrected oxygen consumption during 
_h ibernation. A l l  entries are µJ.g-0·75.h -1 (with coefficient of 
variation = SD x, number of snakes). 

SPECIFIC DYNAMIC A CTION 
V02 in standard conditions was elevated for several 

days after feeding (Fig. 2). The total volume of oxygen 
consumed above S M R  (the area under the curves in 
Fig. 2) is shown in Table 4. 

V02 during maximal activity four hours after 
feeding at 35°C was significantly greater (t test, P<0.01) 
than the active metabolic rate (AM R )  of 25°C 
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acclimated post-absorptive snakes (from Hailey & 
Davies, I 986d). When the SDA had been subtracted, 
however, maximal V02 after feeding was less (P<0.01) 
than AMR. V02 in ml.g-0·75.h-1 (with SD, n) were: 

a: :i: Ill 
• > 0 .D 0 
c 2 
ii 
E :> .. c 0 u 
c • OI >-)( 0 

After feeding 2.22 (0.23, 6) 
Minus SDA 1.31 (0.28, 6) 
AMR 1.73 (0.31, 15) 

10 
I .c 

'E 
5 

0 
0 5 

• 35 •c 
o 25 •c 
x 15 •c 

Ooys after ingestion 
10 

Fig. 2 Time course of i ncreased oxygen consumption after 
feeding at three temperatures. Mean ±I S .D. 

DISCUSSION 

DIGESTION AND THE COST OF BASKING 

Temperature affects the rate of digestion (time to 
first faeces) more than absorption efficiency in 
N. maura, and at low temperatures digestion is 
incomplete and the food is regurgitated. A similar 
pattern has been found in other snakes: Skoczylas 
( 1970); Goodman ( 1971 ); Greenwald & Kanter (I 979); 
Naulleau (1981); Stevenson, Peterson & Tsuji (1985). 

Cost of S DA 

Together with the thermophilic behaviour of snakes 
after feeding (e.g. Regal, 1966; Lysenko & Gillis, 1980), 
this suggests that basking is often to speed digestion in 
these animals. Basking N. maura are more likely to 
have prey in the stomach or void faeces on capture 
than other individuals (Hailey & Davies, I 987a). 

In this case, the metabolic cost of high Tb during 
basking may be deducted from the energy content of 
the food (analagous to the energy lost from the SDA). 
It is assumed that a basking snake raises its Tb from 
l 8°C to 28°C. The former is the mean daytime water 
temperature during the months March to June, when 
basking is most common (Hailey & Davies, 1987a: 
the latter is the mean T b_of basking N. maura (Hailey 
& Davies, 1986d). SMR at 18°C and 28"C is about 
0.056 and 0. l 58ml.g-0·75.J1-1 (Hailey & Davies, l 986c), 
so basking costs O.lOmJ.g-0·75.h-1, = 11 J.h-1 for a JOg 
snake. The rate of gastric digestion is 14 per cent of 
body weight per day for a snake of this size at 25°C 
(Hailey & Davies, l 986b ). Digestion was 1.3 times 
faster at 30°C than at 25°C (judged by the time to first 
faeces), by interpolation 1.2 times faster at 28°C than 
at 25°C. In one hour at 28°C a 10g snake would thus 
digest 0.07g of fish, with an energy content of 280J. 
The 11 J increased SMR is 3.9 per cent of the gross 
energy of the food. Thus the cost of basking is rather 
small, especially when compared to the energy lost 
during absorption (Table 2) and from the SDA 
(Table 4). 

SPECIFIC DYNAMIC ACTION 

Previous studies of the SDA in reptiles have 
measured the factorial SDA, i.e. V02 after feeding 
divided by SMR. Here, this has been calculated using 
the maximum observed V02 after feeding (4h, 1 day 

SMR Extra V02 Factorial 
oc (ml02) (KJ) (% Tota l )  (mJ.g-0.75. h-I) (mJ.g·o.1s.h-1) SDA 

1 5  1 20 2.4 1 7  0.037 0.062 2.7 

25 230 4.6 33 0. 1 3  0 .42 4.2 

35 230 4.6 33 0.3 1 0.73' 3 .4 

TA BLE 4: Total  oxygen cost of S DA ,  and factorial SDA, of N. maura fed 3 .5g ( 1 4  KJ) goldfish at three temperatures. The cost of 
the SDA is also shown in terms of energy ( KJ) and as a proportion of the total energy content of the prey. Factorial SDA is  the 
peak V02 after feeding as a mult iple of SMR.  S M R  from H ailey & Davies ( 1 986c), corrected to lg. 

Genus Food 

Ura meal worm 

Ano/is meat 

Cai man rodents 

AlligaTOr fish 

Alligator meat 

Natrix fish 

Python rodents 

*Median value, with range 

S DA 

1 . 3  

1 . 4  

1 . 6  

2 . 3 *  ( 1 . 7-3.0) 

3 .0  

3 .4  

5.0* ( 3-7) 

Source 

Roberts, 1 968 

Coulson & H ernandez, 1 980 

Gatten , 1 980 

Coulson & Hernandez, 1 979 

Coulson & Hernandez, 1 980 

this study 

Benedict, 1 932 

TA BLE 5: Pu blished values of factorial SDA i n  reptiles; ranked in increasing order. 
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and J. 5 days after i ngest ion  a t  35 ,  25 and  15°C, 
respectively) ,  and SMR of constan t  25°C a ccl i mated 
N. maura from Hai ley & Davies ( i 986d) (Table 4). 
Mean factorial  SDA was 3.4 t imes. 

Values from other carnivorous rept i les a re ran ked in  
Table 5 .  Differences between the  m a i n  taxa are t hereby 
shown: sna kes have the  h ighest factorial  SDA,  
crocodi l ians intermediate and  l izards l owest , seemingly 
i ndependent of diet .  This probably reOects d ifferen ces 
in t h e  level of SMR in t hese groups (Coulson & 
Hernan dez, 1980). For a given level o f  ex tra V02, 
factorial  SDA wi l l  be greater in an anim a l  with a l ow 
S MR; for example, SMR of snakes is about ha l f  that  of  
l izards of  si mi lar size (Bennett & Dawso n ,  1976). 

Ecologically, the most interest ing aspect of  the S D A  
is t he proport ion of food energy Jost in th is  way . M ost 
studies of ecological energet ics in terpret e i ther energy 
absorbed (C-F) or assimi la ted (C-F U )  as uti l i zable 
energy. This energy must be channe l l ed to  respirat ion 
or production, bot h  regarded as useful . H owever, the 
energy of SDA is unusable to  an ectotherm, and is Jost ; 
in an endotherm the heat generated is useful , saving 
o ther energy from bei ng used for th is  purpose. Even an  
I 8kg Pyt hon h as Tb raised by l ess than 2°C a fter 
feeding (Marcell ini & Peters, 1 982), though this species 
conserves heat  by t ight coi l ing after feeding.  The raised 
Tb is not accompanied by muscle spasms, which cause 
heat product ion in brooding pyt h o ns (Hutchison, 
Dowling & Vinegar, l 966) .  Thi s  thermal advantage 
would be negligible for a smal l  rept i le .  

On average 2 8  per cent of the  tota l  energy of  food 
was lost as SDA in N. maura (Tabl e 4). This h igh value 
may be att ributed to the  chemical composit ion of the 
goldfish , which had a low energy content (4.0 KJ .g  l ive 
weigh t - 1 )  suggest ive of low fat content ,  and were 
probably most l y  prote in .  Mammal s  l ose 3 0  per cent of 
the energy of protein as S D A , compared to  o n l y  4 per 
cent for fat (Kleiber, 1975). Energy l ost as  SDA has not 
previously been measured in  rept i l es, but may be 
est imated from the t ime course o f  \102 in Fig. 1 of 
Coulson & Hernandez (1980). Ano/is and Alligator 
were fed 5 per cent of  the ir  body weight of lean meat 
which, assuming an  energy content of  5 KJ .g-1, gives an  
energy loss of about 18 per cent  and 26 per cent  of  the  
en ergy of the food. Losses as SDA i n  Alligator are thus 
si mi lar  to those found for N. maura here.  Jobl ing 
( J 98 J)  reviews data for n ine  species of  fish, which lost 
on average 13 per cent (range 9 . 5- 1 9  per cent)  of food 
energy as SDA . 

There were two interest ing effect s  of S DA o n  
maximum \102 during activity .  First l y ,  the t o t a l  V02 
during act iv i ty  after feeding was greater t h an the  A MR 
of a post-absorpt ive snake at 35°C, the  temperature at  
which A MR is maximal . Thus A MR i n  N. maura is not 
l imited by the capacity for oxygen exchange in the  
l ungs, or by oxygen transport by  t h e  bl ood, but rather 
by the capacity for work of the muscles or the rate of 
oxygen supply within the muscles. 

Secondly, the V02 avai lable for work during 
maximal  activi ty (after the  SDA was subtracted) was 
l ower than  A MR. This suggests that  the oxygen 
exchange capaci ty  of N. maura is fu l l y  used after 
feeding,  as oxygen exchange is t h e  on ly  system 

common to \102 arising from S D A  and from activity .  
If oxygen exchange were not l i m it ing.  \102 after 
feeding would be expected to be the sum of SDA and 
AMR. Thus the  reduced capacity for movement found 
in recently-fed garter sna k es (Garland & A rnold, 1983)  
may reOect a physio logical  l i m i ta t ion as well as the 
physical cost of carrying a weigh t .  

Fooo CONSUMPTION 

Two est imates may be made of  food consumpt ion;  
from sna kes handl ing prey when sighted, and  from 
snakes with prey i n  the  sto mach  on capture, detai ls of 
which are given by Hailey ( 1 984) .  

Handling prey. Food intake during foraging may be 
est imated from the proport ion of foraging snakes 
(taken as a l l  t hose in water) which were h andli n g  prey, 
toget her with the rate of  food i ntake  during ingestion. 
Overal l ,  l per cent of  foraging snak es were h andling 
prey, independent of  snake  size ( Hai ley & Davies, 
I 986a), I f  wild N. maura were foraging for 12 hours a 
day t h ey would ingest 36 per cent o f  body weight per 
day, more than the maxim um rate of food processing 
(Hai ley & Davies, 1 986b). Foraging m ust t herefore 
account for l ess t h an 12 h ours per day,  or snakes 
handling prey are more conspicuous. 

Prey in the s tomach. Food i ntake  may be est imated 
from the proportion of  snakes which had prey in the  
stomach (Table I ), together with the  ra te  of  gastric 
digestion (Godley, 1980). The est imate for 4- 1 5g 
N. maura is 0 .66 per cent of body weight per day, or 
14 KJ.g-0·75.year-1 for an act i ve season of 245 days. 
A fter losses in digest ion only 6 KJ.g-0·75. year-1 would 
be avai lable to the  snak e ,  o n l y  ha l f  of the annual 
main tenance cost. This suggests that  sna k es d igesti ng 
prey are more difficult to locate;  secretive basking i n  
cover m a y  be correlated to  the ir  reduced capacity for 
act ivity.  

ENERGY BUDGET COMPONENTS 

The components of an energy budget for a female 
N. maura at different ages can now be est imated ( Fig. 3) .  

Respiration: maintenance 

A nnual ma intenance costs based on water tem­
peratures and SMR are JO KJ.g-0 75. year-1 in  N. maura 
(Ha i l ey,  1 984), 1 5  per cent of which  occurs during the  
h ibernation period (33  per  cent of  the year). 
Maintenance during daily inactivity and h ibernat ion 
wi l l  be equivalent to that  of snakes in water at t h e  same 
t ime, as water and refuge temperatures were simi lar, 
and t here was no reduct ion of  m et abolism below SMR 
during h ibernat ion.  

Respirarion: activity 

A ddit i onal  metabol ic  expenditure from raising Tb 
above water temperature is treated as a loss from the '
energy in food during  digest ion  (above) .  V02 during 
activity has been estimated as about 2.5 x SMR i n  
l izards, (references in Ha i l ey ,  Rose & Pulford, 
1987), i . e .  the  extra cost of act iv i ty  is 1 .5  x SMR. 
The cost of movement is low i n  snakes, about ha lf  of 
t h a t  of  a l izard of equivalent size (Chodrow & Tay l or, 
1 973) .  Together with the  low energy use in captivity, 
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th is suggests that  the cos t of activity wil l  be low in 
N. maura, and a value of 1.0 x S M R  is used to s im ulate  
t he extra cost of activi ty .  A ctivity is assumed t o  occu r 
for 12 hours per day, evenly spread between day and 
n ight ,  and would thus cost 4 . 2 KJ .g-0·75 . year- 1. 

Production: sloughing 

The cost of sloughing may be est imated from the 
proportion of snakes observed in pre-moult I. This 
stage lasts one week in  a thermoregulatory regim e  
(Brown, 1956; pers. obs.), suggesting that juvenile 
N. maura s loughed every nine weeks ,  about four times 
per year. This is 2. 0 KJ.year-1 for a 2g snake, or 
1.2 KJ.g-0.75.yearl. In the absence of other data, this 
value is used for snakes of all sizes. The cost of a skin is 
nearly directly proportional to snake weight in 
N. maura, but adults may shed less frequently. Adult 
natricine snakes slough every 20-50 days in a 
thermoregulatory regime in captivity with a good 
supply (Brown, 1956; Semlitsch, 1979), but this may be 
reduced with natural food levels. 

Production: growth and reproduction 

Age-specific energy use in growth and reproduction 
is estimated from the relation between age and snout­
vent length SVL (Hailey & Davies, 1987c), and 
the equations for SVL-weight and SVL-fecundity 
(viable follicles only) of Hailey & Davies (1987b) 
(Table 6). Production of growth (Pg) is the increase of 
weight between years in relation to the median weight 
over that interval, with the tissue energy content of 
4. 74 KJ.g live weight-I. Production of reproduction (Pr) 
uses the value one egg = 24 KJ (Hailey & Davies, 
1987b). Pg and Pr have been weight-corrected with an 
exponent of 0. 75. 
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Fig. 3 Proportional al location of en ergy in fema l e  N. maura 
of different ages. R espiration totals 14. 2  KJ.g-0·75.y ear-1, of 
which 10% is for hibernation, 60% for maintenance, and 
30% for activity .  

SIZE O F  SNAKE ENERGY BUDGETS 

The size of the total  energy budget of female 
N. maura increases from about 20 KJ.g-0.?5. year-1 before 
maturity and after growth ends, to about 
28 KJ.g-0-15.year-1 when both reproduction and growth 
occur (Table 6). If on average energy u sed is  
24 KJ.g-0.75.year-1, and food intake occurs over 67 per 
cent of the year, then utilizable energy i n take  in 
N. maura is about 0 .10 KJ.g-0·75.day-1• This  m ay be 

compared with a mult i-species est imate for l i zards 
from Turner,  Medica & K owalewsk i ( 1976): 

Util izable energy intake = 0.32 K J .g-081.day-1 
Thus ut i l izable energy intake of a J g  N. maura is only 
3 I per cen t  of that of a l g  l izard, fal l ing sl ightly to 
27 per cent  and 24 per cent  for JOg and IOOg animals,  
respectivel y .  This is readily accounted for by the  low 
standard metabolic rates, low body temperatu res, and 
(assu med) low factorial scope for routine act ivi ty in 
th i s  reptile. Similar conclusions are reached by 
considering field metabolic rates, for which N agy 
( 1 982) has summarised the data on iguanid l izards as: 

Field metabolic rate = 0. 22 KJ .g-0·80.day- 1 
Natrix maura of different  ages use 50-77 per cent (mean 
59 per cent )  of the total  energy budget in metabolism 
(Fig. 3), so the fie ld metabol ic rate is about 
0.06 KJ .g-0· 75.day-1. This is  27, 24 and 22 per cent of 
that of lizards, for 1, 1 0  and lOOg animals, respect ively. 

Only two studies present sufficient information t o 
calculate the energy utilization of other snakes .  Data 
on growth,  reproduct ion and metabolism from 
Pomianowska-Pilipiuk (1974) allow an estimate of the 
energy budget of an 86g female Vipera berus at  
1310 KJ.year-1, equivalent to  46 KJ.g-0·75.year-1• Godley 
( 1980) estimated digestible food intake of 7.3g Regina 
al/eni to be 19.6 KJ.g-1.year-1 (mean of spring, autumn 
and winter values), equivalent to 32 KJ.g-0 75.year-1• 
These values are m ore s imi lar to N. maura than to 
l izards. 

Information on energy budget components in the 
wild is avai lable only for Vipera (Pomianowska­
Pilipiuk, 1974). Data are also available for Elaphe 
guttata and Heterodon platyrhionos in captivity 
at constant 25°C; these have been adjusted for the 
difference between budgets based on assimilated food 
intake and on production and SMR (Smith, J 976), 
which is assumed to be due to metabolism during 
activity. The percentages due to different components 
were: 

Natrix Vipera Elaphe Heterodon 

S kin 4 JO 2 7 

R eproduction 31 19 

j 55 } 34 
G rowth 13 21 

R espiration 52 50 42 59 

The production/assimilation ratios for t hese four 
snakes were therefore 0 .48, 0.50, 0.57 and 0.41. These 
values are three times greater than those reported for 
lizards: 

Sceloporus (3 spp) 
Urosaurus ornatus 

Uta stansburiana 

Chalcides bedriagai 

0.13-0. I 7 Congdon et al ,  I 982 
0.14 Congdon et a l ,  1982 
0. 18 Turner et a l ,  1976 
0.15 Hai ley,  Rose & Pulford, 

1987 

Thus there seems to be a clear difference between the 
ecological energetics of snakes and lizards. Lizards 
have h igher metabolic rates (Bennet t  & Dawson, 1976) 
and e nergy turnover, but al locate a smal l er proport ion 
of  th is  turnover to  product ion.  The ecological 
energetics of widely-foraging snakes which maintain 
high body temperatures (e .g .  Coluber) would be of 
interes t ,  to show whether this difference merely reflects 
the l ifestyles of the snakes studied so far .  
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Age,x  SVL w Fecund i t y  E nergy (KJ .g--0·75 .yeac1 ) 

(years) (cm) (g) (viable eggs) pg P, Tota l 

0 1 3  I. 8 0 

6 .5 0 2 1 . 9  

20 5 .4 0 

4 .3  0 1 9. 7 

2 25 9 .5  0 

.1 .2  0 1 8 . 6  

3 29 1 4  0 

3 .8  0 1 9. 2  

4 33 2 1  0 

3 .8  8 .9  28 .  l 

5 37 30 4.2 

3 .7  9 .2  28. 3 

6 4 1  4 1  5 .6  

3 .6 9. l 28. 1 

7 45 55 6. 8 

3 .6  8 .8  27. 8 

8 49 72  8 .2  

3 . 5  8 . 4  27 .3  

9 5 3  9 2  9 . 6  

3.4 8. l 26.9 

1 0  57  l 1 6  1 1 . 0  

3 . 4  7 . 7  26. 5 

1 1  6 1  1 44 1 2.4 

3 . 5  7 .3  26 .  l 

1 2  65 1 77 1 3 .6  

0 6.8 22. 2 

1 3-20 65 1 77 1 3. 6  

0 6 .8  22. 2 

TA B LE 6: Age - specific size, fecundi ty  a n d  energy budget of female N. maura from Jalon.  
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No.  I Note added in proof: weight-correct ion of S D A  

T h e  oxygen consumpt ion of act ive snakes minus S D A  o n  
page 1 62 was calcu lated b y  subtract ing n e t  m e a n  SDA 
(9. 5ml . h- 1 ) from each va lue  of \102,  t hen convert ing to  
mJ . g·O 75. h - 1 . This  was  used because S D A  was  not obviously 
related to body weight .  An a l t ernat i ve is to su btract 
weight-corrected mean SDA (0.  73mJ .g·0 75 .  h·  1 )  from each 
value.  This gives a mean of 1 . 49 ( S . D .  = 0.26), which is not 
s ignificant ly  different from A M R  (P  about 0. 1 ) . A study of 
t he weigh t -dependence of SDA is needed to compare the 
val idi ty of these methods. 

No. 2 Corrections ro H a i ley & Davies ( I  986a.b) 

Page Col .  Para. L ine  Should read 

55 J 2 1 3  S F  ( P>0.05) 

55 3 6 7 .4  m inutes 

59 2 1  a 2g l 6cm snake 

59 last  ( Fig. 9)  

75 Ta ble 2(b) ( P>0.05)  
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TADPOLE D I STR IB UTI O N  IN R ELATI O N  TO VEGETAL H ETE R O G EN EITY 
I N  TEM P O R A R Y  PON D S  

CARMEN D I A Z- P A N I A G U A  

E1 wci611 Bio/6gica de Dmiana. Apar111do 1056. 4 1 080 Sei·i!la. Spain. 

(Accep1ed 1 7. 6. 86) 

A B STRACT 

The distr ibut ion in ponds of five species of a nuran larvae has been studied in relat ion t o  the  aquatic vegetat ion .  
A ccord ing to the  vegetal species composit ion, ponds have been classified i n  five zones .  The i nnermost zone in  which 
l i t t le  or n o  vegetation grows was poorly frequented by tadpoles , which were mainly  distr ibuted throughout the other 
more vegetated zones. Some preferences for a specific zon e  have been found for several species. 

I NTRODUCTION 

A n urans commonly breed i n  temporary ponds  and 
t heir larvae are  considered t o  be adapted t o  the 
exp lo i tat ion of the h igh productivity of th is  type of 
habitat ( Wassersug 1 975). Another adaptat ion observed 
is the flexibi l i ty of the breeding period of anurans in 
order to  al locate the larval period when the ponds 
present  adequate condi t ions for l a rval development 
(Diaz Paniagua I 985b,  in press) .  L ikewise, the larval  
stage also presents  a flexibi l i ty  according to  the  
durat ion  and the size individuals  may reach , 
depending on the h abitat condi t ions .  Th us,  tadpoles 
present a wide variabi l i ty  of sizes at metamorphosis  
al though u pper and lower l imits  are mainta ined 
inherent to each species (Wilbur & Col l ins  1 973) .  

Jn th i s  st udy I have stud ied the d istri but ion of 
tadpoles in  ponds in  relat ion to  the vegetation .  Th is 
problem has been freq uent ly  s tudied for other aquat ic  
animals ,  such as invertebrates and fishes (e .g. Ros ine 
1 955,  Dvorak & Best 1 982, Corre et al 1 982,  Werner 
e1 al l 983, K east 1 984, G regg & Rose l 985).  For 
t adpoles , however, most of the st udies concerning their  
d i s t r ibu t ion in ponds mainly consider p hysical or 
chem ical charaterist ics (Noland & Ultsch 1 98 1 ,  
Odendaal & Bul l  1 980, 1 983 ,  Odendaal e1 al 1 982) .  
R ecent ly ,  Losch en kohl ( 1 985),  when studying niche 
d imensions of tadpoles, has analyzed the in fluence of 
vegetat ion,  point ing out that  vegetat ion may produce a 
shift in the  microhabitat of some larval species. 

M ETHODS 

Dur ing the  anuran breeding season 1 984-85, tadpole 
popula t ions were sampled in 1 6  temporary ponds in  
t he B io logical Reserve of Doiian a ,  a local i ty i n  south 
west Spa i n .  Cl i mate characteris t ics during the  s tudy 
period has been described in previous papers (see Diaz­
Pa n iagua I 985b) .  Samples were taken  monthly by 
sweeping with a fine meshed-net at  d ifferent t imes of 
day,  but al ways in  daylight .  They were located at  
d i fferent  places a long a transect from shore to  the  
cen t re by each pond .  Each sample consisted i n  

sweeping three t imes each about I . 5m long.  The larvae 
captu red were ident ified,  measured (body lengt h  
without t a i l )  and then released. Information was a lso 
recorded about depth and composition of the vegetal 
species with relat ive references to their abundance in 
each sample pl ace. 

The temporary ponds were all of fresh water and on 
sandy soi l  (detai led descript ion in  D iaz Paniagua 
1 983) .  Regarding the distribu t ion of vegetation, five 
different zones were dist inguished according to 
increasi ng depth . l )  Grass zone:  These areas were 
main ly  characterized by the p resence of most of the 
species growing in  the surrounding m eadows. The 
m ost abundant  ones were Cynodon dactylon, Panicum 
repens and Chaetopogon fasciculatus. 2) Jllecebrum 
verticila1um or Hypericum elodes area: This area was 
characterized by the  presence of one  or both of these 
plants ,  present ing a pecu l iar t h ick appearance on the 
surface. 3)  E m ergen t  plant  zon e :  Eleocharis multicaulis, 
very abundant in  certain ponds was the most  common 
species in  this area , fol lowed by E/eocharis pallustris, 
Juncus heterophyllus, Ho/oschoenus vulgaris and Juncus 
spp. 4) Submergent plants zone:  A dense cover of 
Myriophyllum alterniflorum, Ranunculus baudo tti, 
Elatine a!sinastrum, Callitriche spp. , Potamoge1011 
1richioides, and/or Zanniche/lia pe/1a1a chacterized th is  
area .  5) I nnermost zone :  where scarce or no vegetat ion 
was found (Fig. ! ) . 

Fig .  I Scheme of a typical  tempo ra ry pond with the 
vegetat ion zones considered i n  t h is study. 

Not all the zones referred to  were present in al l  the 
ponds sampled.  Nu mber I was commonly fol lowed by 
n u m ber 3 ,  or ,  sometimes,  in smal l  zones, by zone 4. 
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The innermost zone was found  only in the largest and 
deepest ponds, not occurring in the  smal l  a nd shal low 
ones. 

These five zones were not fu l ly  defined in the ponds , 
where overlaps were wide and com mon.  Therefore, a 
relat ive approximation was made according to the 
most  abundant  plant  species to ass ign the  sample 
places to one of the areas . 

Data are presented as month ly  h istograms of each 
species, except for Rana perezi which occupied the 
ponds later than the others, thus only  i t s  total  
distribution is presented .  Comparisons among them 
have been made by means of X2-test and  different 
degrees o f  freedom resul ted because of the scarcity or 
a bsence of tadpoles in  some vegetat ion zones ,  
compel l ing a grouping of the data .  

Fig. 2 Monthly distributions of each tadpole species in the  
five vegetation zones considered. 

P. cu/tripes 

D. galganoi 

B. calamita 

B. bufo 

H. meridionalis 

* :  p<0.05 
* * :  p<0.00 1 

D. galganoi 

3. 5 1  
(d . f. = 3) 

B. ca!amita 

65.42 * *  
(d .f. = 4) 

80.47 * *  
(d .f. = 3) 

RESULTS 

The distr ibut ion of tadpoles of the five species 
according to t he five vegetat ion zones in ponds is 
represented in Fig. 2. The main resu l t  com mon to all 
the species was the scarce or nonut i l ization of the 
i nnermost zone .  Very low occurrences of Pelobates 
cultripes, Discoglossus galganoi (after Capula et al, 
1985), Bufo ca/amita and Hy/a meridiona/is tadpoles 
have been observed there and none  i n  the  cases of Bufo 
bufo and Rana perezi. On the  other hand,  most of 
anuran larvae were distributed t hroughout the other 
vegetation zones, where their typical vegetation gave 
characteristic heterogeneity .  

Considering each species individual ly ,  t here did not 
seem to be a particular preference for the use of  one of 
the  four zones,  as  suggested by the  differences bet ween 
the distributions during each month considered (Fig. 2). 
H owever, in certa i n  cases there was a major ut i l ization 
of a specific zone.  This was the  case with Hy/a 
meridionalis tadpoles,  which were mainly associated 
with emergent plants, and Bufo bufo t adpoles appearing 
mostly i n  the  first two zones .  Bufo ca/amita and 
Discog/ossus galganoi appeared in very different zones, 
having a large variation during the whole larval period. 
For Pe/obates cultripes , a s imi lar u ti l izat ion of  the 
different zones was observed, with a slight preference 
for the shore zones in the  earliest months .  

Rana perezi tadpoles showed a clear preference for 
the use of the submergent plants where approximately 
80 per cent of the larval population was found .  

Sign ificant differences were found  in comparing the 
total  dist ribut ions of  the  species, except for the  pair 
Pelobates cultripes-Discog/ossus galganoi (Table 1 ), in 
which a main use of the first zone occurred. 

B. bufo H. meridionalis R. perezi 

25.39** 30. 66** 85 .67** 
(d . f. = 4)  (d .f. = 2)  

34. 33**  47.65 * *  1 1 3. 70**  
(d .f. = 2)  (d .f. = 3 )  (d .f. = 2) 

8. 1 8* 29. 20** 1 4 1 . 60** 
(d .f. = 2)  (d .f. = 4) (d.f. = 2) 

1 3 . 69* * 1 03. 79** 
(d .f. = 2) (d .f. = 2) 

90. 7 1 * * 
(d.f. = 2) 

TA B L E ! :  X2-test comparisons among t h e  total  d is tr ibut ions of  the species t h roughout  the veget a t ion  zones (d . f. = degrees of 
freedom).  
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D ISCUSSION 

It  is evident from the resu l ts t hat t adpoles mainly 
inhabited the  vegetated zones o f  ponds whi le  rarely 
visit ing the in nermost  zones. The main  difference 
bet ween t hese two types of m icrohabi tat s  concern the  
spat ial heterogeneity provided by a q uatic plants.  
L i ving in th is  more h eterogeneous zone may provide 
some advantages to anuran larvae.  The effect of 
predat ion has been considered an i mportant  factor 
regu la t ing  larval amphibian popu lat ions (Morin 1 98 3) 
and it must be reduced i n  t h ese zones because of the  
greater probabi l i ty of escaping from predators (see e .g .  
Crowder & Cooper 1 982, Werner et  al, 1 983) .  On the 
other hand,  t h e phytophagous diet of t h ese larval 
species (D iaz-Paniagua 1 985)  also suggest that  in these 
zones they may largely find thei r  optimal food.  

I have not considered the influence of  larva l size in 
the  d is t r ibut ion according to  the  zones in ponds,  but  i t  
i s  probably important .  Th ere m ust  be different 
requirements among tadpoles of d ifferent sizes , 
a l though in th i s  case a l l  the species showed a great use 
of  a l l  t he vegetation zones. 
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A STUDY OF G UT FUNCTION IN YOUNG LOGGERHEAD SEA TURTLES, 
CA RE TTA CARE TTA L. AT VARIOUS TEMPERATURES 

ROSA M U ND F. B I RSE A N D  J O H N  DA VENPORT 

Animal Biology Gmup. Marine Science Lahora1ories. Menai Bridge. G'll 'ynedd. U.  K. 

(A ,.cep tcd 20. R. 86) 

A BSTRACT 

The effects of tempera ture wi th in  the  range 20°C t o  30°C, on rate of passage of material  t hrough the gut were 
s tudied in juveni le  capt ive l oggerhead t u rt l es ( Coretta caret ta). Tota l  gut c learance t ime (TGCT} decreased with 
increas ing temperatu re (Qw = 1 . 6) .  The d i fference in  value of TGCT was greater between 20°C and 25°C, where it  
fel l  by 33  hours ,  t han between 25°C and 30°C. where i t  decreased by 6 hours .  A t  25°C and 30°C the sat ia t ion rat ion 
amounted to 3 .  73 per cent body weight;  a t  20°C the  value was only 0.92 per cent .  I t  was calculated that  appetite 
would ret urn to  sat ia t ion level at  a faster rat e  at  20°C than at 25°C or 30°C. 

Food was retained i n  the  oesophagus of juveni le  loggerhead turt les for up to one hour after feedi ng. 

I NTRODUCTI ON 

Lit t le  is known of the  behaviour and feeding act iv i ty  
of  young marine turt l es a fter  entering the  sea . I t  i s  
thought that t heir passive migrat ion is i nfluenced by 
cu rrents and oceanic gyre system s ,  (Witham 1 980) . 
Hatchl ings have been found associated with sargassum 
rafts where they presu mably feed o n  the associated 
fauna of the raft com m uni ty  (Carr and M eylan  1 980).  
Juveni le  loggerheads ,  l i ke  the hawksbil l  Eretmoche/ys 
imbricata, are thought t o  be omnivorous. Sargassum 
was fou n d  to be the  most  preva lent  i tem in  t h e  
s tomachs of loggerhead hatch l ings washed o n t o  t h e  
Florida coast b y  Hurricane David in  1 979, (Carr and 
Meylan 1 980). This contrast s with the  k nown 
carnivorous nature of a d u l t  Care1 1a. The rates of 
d igest ion in young green turt les were s tud ied by 
Hadjichristophorou and Grove ( 1 983)  and Daven port 
and Oxford ( 1 983) .  Davenport and Oxford also found 
t hat young C. mydas probably possesses a ce l lu lose 
degrading gut microflora, a l though t h is was a l ready 
k n own for adul ts of the species, ( Bjorndal  1 979) .  

Jn this study we compared the gut  act ion of  young 
Carel ta caret ta with that of green turt l es of  s imi lar  age, 
and studied the effect of t emperat u re on the rate of 
d igest ion in  captive loggerheads fed a high protein 
artifi cial diet . 

M A TER I A LS A N D  M ETHODS 

COLL ECTION A N D  M A I NTENANCE 

Six juveni le loggerhead turt les were obtained from 
the  Department of Fisheries, Cyprus.  The turt les were 
kepi in a recircu lat ing sea water system u nder constant  
i l l uminat ion .  During maintenance the temperature of 
the water was k ept a t  25°C ±I and the sa l in i ty  held at  
33-34 °/oo.  The turt les  were fed every 24 hours o n  an  
art ific ia l  diet of Omega trout pel lets  (OTF)  at a ration 
of 1 . 5 per cent body weight per day.  

The art i fic ia l  d i et (OTF) was used t hroughout t hese 
exper iments .  Three temperatures were chosen ;  20°C, 
25°C and 30°C. For each set of experiments the 
temperature in the recircu lat ing system was a l tered 
and the animals a l lowed to accl imat ize for a 4 to 5 day 
period.  N o  studies of physiological accl imat ion appear 
to have been carried out on sea turt les, so the chosen 
accl imat izat ion period was selected rather arbit rari ly.  
H owever, sudden seawater temperature changes of 
s imi lar  magni tude  are very common in  the 
Mediterranean which is genera l ly  rather shal low and 
subject to brief storms al ternating with periods of 
strong sunl ight . 

C H RO M I C  O X IDE M EA L S  

Labelled pel l ets were prepared by grinding OTF in to  
a fi ne powder and add i ng chromi c  oxide (2 per  cent by 
weight ) .  The resul tant  green mixture was made i n t o  a 
paste by adding water, extruded t hrough a hypodermic 
syringe, dried and cut into pel lets .  

Prior to chromic oxide meals the t u rt l es were starved 
for 27 hours, then fed a 1 . 5 per cen t body weight ra t ion 
of t h e  label l ed pel le t s .  The 3 hour extra deprivation 
beyond the  normal feeding in terval ensured that t ota l  
consumption occurred. Normal feed ing procedure was 
maintained before and after feeding  the  labelled mea l .  

To determine the  t i m e  of production of labelled 
faeces accurate ly ,  the turt l es were taken out of t he 
recircu lat ing system I t o  2 days after consuming the  
chromic ox ide  mea l  and placed in  ho ld ing  t anks 
conta in ing sra water kept at the experimental  
t emperature. A system of s lats  mounted 2cm above the  
bot tom of the tanks  ensured that  any faeces produced 
were not broken up or consumed by the turt l es .  The 
experimental  process was repeated ten t imes at each 
temperature, and average values for the fol lowing 
para meter ca lculated:  

Total Gut  Clearance Time (TGCT):  the t ime taken 
for food to pass completely through t he digestive 
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system est imated a s  the t ime elapsed between feeding 
and the appearance of the last green faeces. The 
relat ionship TGCT = a'Wb".ec'T, (where W is the weight 
of the animals ,  T i s  the temperatu re in degrees Celsuis 
and a', b' and c' are constants)  was calculated 
separate ly for each turtle by mu l t i l inear regression 
s ince ind iv idua l  turtles differ in  the ir  rate of digestion . 
These separately calculated values were then averaged . 

B A R I U M S U LPHATE M E A LS 

To st u dy the  progress of food along the gut ,  t he 
turt les were fed a 1 . 5 per cent body weight rat ion of a 
barium sulphate label led meal at a concentrat ion of 
one part BaS04 to four parts OTF by weight .  The 
labelled pellets were prepared in the same fashion as 
those containing chromic oxide. Before feeding, the 
turtles were starved for 27  hours and the normal 
feeding procedure was maintained before and after the 
meal . X-radiography was performed just after feeding 
and at  various time intervals subsequent ly .  

SATIATION M EALS 

The turtles were deprived of food for the length of 
t ime corresponding to the calculated 'gastric  emptying 
t ime ' G ET (the time interval between appearance and 
disappearance of chromic oxide labelled faeces);  
stomach fu ll ness is considered to be one of the main 
controls of appetite. They were then fed a satiat ion 
rat ion.  To do th is, 50g of pel lets was weighed out and 
the pellets offered to each turt l e  u nt i l  t hey had refused 
five pellets in five minutes .  The amount eaten was 
calculated by deduction of the weight of the uneaten 
food from t h e  origina l  50g. 

The rel a t ionsh i p :  
s a t i a t i o n  amount  ( g )  = a " Wb" ' . ec"'T, (where W is  the 
we ight  of t he an ima l s ,  T is t h e  t em pera t u re i n  degrees 
Ce ls u i s  and a",  b" and c" are constants) ,  was 
ca l cu l a t ed for a l l  t h e  a n i m a l s .  

R A TE O F  A PPETITE R ET U R N  

Aft e r  t h e  sa t i a t ion m e a l  descr ibed a bove, e a c h  turt le 
(s t u d i ed in pa i rs )  was given a second s a t i a t i on mea l  a t  
i n t erva l s  of 6, 1 2 , 1 8 , 24 ,  30  and 3 6  h o u rs a ft er the start 
of t h e  fi rst  s a t i a t ion mea l .  To ex p ress t h e  ret urn of 
a ppet i t e  t h e  Von Bert al a n ffy eq u a t i o n  was fi t t ed to  t h e  
d a t a  for each tempera t ure.  The Von Bert a l a n ffy 
eq u a t i o n  ass umes t h a t  da ta  r i se  towards some 
t heore t ica l  max imum and the  c loser  t h ei r  va lue  gets  to  
t he m a x i m u m  t h e  s lower  the  ra t e  of ch a n ge .  The  
eq ua t ion  i s  as fol l ows :  

W t = W( l -exp(-K( t- 1 0 ) ) ) 

Where W t  is t h e % body weight  mea l  i n gested after 
t i m e  t ,  

and W i s  t h e  t heoret ica l  m a x i m u m % body weight  
meal .  
K is  a cons tan t  a t  each temperat u re .  

A n  a lgor i t h m  capable  o f  finding a n  unconstrained 
m i n i m u m  of a sum of squares (through the N A G  
subrou t i ne E04FDF)  was used to  fit t h e  Von 
Bertalanffy equat ion to the data. By  this method 
est i m a t es of W, K and t0  were ob t ained for each 
t emperat ure . 

RESULTS 

TOTA L G UT C L E A R A NCE TlME 

I nit ial ly it  was hoped that gastric emptying t ime 
(GET) could be m easured.  The m ethod of labell ing 
food with chromic oxide to estimate GET assumes t hat 
after the food has left the stomach its rate of passage 
through t he rest of the gut occurs at a cons.tan! rate.  It 
also assumes that the food enters the stomach 
i mmediately after eating. The t ime of feeding affected 
faecal deposi t ion;  turt les defaecated most material just 
after feeding. This  finding suggests that passage of 
food through the latter part of the  gut does not occur at 
a constant rate so G ET cannot be m easured 
accurately. 

A t  20°C t he turtles has to be fed several t imes each 
day to ensure the complete i ngest ion oft  he 1 . 5  per cent 
body weight meal . Therefore, given the observed 
association of feeding and defaecation, it is not 
surprising t hat TGCT values at this temperature tend 
to be rather variable. 

Fig. 1 shows the presence of food in the oesophagus 
for at l east one hour after a meal .  Food retention 
indicates that the oesophagus acts as  a temporary food 
store or crop. This  was observed in a n imals .a t  1 0  
months (weigh ing approximately 500g) and 20 months 
(weighing approxim ately 2500g) of age. Whet her th is 
novel finding also applies t o  adult loggerheads is 
unknown . 

Fig. I I hour after feeding; food in t he oesophagus. 
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The data (Table I )  for TGCT and body weight were 
found to be normally d is tributed in each case,  and 
A NOVA showed that  for each quant i ty the  populat ions 
from 20°C, 25°C and 30°C differ sign ifica nt ly  because 
of  the growth of the a n imals  ( P<0. 00 1 ) . TGCT was 
found to  decrease with i ncreasi ng temperat ure.  The 
increase from 20°C t o  25°C had a greater effect on 
TGCT than the increase from 25°C to  30°C. From 
20°C t o  25°C the value for TGCT fell by 
approx imately 33 hours and fro m  25°C to 30°C it fell 
by a further 6 hours. 

The calculated equat ion for TGCT was found to  be:  
TGCT = 42ow-o.0025. e-0.049T hours 

In t h is equat ion weight (W) had no effect on TGCT 
cw-o.002s) .  The effect of temperat ure (T) on TGCT was 
pronounced. (Q w = 1 . 6)). 

TGCT 

Body Wt 

Temperature °C 
20°c 25°C 30°C 

1 55 .8  1 22 .0 

1 409.9 560. 5 

95 .3  

965 . 2  

* Least significant difference 

L.S .  D. (TYlr)* 

7 .358 

1 44.88 

TA B L E  I :  Mean total  gut clearance t imes (n = 1 0) a nd body 
weights at  20°C, 25°C and 30°C. 

SATIATION A MOUNT 

From the  observed values (Tables 2, 3 and 4) t here 
was no d ifference between sat iat ion amount  at 25°C 
and 30°C. The mean value  at t hese temperatures was 
3.  73 per cent body weigh t ,  but a t  20°C t here was a 
marked drop i n  sat iat ion rat ion (mean = 0.92 per cent 
body weight) .  Sign i ficant l inear relat ionsh ips of log 
tra nsformed body weight o n  log t ra n sformed sat iat ion 
amount were found by regress ion  ( Fig .  2) for 20°C 
( P<0.05, R 2 = 0. 35) and at 30°C ( P<0.00 1 ,  R 2 

= 0.  70).  
A t  25°C sat iat ion amount d id  not vary with body wt . 

Turtle Body Sat iat ion Sat iat ion 
Number Weight Meal  ( I )  Meal  

(gms) 73 (hrs )*  as % B . W .  
(gms) 

3 1 1 83 7 . 2  0 . 6  
4 1 82 1  I 1 2. 0  0 . 6  
5 1 5 1 2 1 6. 6  I .  I 
2 1 482 I ! . 7 0 .8  
5 1 535 20.  I 1 . 3  
4 1 867 1 7. 3  0.9 
3 1 242 9 .0 0 .  7 
2 1 527 1 8. I 1 . 2 
3 1 558  1 4. 6  0.9 
5 1 592 1 5 .9  1 . 0 
4 1 946 1 7. 0  0.9 
2 1 324 1 2. 8  1 .0 

* = 'Gastr ic Empty ing Time· (sec t ex t ) .  

TA B L E  2: Satiat ion and Appetite ret urn a t  20°C. 

This s howed that  body weight had a m ore pronounced 
effect on sat iat ion amount at 20°C a nd 30°C than at 
25°C where t h ere was l i t t l e  re la t ionsh ip between the  
terms. 

a . e  
s .  
a .  

I- ····· ········ 

:z: S . 2  
� s . o  w 
:c: 2 . 11  z 2.8 Q 
I-
< 2 . 4  
I-
< 2 . 2  
IO 2 . 0  
c _, 1 . 8  1 .,  

. 0  8 . 2  11.4 7 . 2  7 . 4  

l n  B O D Y  WEIGHT 

Fig. 2 In Sa t iat ion weight plotted against In body weight .  

o ; I n  Satiation weight at 30°C. 
A ;  In Satiat ion weight at 25°C . 
b. ;  I n  Satiat ion weight at 20°C. 

The calculated equation for sat iat ion amount was 
found to be:  

Satiation amount (g) = 0. 696W0.0567.e0. J 3 1 T 

J n  t h is equation temperature increase was found 1 0  
have a small  effect (Q 1 0  = 0 . 2 7 )  on satiat ion amount .  

R ETl l R N  OF A PPETITE 
There are two main factors which are t h ought to 

control appetite;  stomach fu llness and the previous 
feeding pattern experienced (amount and frequency of 
feeding). After the first sat iat ion meal the stomach was 
assu med to be fu ll  a lth ough the previous mai ntenance 
ra tion would have affected th is  value .  The t ime of 
feeding wi l l  also affect t he ra t ion consumed; turt les fed 
at night took less t han t hose fed during the  day and a te  
most when fed close t o  the ir  regu lar feeding t ime (9. 00-

Deprivation Satiat ion Satiat ion Satiat ion 
Time (hrs )  Meal  (2) Meal as % Meal (2)  

(gms) B . Wt as a percentage 
of Sat Meal ( I )  

6 4.4 0.4 6 1 .  I 
6 8.4 0 .5  7 .5  

1 2  9.9 0.6 59.6 
1 2  7 .5  0 .5  64. I 
1 8  29. 1 I .  9 1 44. 7 
1 8  25.4 1 . 4  1 46 .8  
24 1 6.9  1 . 34 1 8 7. 7 
24 33. 8 2 .2 1 86 .7  
30 20.6 1 . 3  1 4 1 . 1  
30 27 .0 1 . 7  1 69 .8  
36 3 1 .4 I .  6 1 84. 7 
36 24. 5 I .  8 1 9 1 .4 
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Turt le Body Satiation Satiat ion 
N u m ber Weight Meal ( 1 ) M eal 

(gms) 42 (hrs ) *  a s  lfo B . W. 
(gms) 

I 688 3 1 . 2 4 .5  
2 · 637 30. 1 4 .7  
4 832 28.6 3 .4  
5 736 3 1 . 3  4 .2  
1 736 29. 5 4.0 
4 908 34. 3 3 .8  
2 654 28 .3  3 . 3  
5 7 74 28 .2  3 .6  
I 936 32 .6  3 . 3  
3 766 28 .3  3 .  7 
2 832 27 .5  3 . 3  
5 995 29.4 3.0 

* = 'Ga stric Emptying Time' (see text) .  

TA B L E  3 :  Sat iat ion and A ppetite return a t  25°C. 

Turtle Body Sat ia t ion Satiat ion 
N u m ber Weight M eal  ( 1 ) Meal 

(gms) 36 (hrs)* as % B . W. 
(gms) 

I 1 276 54. 5  4 .3  
2 1 1 34 50.0 4 .5  
3 1 0 1 2  35 .6  3 .5  
4 1 444 46. 6 3 .2  
5 1 285 45. 8 3 .6  
6 2250 67.0 3.0 
l 1 409 59. 5 4 .2  
3 1 097 46.4 4.2 
2 1 225 50. 1 4. 1 
5 1 359 50. 1 3 . 7  
4 1 579 53 . 5 3.4 
6 2327 70.0 3 .0 

* = 'Gast ric Em ptying Time'  (see t e x t ). 

TA B L E  4: Satiat ion and A ppeti te return at 30°C. 

l 0.00 h rs ) .  At 20°C the  ra te  at  which pe l le ts  were t aken 
was so s low in some cases t ha t  a n  accu ra te  
determi nat ion of feeding cessat ion was  i mpossible .  

The data (Tables 2 ,  3 and 4) was expressed in  t h e  
form of t h e  Von Berta lanffy equat ion for t h e  ret urn o f  
appeti te .  T h e  calcu lated equations for e a c h  t emperature 
are as fol lows:  

30°C; Wt = 7. 1 8( 1 -exp(-O.O J  77(t+5. 42)))  
25°C; Wt = 4. 34( 1 -exp(-0. 0326(t +5. 65)))  
20°C; Wt = 1 . 86( l -exp(-0.0894(t-3. 79)) )  

The calcu lated values for the to ta l  squares of  the 
abso lu te  and relat ive errors of the fit ted funct ion 
showed that  the  rel iabi l i t y  of the es t i ma t es of  W ,  K and 
t0 was greatest a t  bot h 20°C and 25°C where m ore of  
t he cu rve was expressed by the  sample  points ( Fig .  3 ) .  
The curves i n  F ig .  3 were extended beyond t h e  area  of  
t h e  data to i l l ustrate which  part of  t he curve at  each  

Depri vation Satia t ion  Sat iat ion Sat ia t ion 
Time (hrs) M eal (2) M eal as % Meal (2) 

(gms) B . Wt as a percentage 
of Sat Meal  ( l )  

6 9. 5 1 . 4 30.6 
6 7 . 5  1 . 2 25 .0  

1 2  1 5. 3  I .  8 54. 6 
1 2  1 6. 1  2 .2  5 1 .  9 
1 8  2 1 .9 3.0 7 5 . 5  
1 8  1 6. 5  I .  8 48.5  
24 1 8. 7  2 . 9  66. 8 
24 20.0 2 .6  7 1 . 4 
30  24. 8 2 .6  78 . l 
30 25. 1 3 . 3  89. 3 
36  28. 2 3 .4  1 00.0 
36  35. 1 3 . 5  1 20 .7  

Deprivation Satiation Satiation Satiat. ion 
Time (Im) Meal (2) Meal as % Meal (2) 

(gms) B . Wt as a percentage 
of Sat M eal ( I )  

6 26. 8 2. 1 . 49.2 
6 1 6. 2  1 .4 32 .4  

1 2  1 1 . 0  1 . 1  30.9 
1 2  1 7. 3  1 . 2 3 7 . 3  
1 8  30.6 2.4 6 6. 3 1  
1 8  44.0 2.0 65.  7 
24 40.9 3 . 3  78 .3  
24 40.5 3 . 7  87 .3  
30  49.3 4.0 98.4 
30 48. 0 3 . 5  95 .8  
36  54. 2 3.4 1 0 1 . 3  
36  74. 3 3 . 2  1 06. 1 

t emperature t h e  points  expressed.  A t  30°C t h e  
o bserved va lues l a y  in  t h e  exponent ia l  phase o f  t h e  
curve a n d  consequent l y  t h e  est imate o f  W i s  
q uest ionable. The greatest t heoret ical  body weight 
meal s ize (W) was a t  3 0°C with a value of 7 . 2  per cent 
body weight .  At 25°C i t  was 4.  3 per cent and the lowest 
va lue  was a t  20°C where i t  was I .  9 per cent .  These 
va l u es a l l  exceeded t h e  o bserved va lues for the first 
sat ia t ion meals ,  which were as fol l ows : 30°C mean 
sat ia t ion amount = 3 .  73%; 25°C, 3 .  73%; 20°C, 0.92%. 
The greates t  d ifferen ces between fi rst satiat ion meal 
size and t heoret ical  max imum were a t  20°C and 30°C 
where the  maxima were a pprox imate ly  twice t h e  size of 
t h e  fi rst sat i a t ion mea l .  The ra te  of ach ieving t h e  
t h eoret ica l  m a x i m u m  w a s  greatest at  20°C, 
(K = 0. 0894). At 25°C and 30°C t h e  va lues for K were 
0.0326 and 0. 0 1 77 respect ively .  
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Fig. 3 % body weight eaten (g) after t he first sat ia t ion meal .  

o ; % Sat ia t ion weight at 30°C. 
& ; % Sat iat ion weight a t  25°C. 
D. ;  % Satiat ion weight at  20°C. 

DISCUSSION 

The results of t h is study demonstrate tha t  
t emperature has, over the range between 20°C and 
30°C, a considerable effect on t he rate of passage of 
food through the digest ive system of young loggerhead 
turtles. The differences in sa t iat ion amount and TGCT 
were much greater between 20°C and 25°C t han 
between 25°C and 30°C. The resu l t s  at the two h igher 
tempera t ur es were ident ical for sat iat ion (3 .  73 per cent 
of the body weight },  and there was only a 6 hour  
difference between clearance t imes. I n  contrast, 
between 20°C and 25°C there was a 33  hour difference 
in  clearance t ime and at 20°C, the sat iat ion rat ion was 
only 0.92 per cent of the body weight .  Rather 
surpris ingly, appeti te  ret urned to sat ia t ion level faster 
at 20°C than at 25°C or 30°C, but th is  presu mably 
reflects the much lower sat iat ion rat ion .  

These data  support avai lable fie ld and growth data .  
Observations indicate that ,  in  coasta l  feeding areas, 
marine turtles largely return to  feed or become active 
when the temperature rises in  late spring to  around 20°C 
(Carr er

-
al. , 1 980). Carr et al. , ( 1 980) found tha t  adul t  

C. caret/a hibernated in  the mud of submarine 
canyons off Cape Canaveral in February when water 
temperatures averaged 1 1 °C,  but by mid M arch when 
t he water temperature had r isen to  I 9°C the turt l es 
were res t ing on t he bot tom.  Carr et al. ( 1 980) also 
noted a n  influx at th is  t ime of turt l es from other areas . 

Hughes ( 1 974) studied growth in hatchl ing logger­
heads. At 1 4°C and 1 5°C turt les ate l i t t l e  and Jost 
weight , while t hose at I 7°C and I 8°C ate more but 
grew much more slowly than t urt les kept at 24°C. I t  
appears t h a t  active feeding starts at approximately 
20°C t hough the preferred temperature of Care/ta is  
over 25°C. In  t h is respect loggerhead turt l es appear to 
closely resemble Chelonia mydas. Bjorndal ( 1 980) 
found that  water temperature affected digestive 
efficiency in the green tur t le ,  wit h efficiencies 
becoming more variable during the  winter months 
when the temperature approached 20°C. 

The studies of gut dynamics described here were 
compromised to a certa in extent  by the unavoidably 
smal l  number of turt l es avai lable,  which meant t hat 
the ir  weights had changed somewhat bet ween 
experiments at d ifferent temperatures. Fange and 
Grove ( 1 979) considered the problem of using different 
sized an imals in  d igest ion studies .  If (as in  the present 
study) meals of constant percent body weight are fed to 
experimental  animals,  then the  absolute rate of 
digest ion of food wi l l  be faster in a l a rger animal  
(because the surface area of food bolus exposed to 
enzyme action is greater),  but d igest ion wil l  be 
completed sooner in a smal ler  an imal (because the 
surface area-to-volume ra t io  of the smaller meal is 
greater). 

I t  took 1 22±7 hours for food to pass completely 
through the gut of C. carella but for C. mydas of 
similar size i t  took 1 76± 1 1  hours (Hajichristophorou 
and Grove , 1 983) .  These shorter evacuat ion t imes may 
be indicat ive of the more carn ivorous habit  of Carella. 
Young loggerheads appeared to  be far more voracious 
feeders than young green turtles. The satiat ion ration 
of Carella at 25°C was twice t he size of that of Cheloriia 
and appeti te  return was 25 per cent quick er in 
loggerheads. 

During passive migration the young loggerhead 
turt le presumably rel ies on an opportunist ic feeding 
strategy .  The adaptation of the oesophagus as a 
temporary food store a l lows the an imal  to take 
advantage of occasional overabu ndances of prey. The 
oesophagus possesses soft con ical  pap i l l ae on i t s  
luminal surface. These papi l lae project towards the 
stomach, but it i s  not known whether they act solely to 
prevent food ret urning to the mouth or whether  t hey 
also have a glandular fu nction.  Oesophageal food 
storage has not been reported for other sea turt l es, and 
is certa in ly not characterist i c  of Chelonia mydas in  
which food always reaches the stomach wi th in  5 
minutes (Davenport and Oxford,  1 984). 
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A BSTRACT 

Part ial clearance of the  terrestrial vegetation surrounding a pond in  southern England resulted in  a significant 
decrease in  the size of t he smooth newt ( Triturus vulgaris) populat ion breeding there, relative t o  a n earby, intact 
pond. This finding supports the  suggest ion of Beebee ( 1 98 1 )  t h at the terrestrial  habitat s urrounding a pond is an 
important  determinant  of t hat pond 's suitabil ity for amphibians .  

I N TR O DUCTI O N  

I n  a survey of t h e  s tatus  of Bri t i sh amphibians  i n  
which England,  Scot land and Wales were divided i n t o  
1 2  'survey regions' ,  populat ions of  the  s m o o t h  newt 
( Triturus vulgaris L . )  were reported t o  have suffered 
decl ines in t hree regions .  Over 70 per cent of the  
respondents in  t h is survey blamed t hese decl ines on 
loss of  su itable habitat due to h u man act iv i ty  (Cooke 
and Scorgie ,  1 983) .  

Loss of ponds i s  an  obvious ea use  for concern 
amongst  those involved in  the conservation of 
amphibian populat ions .  However, loss of the 
t e rres t ria l  habitat  surrounding extant ponds can also 
have detrimental  effects on the  amphibians w hich vis i t  
the  ponds i n  order t o  breed and feed .  The importance 
of such habitat was s tressed by Beebee ( 1 98 1  ) , who 
surveyed a large number of ponds in  southern England 
and found that those wi th  margina l  scrub habitat  were 
more l i ke ly  to support amphibian populat ions than  

were those wi thout  (a l l  other requi re ments being 
equ al ) .  

I n  1 986, the author  was  afforded the  opportunity t o  
s tudy the  effect of terrestr ia l  habitat  destruction o n  
smooth newts a t  a local level .  I n  1 985,  as part of an  
invest igation into the  reproductive biology of t hi s  
species,  breeding popu lat ion s ize was assessed at two, 
c losely-situated ponds.  In the  autumn of that  year, 
a bout  one half of the margina l  terrestrial  vegeta tion 
was removed from one pond;  the  other pond was left 
intac t .  I n  1 986, the  two ponds were surveyed once 
more,  and the  influence of habi ta t  destruction on 
smooth newt breeding populat ion s ize was determined . 

M ETHODS 

The two s tudy s i tes are  ponds s i tuated on t he 
Conniburrow hous ing estate  i n  Mi l ton Keynes,  
Buck inghamshire, southern England. They are approxi­
mately 0. 25 mi les from one another.  In 1 985,  both 
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Ma rigold Pond 

85 1 398 

200 

23  

Cleaver Pond 

85 1 394 

250 

60 

Ordnance survey reference 

Surface area (sq. m.)  

Maximum water dept h (cm) 

Pond substrate 

Shore 

Thick clay mud and plant l itter 

1 98 5  and 1 986: stony, with some 
support from wooden slats 

Thick clay mud and plant l i t ter 

1 985:  muddy ban ks .  1 986: muddy 
banks, with some support from slats 

Amphibians present Triturus vulgaris. T. cristatus. 
Bufo bufo. Rana temporaria 

T vulgaris. B. bufo 

Crataegus monogyna C. monogyna Dominant terrestrial vegetat ion 

Dominant aquatic vegetation Elodea canadensis. Lemna minor. 
Potamogeton pectinatus 

E. canadensis, L. minor. 
P. natans 

TA B LE I :  Summary of some physical and biological characteristics of the two study sites. 

ponds were subjected to a detai led physical and 
biological survey, some of t he resu l t s .  of which are 
summarised in Table I .  M arigold Pond was not 
subjected to removal of vegetat ion between the 
breeding seasons of 1 985  and 1 986, and can thus be 
regarded as the 'contro l '  pond.  Cleaver Pond was 
subjected to vegetat ion removal along i ts  nort hern 
shore, and is thus the 'experi menta l '  pond.  The 
vegetation was cleared by local government to i m prove 
access to Cleaver Pond and render it safer when vis i ted 
by children (the latter is clearly a !audible reason for 
the clearance). 

Censuses of the smooth newts in each pond were 
in i t iated in March in bot h of the two years of study. 
Each site was visited two or t hree t i m es per ca lendar 
wee k ,  from between I 930 and I 1 00 hr (at or around the 
time of dusk) .  A t  Marigold Pond,  each visit consisted 
of slowly walk i ng a circui t of the perimeter of the pond, 
scann ing t he shallower and Jess-vegetated areas by 
torchligh t .  The number of smooth newts seen in t he 
water was recorded. A t  Cleaver Pond in 1 985,  only a 
small  area at the western end of the pond was 
accessible for torch ing, due to  the th ick  vegetat ion 
surrounding the pond elsewhere. During each visi t ,  the 
author stood at a spot a t  th i s  end of the pond, and · 
counted the number of smooth newts which were 
visible during a period of 1 0  minute  in dura t ion .  In  
1 986, access to  Cleaver Pond was  great ly i m p roved , 
but the same method of census was employed as in the 
previous year. 

In  1 985,  visits to  the ponds were terminated in  m id­
June; in 1 986, visits were con t i nued un t i l  early July .  
For analyt ical purposes, the  numbers of  smooth newts 
seen at each pond from week 10 to  week 19 in both 
years of the study are considered. 

RESULTS A N D  D I SCUSSION 

The data  obtai ned during the censuses are 
summarised in Table 2. For both ponds the numbers of 
smooth newts counted in 1 986 were lower than in  1 985. 
The decrease for Marigold (control) Pond was 29. 7 per 
cent ,  compared with a decrease of 75.4 per cent for 
Cleaver (experimenta l )  Pond .  Th is d ifference is 
stat is t ically sign ificant (.X2 = 1 3 . 9, P<0.00 I ) . It is 

possible that th is  difference at Cleaver Pond merely 
reflects a change in  the behaviour of the newts; 
a l though no d irect altera t ions were made to the 
aquatic habitat ,  destruction of the terrestrial vegetation 
may have had indirect effects on the aquatic h<1bi tat . 
Whilst  t his poss ib i l i ty  cannot be dismissed ent i re ly ,  
torching of t hose parts  of Cleaver Pond rendered more 
accessible in 1 986 did not result  in a high count of 
aquat ic  newts (23 in total) .  Th is suggests that  t he  
between-years difference a t  Cleaver Pond was not  due 
to a gross change in the distri but i on of newts in  the 
pond. 

Cu mulat i ve No.  newts a t :  

Marigold Pond Cleaver Pond 
Wee k  1 985 1 986 1 985 1 986 

1 0  0 0 0 0 

1 1  3 0 0 0 
1 2  1 3  5 3 0 

1 3  52 8 1 2  2 
1 4  1 09 * 22 * 

1 5  2 1 4  1 3  29 7 
1 6  3 1 7  53 36 8 
1 7  34 1 1 24 45 1 1  
1 8  443 203 5 5  1 6  
1 9  492 346 65 1 6  

*No circuits made i n  that  week. 

TA B L E  2 :  The cumulative number o f  smooth newts counted by 

torchlight at each of t h e  study ponds in each of the t wo years of 

the  study.  

This result supports the hypot hesis that destruction 
of the terrestrial  habitat in the close vic ini ty of a pond 
can have a severely detr imental  effect on the smooth 
newt population using that pond as a site for breed ing 
and feeding. It also provides empirical verification of 
Beebee's ( 1 98 1 )  conclusion that the presence of such 
habitat is important in determin ing the suitabi l i ty  of a 
pond for amphibians. The longer term conseq uences 
of habitat destruction at Cleaver Pond are unclear, b u t  
t wo obvious possibi l i t ies exist ;  fi rst , the  populat ion o f  
newts m a y  fa l l  below t h e  'effective populat ion size' and 
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thus risk ext inct ion,  or secondly,  the  populat ion may 
st abi l ise at  a new,  lower level .  Only  long term field 
work would provide the answer. 

The benefi t s  afforded by terrestrial  vegetat ion along 
the shores of a pond are of t wo types. The first ,  d i rect 
benefi ts ,  i nclude the ut i l isat ion of the habitat  as a 
refuge dur i ng the  w inter.  This was certa in ly the case for 
Cleaver Pond i n  the win ter of 1 984, when the newts (as 
well as common toads, Bufo bufo) were k nown to have 
used rabbit  burrows in  the vegetat ion as hibernaculae 
(Verre l l ,  J 985) .  These burrows were destroyed in the 
a u t u m n  of 1 985 .  The second type of ben efi t  can be 
t ermed ' i ndirect ' ,  and includes protec t ion from human 
in terference. As ide from the dumping of domestic and 
garden refuse,  t h e  most common form of interference 
in Conn i bu rrow is the collection of breeding 
amphibians by children (the ' smal l  child effect') .  It 
seems un l ikel y  that th is effect was more severe for 
Cleaver Pond than for M arigold Pon d  in 1 986, and 
thus un l i ke ly that different ia l  in terference was  the  
major fa ctor responsible for the  sharp decl ine  i n  
smooth newt population size seen a t  t he former site .  

In summary, the  act iv i t ies of a l ocal government  
provided an unfortunate opportun it y  to assess the  
importance of  the terrest ri a l  habi tat  surrounding a 
pond for t h e  smooth newt populat ion breeding and 
feeding there .  Destruct ion of this  habi ta t  resu l t ed in  a 
sharp reduction in the size of the  breeding populat ion , 
probably due  to the removal of overwin tering refuges . 
I mproved accessibi l i ty to the  pond ,  and a con­
com m i tant  increase in the  i n t ens i ty of the 'small chi ld 

H E R PETOLOG JCA L J O U R N A L, Vol .  I ,  pp .  1 77- 1 80 ( 1 987) 

effect ' ,  probably  exacerbated this .  I t  is thus clear that  
there can be a serious confl ict over the interests of 
those com mit ted to  a mphibian conservation and those 
who wish to  make  ponds safe and accessible public 
amenit ies .  In such confl icts ,  it seems probable that the 
amphibians will be dealt the worst hand.  
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A B STRACT 

l n  this  s tudy we examined the adaptat ion of the  enzyme Aldol ase from frogs and toads to d ifferent tem perat u res 
and t o  hyperosmotic media of 400- 1 OOOmOsm/Kg of urea or N aCl . M axim u m  enzyme activity was foun d  between 
200-400m0sm/Kg NaCl, both in enzymes from green toads and from marsh frogs .  However, a bove 500m0sm/Kg, 
the act iv i ty  of enzymes from green toads was s ignificant ly h igher t h an the act ivi ty of enzymes from marsh frogs . 

The act iv i t y  of a ldolase from green toads decreased very slowly as the media concen trat ion of urea i ncreased. 
H owever, the  act ivity of aldolase from m arsh frogs decreased rapidly under the same con dit ions .  

The maximum activity of aldolase from both frogs and toads was at 25°C.  The activity of a ldolase from green 
toads was significant ly h igher than the  act ivi ty of a ldolase from marsh frogs when m easured only at  h igh 
tem peratures (35°C).  Th e resu l ts of t h i s  s tudy support the  idea that  the  biochemical systems of t errestrial  amphibia 
are tolerant to  hyperosmotic media.  
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I NTRODUCTI ON 

The green t oad is  t errestr ial and l ives in  a wide range 
of habitats reaching t h e  southern l im i t  of i t s  
d istribution in  Israel,  where i t  penetrates in to  t h e  
desert (Warburg, 1 972) .  K a t z  ( 1 973) succeeded in  
adapt ing green toads  t o  800m0sm/Kg NaCl and 
Degan i  (I  985b) adapted the  green toad to  
800m0sm/Kg urea. Degani e1  al. ( 1 984) fou n d  that 
after t hree months in  the soi l ,  blood plasma 
concentrat ion reached a max imum of 1 400m 0s m/Kg 
with u rea concentrat ion a t  900mM .  I nt racel lu lar  u rea 
concentrat i on in  the muscle of t h ese t oads amounted 
to 500mM urea. The plasma osmolari ty of R. ridibunda 
did not reach 600m0sm / Kg i n  any of t hese condit ions 
(Katz,  1 973; Degani ,  I 985a) .  B. viridis a ppears t o  show 
an abil i ty  to  tolerate a w id e  variety of osmotic  plasma 
concentrations, which help i t  to  adapt t o  a wide variety 
of osmotic envi ronments .  

Urea accumulat ion in the  i ntra  - and -
extracellular fluids appear to play a crit ical role in  
adaptation of amphib ians to  t erres t ria l  l i fe ( Bent ley,  
1 966; M cClanahan, 1 967 and 1 972;  Johns,  1 980; 1 982; 
Degan i  et al. , 1 98 1 ;  1 984). Data presented by 
McClanahan ( 1 972);  and Jones ( 1 982) suggested that  
the rate of u rea synthes is  i ncreases i n  Xenopus /aevis, 
Scaphiopus couchi, Bu(o ivoodhousei and Hy/a 
cadaverina, when the  water potent ia l  of the environ­
ment decreases . During dehydrat ion ,  the plasma ,  urine 
and in t racel l ular body flu i d  osmolal i t i es of t hese 
amphibians were elevated. Th is was caused not only by 
increased u rea but also by i n creased concentrations of 
Na+,  CJ- and K 1  (Degani  and Warburg, 1 984). 
H owever, there is no informat ion on the adaptat ion of 
enzymes to such high concentrat ions of u rea and NaCl .  

The hypot hesis examined in  th i s  s tudy is  whether  the 
enzymes of terrestrial amphibia are more tolerant to 
h igh t emperatures , and to urea and NaCl con­
centrat ions,  than aquat ic  species . In t h e  present s tudy 
the activity of Aldolase was compared in the green 
toad (Bu(o viridis) and the  semi-aquat ic  marsh frog 
(Rana ridibunda). 

MATE R I A L  A N D  M ETHODS 

Green toads (B. viridis) and marsh frogs (R. ridibunda) 
were collected from the same loca l i ty  in Northern 
Israel (Naharia)  and were kept in t he laboratory in a 
t errariu m  containing soi l  and smal l  vessels of water, a t  
a temperature of 20-23°C. 

Samples of muscle were taken (200mg) from the 
hind-legs of green toads and marsh frogs and the  
fructose - 1 . 6 Diphosphate A ldolase act ivi t y  was 
determined after homogeni zat ion (polytron homo­
genizer, model K inemat ic  C H-60 1 0  Kr ins-LU­
Switzerland) in !ml TEM buffer phosphate p H  7 .8 .  

The assay of  act iv i ty was  performed as described by 
Gracy et al. ( 1 970). Aldolase act iv i ty was measured 
after the  enzymes were accl i mated for 20 minutes in  
different solut ions of NaCl  (from 1 00 to  
I OOOmOsm/Kg) or  urea (from 400 to  I OOOm Osm/Kg). 
Enzyme act ivity was also m easured at d ifferent 
t emperat ures ( l 5°C, 20°C, 25°C, 30° and 35°C) in a 

.solution of 300m0sm/Kg. A l dolase act ivity was 
measured by moni toring t h e  rat e  of oxidation of 
NADH at  340nm on a Gi lford Spect rophotometer at 
25°C. One uni t  of enzyme act iv i ty  is  defined as Iµmole 
of substrate (FOP) that is  cleaved in one minute at 
25°C.  Aldolase activi ty was calcul at ed to m U by the 
equat ion : ! OOO = 0.0806µmole/m l/m i n .  = 0.0806 un i t  
of activity (U). 

RESULTS 

The activity (%) of aldolase during accl imat ion to 
NaCl solut ion up to I OOOm Osm/Kg is  shown in Fig. I .  
Maximum enzyme act ivi ty was found between 200-
400m0sm/Kg NaCl,  both i n  enzymes from green 
toads and from marsh frogs. However, above 
500m0sm/Kg NaCl,  the act ivi ty of enzyme from green 
toads was sign ificantly h igher than the  enzyme act iv i ty 
of marsh frogs. 
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Fig. J Com parison between enzyme act iv i ty  of Buf'o l'iridi.1 
and Rana ridibunda in  different NaCl  osmot ic  pressures. 

There were no significant differences found bet ween 
the  aldolase act ivi ty  from green toads or marsh frogs 
accl imated to 400m 0sm/Kg (200m0sm/Kg NaCl and 
200m0sm/Kg u rea) (Fig. 2) .  Jn media of osmolarity 
above 400m0sm/Kg increase due to add i t ional urea 
caused the  act iv i ty  of aldolase from B. viridis to be 
h igher than that  of the enzyme from R. ridibunda. The 
act ivi ty of aldolase from marsh frogs decreased rapidly 
after accl imat isation to a high urea concentrat ion ,  and 
the activity of aldolase from green toads decreased 
slowly (Fig. 2). Both enzymes from green toads and 
from marsh frogs decreased with a l inear correlat ion to 
increasing media u rea concentrat ion (Ta ble J ). The 
slope of the l inear equation for green toads is smaller 
than the slope of the l inear equation for marsh frogs. 

The maximum activity of a ldolase from both green 
toads and marsh frogs was found at 25°C (Fig. 3). There 
was no sign i ficant difference between the act iv i ty of 
aldolase from green toads and marsh frogs at 
temperatures of I 5-30°C. However, there is a significant 
d ifference only at a temperature of 35°C (P<0.05; t­
test) .  At  this temperature the act iv i ty of aldolase from 
green toads was h igher than the activity of aldolase 
from marsh frogs . 
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Fig. 2 Enzym e  activity from Bufo 11iridis and Rana ridibunda 
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Equat ion N p 
NaCl  
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Fig. 3 Tem pera t u re effect on enzyme activity from 
Bufo viridis and Rana ridibunda. 

Bujo 

Equation N p 
NaCl 

y = -0. 5430 x + 1 2 59 .87 1 3  <0.05  

Urea 

y = -0.3946 x + 1 523 . 7 1  1 2  <0. 0 1  

TA B L E  l :  Enzyme ac t iv i t y  equations o f  Bu(o viridis a nd Rana ridibunda a ccl imated t o  differe n t  so lu t ions  a ccording t o  the  most 
s ignificant correlat ion.  

Notat i ons : 
Y = E nzyme act iv ity ( m u )  a n d  X = osmolality ( m Osm/kg). 

There are sign i ficant  differences (P<0.05) between the s l opes of both pairs Rana : Bufo i n  NaCl,  Rana : Bufo in  Urea. 

DISCUSSION 

The osmot ic  concent rat ion recorded i n  the  body 
fl u id  of green toads fo llowing prolonged dehydrat ion 
i n  the  soi l  i s  the  h ighest reported so far for any 
t errestr ia l  amphibian (Degani et al. , 1 984) .  A s imi lar  
h igh osmot ic  concentrat ion was recorded in  t he 
terres t ri al spade foot toad (Scaphiopus couch) (Shoe­
maker ,  1 969; McClanahan , 1 972) from t he A rizona 
desert . Both Bufo and Scaphiopus store u rea i n  the i r  
body flu ids and th i s  a l lows them t o  ra ise  the  bod i ly  
osmatic pressure more efficiently than acquat ic  species 
(Ba l insky ,  1 98 1 ;  Degani et al. , 1 984) .  

There are some physiol ogical mechanisms described 
w h ich increased the plasma osmolal i ty by i ncreasing 
the p lasma Na+, CJ- and u rea during dehydrat ion or 
sa l ine adapta t ion .  For example by reducing t he 
g lomerular  fi l t ra t ion rate of the nephrone and 
increasing t he infl u x  of Na+,  CJ- through the  nephrone,  
bladder and the  sk in  (Jorgensen , 1 950; Bent ley,  1 958 ;  
Maetz ,  1 968) .  Accumu lat ion of urea occu rs s lowly and 
may be due to both u rea retent ion and,  possibly to 
i ncreased synthesis due to a higher concentrat ion of 
presu rsors i n  the  urea cycle (Jones ,  1 980; Bal insky,  
1 98 1 ;  Lee et  al. , 1 982) .  

Jn t h is s tudy we found that a ldo lase act iv i ty  i s  
to lerant to a high urea concentrat ion  on ly  i n  t erres t r ia l  

green toads but  not  i n  semi-aquat ic m arsh frogs. These 
resu l ts  m ight expla in the resul ts  of p revious s tudies i n  
our  laboratory. T h e  accu m u lat ion of urea i n  the  
p lasma of  green toad i s  accompanied by  an  
in t racell u lar space both  in viva and in vitro (Degan i  
et  al. , 1 984; Degani ,  1 985a,b) .  In the  green toad  from 
soi l  the  i ntracel lu lar  urea i s  less concentrated t han that  
i n  t h e  plasma .  (Degani et  al. , 1 984),  The u rea 
concentration i n  the plasma of the green toad was 
s ignificantly h igher than that  in t he plasma of the  
marsh  frog, both adapted t o  a hyperosmot ic  (urea) 
environment (Dega n i ,  l 985a) .  Crab-eat ing frogs (Rana 
cancrivora), t h e  only anuran that  l ives in sea-water bad 
a max imal u rea concentra t ion in the plasma of 350m M 
(Gordan et al. , 1 96 1 )  and th i s  is s imi lar to t he u rea 
concentrat ion (265 m M )  found in the  plasma of green 
t oads adapted to sea-water ( K a tz, 1 973) .  The muscle of 
the  crab-eati ng frog is not only toleran t  to u rea, but  
actua l ly  req uires i t .  Thesleff and Schmidt-Nielsen 
( 1 962) were unable t o  observe contract ions un less u rea 
was present in the  med i u m ,  and they rou t i nely added 
250m0sm urea to t h e  medium bathing the muscle .  

M uscle t i ssue of green toads seems more tolerant to 
h igh u rea concentra t ion than the  muscle  of marsh 
frogs (Degan i ,  1 985a) .  In conclus ion whi le these 
previous studies show t hat d ifferent physiologica l  
mechanisms are tolerant t o  high urea concent rations, 
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th is study shows that  i n  terrestrial amphibians t here 
m ight also be enzymes which are able to adapt act ivity 
to t hese condit ions ( Delsone and Whit fo rd, 1 973; 
Licht et al. , 1 975;  Degani ,  1 985a).  

Rapid dehydration or adaptation to salinity causes 
an elevat ion of Na+ and Cl- in he t issues ( Degani  and 
Warburg, 1 984) so that the  enzymes are exposed to 
h igh Na+ and CJ- concen t rat ions ( Degan i ,  1 985a) .  In  
t h is we found that  a n  enzyme (aldolase) of green toads 
tolerates a higher concen t ra t ion of Na+ and CJ- than 
does the same enzyme from marsh frogs and th is is 
maybe a partial explanation of the greater to lerance 
both to dehydrat ion and to saline environments of the 
toad compared to  the  frog. 
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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.  

•·oo 

E 
N l·OO 0 

4·00 

3-00 

� 2-00 

e 
N l-00 0 

O-OO._ ........ ml!l,(L�:JL..a.::'.:�'...4�L_.l....__...l__L_J 1 2 3 4 5 1 2 3 4 5 
D•Jr ing s timulof Alter  s t imulation Be fore s timulotion 

Time ( minutes)  
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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35°c 

l 2 3 4 5 
Af 1 e ,  � t imulo t i o n  

consu mption,  ea active 02  cons u m ption,  o post active 02 
consumption. 

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 
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extensive studies of the  1 950s and 1 960s (Carpenter, 
1 952; Tinkle,  1 957;  Fitch, 1 960, I 963 , 1 965, 1 975;  
Vi i tanen,  1 967; P restt , 1 97 l )  the  popularity of large 
scale marking efforts has declined .  S ince then,  
populat ion studies have concentrated on snakes which 
gather at h ibernacu la (Parker, 1 976; G regory, 1 977) 
where large numbers can be captured i n  a short t ime. 

Dur ing a study of the  physiological ecology of the 
viperine water snake Natrix maura, a large number of 
individuals were marked and released. This paper 
presents information on t h eir growth,  movements and 
numbers, and a model of t h e  dynamics of the  
population as  a hypoth esis for further study. This 
work is  continu ing in · cooperat ion with Spanish  
herpetologists and in parallel with further physiological 
studies .  I n  th is way long-term data on one snake 
populat ion can accumulate as a by-product of other 
work; we agree with Turner that pure snake 
populat ion studies are uneconomical i n  t erms of  the 
data obtained per unit research t ime.  

S ITE DES C R I PTION 

Natrix maura were studied i n  the river Ja Ion, eastern 
Spain (39°N ,  0°E) between A ugust 1 98 1  and August 
1 98 3 .  A m ap of t h e  river bed i s  shown in Fig. l ;  H ai ley 
( 1 984) gives a more detai led map i nclud i ng topography, 
neighbouring river systems, and the est im ated 
catchment a rea. The river is 40k m l ong  i n  tota l ,  with a 
catchment area a bove Ja lon vi l lage o f  l 3 5 k m2• M ost 
parts of the river were invest igated,  and t he only 
permanent fresh water was fou n d  near the vi l lages of 
A lcalal i  and J alon;  elsewhere t h e  r iver was a dry rocky 
barran co .  There was a treated s ewage out let and an 
area of pollu ted water below each vil lage along the 
nver. 

0°IO'W 
38°S01N_J 
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..,,-..... ..... ',,,.,--:.,.J.,,,,, ---..--....:. 

0°00' 
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Fig. l The river Ja lon ,  based on t h e  M apa M i l i taria 1 96 1 .  
R iver, ---- Barranco. The only permanent  clean 

fresh water found du ring the st udy was i n  the area of A l cala l i  
and Jalon.  

The s tudy area was a 2km length of river at  Ja lon ,  
from C- F i n  Fig. 2. A detai led map of th i s  area ( H ailey, 
1 984) was produced with compass and meas ur ing l ine,  
enabl ing captu res to be located to  the  n earest ! Orn . 
This area was permanent ly wet,  but  the  river was 
reduced to  a series of pools when the connect ing  
st ream dr ied  up in  sum mer. There was n o  water  for 
several km above A lcalali  or below L l iber. 

The stream meandered across  the river bed, which 
was an area Sc50m ( in  most places l 0-20m) wide and 
abou t 3 m  below the level of the surround ing terraced 

D 

Alcala I i  

r o o m  0------, 

' 
- Jalon 

• • 
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Fig. 2 The study area between A l calal i  and Jalon - t h e  
edges of these v i l lages a r e  s hown a s  shaded areas. The out l ine  
o f  the  r iver bed is  shown, together  wi th  the  cou rse of the 
stream and positions of pools. • H ouse, --- Road,  • Sewage 
out let ,  oRock pile w here j u ven i les were com mon.  Thin bars 
across the  r iver are weirs ,  t h i ck bars are bridges. The inset 
shows the sect ions of r iver in s it u .  

farmland ( most ly c i trus groves and vegetable plots) .  
Some parts oft  he river bed were damp and muddy wit h 
Juncus reeds and grass, and other parts were dry and 
stony with oleander bushes .  M ost  of the  river bed was 
was flanked wi th  dense bands of bamboo. Two herds 
of about l 00 sheep and goats used the area in  dry 
weath er, passing  up and down t h e  river on the way to 
other pasture, feeding on the way. 

The s tudy took  place during a period of drought , 
which lasted from l 979 to 1 983 i n  A ! icante and 
Valencia provi n ces.  The river flowed t hree t imes 
during the  study; water levels rose in a few hours due to 
the large catchm ent area of bare h i ll s ,  and fel l  in  a few 
days. The est imated area of water in  the  region C-F 
varied during the study between about 0.2 t o  0.8 ha ,  
mean 0 .3  ha ;  flow rates measu red with markers i n  the  
cu rrent were between 0 and 0 . 1 m 3. s - 1 •  A rea and flow 
increased to about 4 ha and l 5m 3 . s- 1 when the river 
flowed. 

The s t ream bed was stony, with few water weeds 
apart from algal  mats .  There were a few l arge beds of 
bulrushes, otherwise cover was provided by the 
marginal bamboo and rocks and stone walls. The 
ava ilabi l i ty of prey has already been described (Ha iley 
and Davies, l 986a), part icularly the  drying pools with 
trapped fish which were a feature of the drought .  
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M ETHODS 

Snakes were captured by hand a ft er s earching 
systematical ly a long the  stream and over the river bed. 
A t  night t hey were located w i t h  a torch,  retained 
overn ight in clot h bags for handl i ng, and rel eased the 
next  day at the place of capture.  Each snake was 
weighed wi th  a Pesola scale and measu red against steel 
tape rule.  A l l  lengt hs are snout-vent lengths ,  SVL.  

l n most cases sex was determined from the 
appearance of the ta i l ,  wh ich is long and has a swell i ng 
at the  base in males .  This was often unclear in smal l  
sna kes and those in poor condi t ion,  and t h ese were 
probed wi th  a grass stem or a rou n d-ended nylon 
bris t l e  to determ ine  t he presence of hemipenes 
(Schaefer, 1 934) .  A n  attempt to use p las t ic  mesh tunnel 
t raps fa i led; a l though snakes were captured in th is 
way,  t he t raps and fences were soon d is turbed by s heep 
and moved or destroyed. 

Snakes were marked by cl ipping the ventral scales, 
and they were also recogn ised by natura l  m ark ings 
( Ha i ley and Davies ,  1 985) .  Some snakes were removed 
for s tud ies of metabol i sm and reproduct ion  (Ha iley 
and Davies, 1 986b, l 987a respectively) .  These were 
most ly from outs ide the study area; smal l  snakes from 
A lcalal i  ( Fig. 2, A-B)  and adult  females fro m  pools 1 -3 
( Fig .  2, B-C) .  The heads of these snakes were analysed 
for growth rings. 

1 460 ind iv iduals  were marked in the area C-F from 
A ugust 1 98 1  to Au gust 1 983,  1 4 1 3  of t h ese d uring the 
main sampl ing sessions.  A bout 400 more were 
captu red in the area B-C from June  to A ugust 1 983 ,  
on ly  one of wh ich ( a n  adult  male) was original ly 
marked in  the area C-F; most of these snakes were 
marked and released, but are not included in the  
populat ion analys is .  S i m ila rly, about 300 have been 
capt u red at  A lcalal i  (A-B)  at various t imes,  but no 
marked snakes have been found or released t h ere.  I n  
to ta l  the  1 860 snak es mark ed in  the  area B-F were 
captured 24 1 0  t imes, many of the recaptu res being at 
short interva ls .  

G R OWTH R I NGS  
H eads were bo i led  in  water  ( somet i m es i n  the  field) 

for several hours to soften t he flesh, then the 
ectopterygoid bones were removed, cleaned of muscle, 
and a ir-dr ied.  These were cleared in glycerol for 0 to  J 6 
hours,  in proport ion to t h e  s ize of the  bone, and 
exami ned under 40 x magn ificat ion ( Bryuzgi n ,  1 939;  
Petter-R ousseau x ,  1 953) .  Mandible bones were treated 
s i m i lar ly ,  but proved to have less clear r ings and were 
not used. 

G R OWTH 
Observed groll·th 

R ES U LTS 

Only data from captures separated by at least J OO 
days of act ive season (a l lowing for a 1 20 day 
h ibernation period for recaptures in  different years) 
have been used. E rrors in measurement of S V L  make 
short t erm growth  difficult  to  s tudy in snakes which 
grow s lowly .  O bserved growth rates were highly 
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Fig. 3 Observed growth rates of Natrix maura between 
capt u res a t  intervals of > J OO days. a) fem ales, b) males. 
Equat ions ( l and 2) i n  the text .  

variable (Fig. 3) ,  reflect ing the h igh variabil ity in  
feeding opportun i t i es i n  t ime  and space i n  the d ry ing 
river (Ha iley and Davies ,  I 986a). Only about 5 per cent 
of t h is variabi l i ty could be expla ined by the size of the 
snake,  although the regressions of growth rate (mm 
SVL.  day- 1 )  on  in i t ia l  S V L  (cm) were significant , and 
are used as summari es of s ize-specific growth: 
Females :  Growth rate = 0. 1 04 - 0.00 1 72 SVL ( I )  

( n  = 1 09, r = -0.23,  P<0.05) 
Males :  G rowth rate = 0 .057 - 00 1 34 SVL (2) 

(n = 87,  r = -0. 2 1 ,  P<0.05) 
As the observed growth rates were so variable, no 

at tempt has been m ade to fit the da ta  to m ore complex 
growth formulae (Fuk ada, 1 96 1 ;  A ndrews, 1 982). 
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Fig.  4 N u m ber of growth r ings in the ectopt erygoid of 
N. maura a) femal es ,  b) males. Source of specimens: 
• A lcala l i  ( Fig. 2, A-B) ;  o pools l -3, area B-C. Equations (3 
and 4) in t he text . 

Gro11·1h rings 

Narrow nngs which wou l d  be expected to 
accompany s low gro wt h  were se ldom seen . I t  i s  
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therefore thought that  m o s t  rings were produced 
during periods of fast er growth,  or remained from 
normal growth preceding t he drought .  The relationship 
between the num ber of growth r ings and SVL (cm) is 
shown in Fig. 4, described by the  equat ions :  
Females: G rowth rings = 0 . 29 1 SVL - 3.3  (3)  

(n = 1 1 9 ,  r = 0 .8 1 ,  P<0.0 1 )  
M ales : Growth rings = 0. 342 SVL - 5.0  (4) 

(n = 1 05 ,  r = 0 .73 ,  P<0.0 1 )  
l f  i t  is assumed t hat the  nu m ber of growth rings 

equals  the  age in years,  t hen equat ions 3 a n d  4 can be 
rearranged t o  show size vs age: 
Females: SVL = 3 .44 Age + 1 1 . 3  (5)  
Males :  SVL = 2 .92 Age + 1 4. 6  (6) 
These equat ions pred ict growth rates of 3 . 4  and 2. 9cm. 
year- 1  and hatchl ing SVL of about 1 1 . 5 and 1 4. 5cm in 
females and males ,  respect ively . 
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Fig. 5 Seasonal abundance of N. maura of different s izes 
( including recaptures), with inferred growth curve for the 
fi rs t  ful l  year fit ted by eye. a )  M al es,  t r u ncated a t  30cm, 
b) fema les,  t runcated at 40cm. 

Growth of juveniles 

N o  data are available o n  observed growth of 
juven i les as none were recaptured, and  few heads were 
available to s tudy growth r ings of s m a l l  s nakes .  
G rowth of juveni le  snak es m ay also be est i m at ed from 
the seasonal abundance of individual  size ( Fi tch,  1 96 1 ;  
Saint  G irons, 1 965) .  The smallest snakes found ,  of 
both sexes, had SVL of I 2- l 4cm ( Fig. 5) ,  s im i lar to the  
size of hatchlings (Davies ,  unpublished) .  Fig .  5 shows 
suggested growth during the fi rst fu l l  year from 1 3  to 
20cm. 

S n akes of 1 2- 1 4cm were com monly found under 
p i l es of rocks i n  early spring a t  two l ocat ions (Fig. 2), 
from where they d ispersed, and s l ight ly l arger snakes 
were found in many places later i n  the  year. No 
juveniles were found u nder these rocks, or anywhere 
else, in autumn, and the activit ies between hatching 
(probably in September, fro m  eggs la id  in Ju ly  -

Hai ley and Davies, 1 98 7a)  and the first h ibernation 
are unknown.  The l ack of growth unti l  the  fol lowing 
spring suggests that  they do not  feed much,  and they 
may remain near the  nest .  

MOVEM ENT 

M ovements of marked snakes between captures are 
of interest in two respects ,  considered over di fferent 
t ime scales . l )  Short term movements (<30 days 
between captures) show t h e  sca le  of exploration and 
foraging during rout ine dai ly  activity.  2) Long term 
d isplacements (captures in d ifferent years) show the 
overall extent of the area used,  or home range. Only 
mat u re snakes are considered, as o thers were seldom 
recaptured. G-tests have been used to  compare 
frequency histograms of displacements of males and 
females in different seasons ( Fig. 6) .  

Short term m ovements of both sexes were greater in 
spring (M arch to  May ,  Fig.  6b), when t he stream 
connected the pools,  than i n  the  dry period (June  to  
October, Fig. 6a)  when the  poo ls were isolated and 
movements would h ave to  be over dry land (P<Q.0 1 for 
each sex). I t  is t herefore not possible to separate ease of 
movement from searching for mates as causes of 
increased m ovement in spring. There was no difference 
between the sexes in short term movements in either 
period (P>O. I ) . 

Long t erm displacements (Fig.  6c) were greater in 
females (mode 80-320m) t han males (mode 20-80m), 
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Fig. 6 Dist ance between captu res of adu l t  N. maura, ma les 
above, fem ales below. a)  Short t erm movements in sum mer, 
b) sh ort term, spring, c) long term. Note the logari thmic  
distance scales; means and sample  s izes in  Ta ble I .  
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Short term, sum mer 

Short term, spring 

Long term 

Between successive captures* 

Between first and last captures * *  

M in imum h o m e  range lengt h * *  

Males 

23 ( 1 32) 

68 (32) 

1 1 3 (54) 

66 ( 800, 66) 

I 00 ( 300, 1 4) 

1 70 (800, 1 4) 

Females 

9 ( 1 8) 

76 (27) 

204 (48) 

1 1 0 (950, 40) 

1 80 ( 620, 1 0) 

250 (950, I 0) 

TA B L E  I :  M ovements of adult N. maura; m ean displacements along the river, i n  m. Upper; total  data,  t h e  variation of which is  
shown in Fig. 6 (with number of movements) .  Lower:  snakes with four or more captures at in tervals of>30 days (with maximum, 
number of movements* or individuals * *) .  

P<0.00 I .  These movements were al l  i n  one dimension,  
up or down the river, giving a l inear home range. Few 
snakes were found in  the  river bed away from water, 
and these were usually between pools where t h ere was 
no conneting stream.  The l ength of the home range is 
est imated from snakes with fou r  or  more captures at 
in tervals of >30 days. This was on average 1 70m in 
males and 250m in females (Table l ) .  The greater 
long-term movements and home ranges in females 
reflect the  female> male size d imorphism i n  N. maura 
(Hai ley and Davies, l 987a).  

PO PULATION STRUCTU R E  
The sex ratio and size distribut ion o f  males and 

females varied between d ifferent parts of the river 
( Fig. 7 and Table 2). I n  the area C-E s l ight ly more 
males t han fem ales were captured. The sex ratio of 
adults was more heavily male-biased as t h ey reach 
maturity at a smal ler size (about 24 and 37cm i n  males 
and females, respect ively; Hai ley and Davies ,  I 987a) .  
Th is area he ld  t h e  high est density of snakes and 
t heir prey, but  snak es were a lso fou n d  in  o th er p laces 
t hought to be peripheral areas. 

Jn the pol luted area at Ja lon (E-F) t here were fewer 
smal l  or l arge snakes ( Fig. 7b ) ,  most being i n  the range 
25-35cm, i . e .  adul t  males and subadult  females.  The 
overal l  sex ratio was even, but the  adult  sex ratio was 
heavily male-biased (Table 2) .  A similar pattern was 
found at Alcalal i  (A-B),  though t here were more aduli 
females ( Fig. 7c). 

A rea All individuals 

M a l es 
Males Females Females p 

C-E 

E-F 

A-B 

672 593 I .  I <0.05 

72 76 0.95 >0.05 

85 I 1 9  0. 7 1  <0. 025 

(a) 
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Fig. 7 Size frequency histograms of N. maura, females 
above, males below; recaptures excl u ded. a) Central study 
area, Fig. 2 part C-E, b) pol luted area at J alon , E-F, 
c) A l ca la l i ,  A-B. Sample sizes in  Table 2. - - - - S ize at 
maturity .  

POPULATION SIZE A N D  TURNOVER 

The num ber of snakes i n  the  area C-F was esti m ated 
using Bai ley's triple catch method ( B egon, 1 979) on 
three main sampling sess ions:  A ugust-September 
1 98 1 ,  A pril-May and September-October 1 982, J une­
A u gust 1 983 .  A lt hough the  September-October 1 982  
sample  was l arge, i t  was from a restricted area due to 
an extremely low water level at that t ime and lack of 
snakes elsewhere. I t  was therefore u nsu itable for use 
separately, and was pooled with the  spring l 982 
sample. ·;; 

The results for mature males and fem al es are shown 
in Table 3. A l arge proportion of the est imated 

A dults  

M ales 
M ales Females Females p 

567 250 2.3 <0. 00 1 

64 9 7. 1 <0. 00 1 

72 23 3. 1 <0. 00 1 

TAB L E  2: Sex rat ios of individuals  fo und in d ifferent parts of the  river. The number of d i fferent m al es a n d  fem ales, t h e  rat io of 
m ales per fem ale, and t he probabi l i ty (:X. 2 test ) t hat the  true ratio is 1 . 0, are shown for al l  snakes and for adul ts on ly. 
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M ales Females 

Sample n u m bers captured: released 

1 9 8 1  1 29 : 1 28 53 : 53 

1 982 327 : 309 1 73 : 1 66 

1 983  240 : 238 74 : 65 

Last  previous capture n u m ber 

1 98 1 - 1 982  20 1 6  

I 98 1 - 1 983 6 3 

1 982- 1 983 38  22  

Estimate (with SE) 

Population size I 982 1 060 (360) 390 ( 1 40) 

Survival 1 98 1 - 1 982 0. 53 (0. 1 6) 0. 7 1  (0 .25)  

Recruit ment 1 982- 1 983 0.52 0.42 

TA BLE 3 :  M ark-recapture data and population est imates for adult N. maura i n  the area C-F. Sample numbers in  1 982 and 1 983  
include those recaptured from previous years. 

population were handled, 60 per cent of I 060 males 
and 66 per cent of 390 females .  The sex ratio of adults is 
2 .  7 males per female from the  populat ion estimates. 
The data also allow est imates of  survival and 
recruitment of adults between samples (Table 3) .  

POPU LATION D ENSITY 

The density of animals which are found along rivers 
is not a s imple concept (Turner, 1 977) ,  and  cannot be 
reduced to a single value. Two densit i tes are 
considered, of value in different contexts, depending 
on the defi n ition of the area occu pied . 

Ecological density 

This is concerned with the n u mber of animals in the  
area where they are  active (Odum ,  1 959), and should  
be used when considering rates o f  contact w i th  prey, 
predators and conspecifics. In N. maura, all foraging 
occurred in or close to the water, and  mating and 
basking snakes were a lmost always w ith in  2m of the 
water, often overhangi ng it (H ailey and Davies ,  I 986a, 
1 987a,b). The ecological density i s  therefore based on 
t h e  area of surface water, 0 . 3  h a ,  i . e .  about 4800 adults 
ha- I .  

Crude density 
This covers the area used at a l l  t i m es of the  year, and 

any pockets of u nused habitat (Odum ,  1 959) ,  i . e . the  
area which would  have  to be protected to conserve the  
popu lat ion undamaged . I n  N. maura th i s  includes 
daily refuges in the  river bed and rock piles and walls 
a bove the river bed used for n est ing and h ibernation 
(Hailey and Davies, 1 987a,b).  I t  is based on the 
area of the river bed plus a band Sm wide on each 
s ide i ncluding stone walls of t h e  l owest terrace of 
farmland,  a total of 6 ha, i . e .  about  240 adul ts  ha- 1 .  
N. maura were not fou nd i n  the  surrounding farm land, 
e i t her by us or by the farmers, who readily 
d ist inguished them fro m  the com monly seen 'culebra 
bastarda' (Ma/po/on monspessulanus). 

D ISCUSSION 

G ROWTH A N D  A G E  AT MATUR ITY 

The results from J alon are compared with t h ose for 
N. maura in central France, based on the seasonal 
distribution of length ,  gonad histology and growth in 
enclosures (Dugu y  and Saint G irons , 1 966). Their  
results h ave been converted fro m  total length t o  SVL 
using the equations of  H ailey and Davies ( I  987a), 
and are summarised in Fig. 8.  H i stology revealed that 
males underwent the first ,  abortive, spermatogen es is 
at two years o ld ,  and were mature at t hree. D u  guy and 
Saint  G irons had less data for females ,  but suggested 
t hat they were mature at four .  

4 0  

� 30 30 

.J 
> 20 2 0  VI 

la )  
1 0  10  0 5 10 15  0 5 10 

Age (years ) 
Fig. 8 G rowth curves of N. maura, a) females, b) ma les. 
OBS)  Observed growt h above 20cm,  equat ions  I and 2, 
M A X )  m a x i m u m  observed, ra tes of 0 .2  and 0 I . m m.day· 1 in 
fema les and males ,  respect i vely,  R l NGS)  from growth r ings, 
equat ions  5 and 6, F R A NCE)  from Du guy and Sa in t  G irons 
( 1 966) s tudy of N. maura i n  France. ---- s ize and age at 
maturi ty .  

The size of hatchl i ngs in France, 1 3cm,  is  s imilar to 
t hat of the  smal lest snakes found at J alon,  where they 
were first seen in spring. G rowth to 20cm after the first 
full year is suggested by t h e  seasonal distribut ion of 
SVL (Fig.  5 ) .  Observed growth above 20cm in 1 98 1 -
1 983 was slow (Figs.  3 and 8) ,  presumably  the  result of 
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drought and low food supply.  Snakes wi th  two growth 
rings had SVL of about 25cm (Fig. 4 ) ,  and i t  is t hought 
t h at both sexes normally grow to 2Scm after two years. 
These snakes were from A lcalal i ,  where worms were 
abundant near the polluted area even during the  
drought - these are  a common food of s mal l  snakes 
(Hai ley and Davies,  1 986a).  

The growth  ring data (equations 5 and 6) suggest 
constant growth of SVL above 25cm, at rates of 2 .9  
and 3. 4cm. vear- 1 in males and females, respect ively . 
The maxim

,
u m  observed growth ratesi were about 0. 1 

and 0 .2mm. day- 1 in males and females ( Fig .  3) ,  or 2 . 5  
and 5 .0cm.year- 1 over an active season of 245  qays .  
These rates are shown as growth curves in Fig. 8 - t hey 
are sl ightly lower t han those found in France. It is 
concluded t hat : l )  The drought severely reduced 
growth,  particu larly above 20cm, and that  in  normal 
years;  2) M ales reach adult  s ize at two years old ( in  the  
autumn) and  breed the fol lowing spring in t heir th ird 
year as in France; 3 )  Females reach adult size and first 
breed in t heir fifth year. 

POPULATION DYNAM I CS 

The dynamics oft  he populat ion are now explored t o  
calcu late the  juvenile survival rate n eeded for stabil i ty 
and make predictions for further study.  The results 
suggest t hat the adult female populat ion was 
increasing at the proport ional  rate er = I . 1 3  per year 
(survival 0. 7 1  + recru itment 0.42, Table 3).  This 
seemed un l i kely during a drought and so,  as it is not 
apparent which is an overestimate, bot h s u rvival and 
recru i t ment have been divided by l . 1 3 , to give 0.63 and 
0.37 respectively and a stable populat ion ( i . e .  e '  = I  .0) .  
This  gives an annual tu rnover of0.37 x 390 = 145 adult 
females .  A similar adjustment for males (ef  = 1 .05)  
gives bot h s urvival and recru itment values of O .SO. 

M ean fecundity was 7 . 1 viable eggs per adult female 
per year (Hai ley and Davies, 1 987a),  or 2770 eggs 
for the whole population, half of the eggs arc assumed 
to  be female.  I n  the five years to  maturity this number 
must be reduced by a fact or ofO. I 05 for recruitment of 
1 4S adults .  This is equivalent to constant survival at 
t h e  rate 0 . 1 OS 1 15 = 0.64 year- 1 over th is  period, i . e .  
s imi lar to that of adult females.  

Survival of i mmature males and females s hould be 
si milar;  what is the effect ofa surv ival rate of immature 
males of0.65 year- 1 on the male popu lat ion dynamics? 
This would  give annual recru itment of 380  t hree year 
o lds ,  0 .36 of t h e  adult populat ion .  The d ifference 
between th i s  value and recru i tment  calculated by 
mark-recapture,  0 .50-0. 36 = 0. 1 4, could be due to 
immigrat ion .  I n  t hat case there should be a s i mi lar loss 
i n  emigrat ion,  and the survival rate with i n  the  study 
area from mark - recapture (0.50) plus t h is 
emigration would give a total  s urvival rate of adult 
males of 0 .64 year- 1 •  

Three conclusions can be drawn from th is  
discussion:  
1 )  The adult  male and adult  female populat ions were 
stable or increasingly s l ightly .  
2)  There was d ispersal of  adult  males but  not  of adu l t  
fem ales.  

3 )  Total survival (including emigrants) of a dults was 
about 0.65 year- 1 for both sexes, and immature snakes 
would have to survive at the  same rate for t he 
population as a whole t o  be stable. 

The second conclusion is a predict ion from t he 
model,  and is supported by the  population structure 
data .  D is persal of adult  males (and of subadult males 
and fem al es, immigration balancing e migrat ion) ,  but  
not  of adul t  fem al es or juveniles, would produce the  
population structure fou n d  in  peripheral areas 
(Fig. 7b,c) .  In the near a bsence of adult females, t hese 
areas must be stocked by d ispersal .  

COM P A R I SONS W ITH OTH E R  SNAKES 

Comparison with previous population s tudies of 
snakes suggests two areas for particular study at J alon. 
1 )  Growth and age at m aturity o f  females in normal 
condi t ions.  The five years suggeste d  h ere seems rather 
long for a small  colubrid - fem ales of most smal l  
snakes are mature at 2-4 years (Turner, 1 977) .  
2) Survival of juveni les .  Most studies h ave suggested 
t ha t  survival of juveni le  snakes is very low (Turner, 
1 977),  althou gh numerical values have rarely been 
obtained, and low probabil ity of recapture may also 
reflect t he difficulty of finding them. 
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Fig. 9 Frequency distribut ion of reported crude population 
densi t ies of  a)  snakes and b) l izards. Data from Table I X  and 
Fig. I of Turner ( 1 977).  Note the logar i thmic density scale. 
The position of the N. maura crude density of  adults  is s hown 
in  (a) .  

Density 

The crude density can be compared to those 
reviewed by Turner ( 1 977), which had a geometric 
mean of about 3 H a- 1 ,  an  o rder of m agnitude l ower 
than  for l izards - Fig. 9. The high value in N. maura is  
not surpris ing in  view of the  r ich food supply normally 
associated with water. 

The very high ecological density shows a h igh 
potential  for contacts  wit h  conspecifics around the 
water. Natrix maura d id not seem t o  have complex 
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social or reproduct ive behaviour; courtship,  aggression 
or t erritorial i ty were never seen,  and mat ing accounted 
for only about 0 .3  per cent of a l l  s ightings. Snakes 
usually seemed to ignore each other, t hough on two 
occasions they were seen competing for food, by 
s imultaneous i ngest ion.  H ai ley and Davies ( 1 987a) 
calculated that fem ales mated several t imes per year by 
observing sperm in cloaca! flu id  - t his .would be 
interest ing to compare in a less dense popu lat ion.  

Survival 

There are not suffic ient  da ta  on snake survival  to 
a l low firm conclusions to be drawn, but the 1 4  
populat ions reviewed by Turner ( 1 977) are suggest ive. 
Survival of t hese ranged from 0.25 to 0 .86 year- 1 ,  mean 
0 .6 1 .  Smal l  colu brids ( Carphophis, Diadophis, 
Heterodon. Rhabdophis. Thamnophis) had relat ively 
low survival (0.25-0.63,  mean 0.43), large colubrids 
(Co/uber. Elaphe. Masticophis) were intermediate 
(0.40-0.86, mean 0.67) and viperids had h ighest values 
(0. 70-0.82,  mean 0. 75) .  The survival of adult N. maura 
is t hus greater than t hat  of other smal l  colubrids. This, 
together with the h igh populat ion density, is probably 
due to the scarcity of predators (see Conservation 
below). 

E rFECTS OF DROUGHT 
The adult  populat ion as a uni t  w as resistant to 

drought, poss ibly even increas ing. Female repro­
duction was also l i t t le  affect ed, assuming that  females 
have a fixed number of fol l i cles devel oping each year 
according to body s ize; on average only I 8 per cent of 
these foll icles were atretic  (Ha i ley and Davies ,  1 987a).  
In contrast growt h was very slow ( Fig. 8),  and most 
adults did not grow at a l l .  

Widely foraging 

A nnual differences in reproduct ion within popu­
lations, correlated to food supply, have been shown i n  
a number of  repti les (Bal l inger, 1 977;  Swingland, 1 977; 
A ndren and N i lsson, 1 983;  Seigel and Fitch, 1 985) .  
A nnual variat ion in  growth  h as been shown in long­
l ived repti les (Peabody, 1 958 ;  Stu bbs and Swingland, 
1 985). A mong female rept i les,  only snakes and 
crocodiles show substantial  growt h after maturity 
(Hailey and Davies, 1 987a),  suitable to show clear 
trade-offs between growth and reproduct ion with 
different food supply.  This study shows that growth is 
reduced before reprodu ction in adult female N. maura; 
i t  is suggested that they grow only after their 
reproductive capacity for the year has been completed. 

MOVEM ENT 

Table 4 summarises data on the  movements of non­
m igratory natricine snakes;  those which migrate to 
h ibern acula may move much further, for example 
l I km in Thamnophis sir ta/is in  Canada (Gregory and 
Stewart, I 975). 

The widely foraging grass and garter snak�s· move 
further t h an the more sedentary water snakes, both 
between successive dai ly radio fixes and between 
captures at  longer int ervals. This correlates with the 
activity metabolism of these ecological types, act ive 
natricines having a great er capacity for sustained 
aerobic activity (H ailey and Davies, 1 986 c). 

Home ranges show no pattern,  as expected as these 
should be related to the amount  of food avai lable 
within an area ( M ace, Harvey and Clutton-Brock , 
1 983) rather than to the  dist ance moved during 
foraging within that area.  All  of these natricines a re 
found in product ive m arsh or riparian habitats. 

Si t-and-wait  

(a) Dista nce between captures (m) 

Thamnophis sirtalis 

Thamnophis butleri 

Thamnophis butleri 

Thamnophis sirta/is 

Thamnophis sirtalis 

Natrix natrix 

Thamnophis sirtalis 

Natrix 1101rix 

Thamnophis sin a/is 
Thamnophis sirtalis 

Thamnophis bu1/eri 

300 ( 1 )  

I 1 5  (2) 

72  (3) 

62 (3) 

58 (2) 

Natrix maura* 

(b)  Dai ly displacements of radio-t racked sna kes (m) 

30 (5) 

JO ( 6) 

Nerodia sipedon 

(c) Home range (ha)  

12  (5)  Nerodia spp 

I 1 ( 1 )  Na1rix maura* * 
0. 8 (2) Nerodia sipedon 
0.3 (2) 

44 (4) 

4 (6) 

5. 7 (5)  

0. 6 (4)  

0.5 (7) 

TA B L E  4:  S t udies of movement i n  na t ric ine sna kes according to  foraging mode. A s imple (un weighted) mean is used where data 
were original ly divi ded by sex or season .  References: 1 )  Fitch ( I  965);  2) Carpenter ( 1 952);  3) Freem a n  and Cat J ing ( 1 978); 4) t h is  
study; 5) M adsen ( 1 984); 6) Fitch and S h i rer ( 1 97 1 ) ;  7) Fraker ( 1 970). 

* S hort term. as other data are for successive captures. 

* * Assumed to  be 30m wide. corresponding to  t h e  area used for the crude popu la t ion dens i ty .  
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CoNSFR VATION 

The study popu lat ion is clearly large, dense,  and of 
ecological interest - is it l i kely to survive? M any 
snakes were k i l l ed by people, part icularly large females 
which were t hough to be poisonous - 32 of these were 
found decapitated or battered on paths close to  t he 
st ream or in the  water.  H owever, t h is is probably not a 
new occurrence, and the populat ion seems able to  
withstand it . The  high density is  indeed l i kely to  be  due 
to  human interference, on predators of snakes .  There 
were very few predatory birds or mammals in the  river, 
and no terrap ins (one Pseudemys ( ! )  was found at 
Ja lon ,  but several st uffed Mauremys were seen on sale 
at nearby coastal resorts). 

The main threat is  furt her urbanisat ion of the Ja Ion 
vailey and increasing pol lut ion,  eventual ly  k i l l i ng the 
fish in the river. These are probably necessary prey for 
l arge N. maura, although smal l  snakes comm o n ly take 
worms which are com mon in pol luted areas (H ailey 
and Davies ,  1 986 a) .  This has probably a lready 
happened at Gata  (Fig . l )  and other places in A l icante 
and Valencia provinces, which are vulnerable because 
o f  low normal rainfal l .  
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A REVI EW O F  G E OGRA PH I CAL VARIATI O N  I N  GERRHOSA URUS MAJOR 
D UM ER I L  (SAURIA : CORDYLIDAE) 

D O N A L D  G .  B R O A D L EY 

Nm11r11/ / -li.1 101T M11sP11111 u( Zi111bah11·P, P. 0. Box 240. B11/111 1 'a.1 ·0. Zi111bah11·P. 

(A capwl 3 1. I 0. R6) 

A BSTRA CT 

Examina t ion of most  o f t  h e  ava i lab le  m a t erial  of Gcrrhosaurus major i nd icates t ha t  on ly  t wo geograp h i cal  ra ces 
shou ld  be recogn ised,  t h e  t y p i ca l  form ( w i t h  gran dis Bou l enger as a synonym) in eastern A fr ica and G. m. bo11egoi 
Del Prat o (wi t h  zechi Torn i er as a synonym) ranging from nort hern Somal ia  west t o  G hana .  

Jn  the  l a s t  revis ion o f  t h e  genus ,  Loveridge ( 1 942) recogn ised fou r  races, bu t  d id not  rea l i se t hat  t he  name bo1 1 egoi 
was app l i cab le  to t h e  dark form which  he called zechi. The range of variat ion in t h e  typica l  form inc ludes all t h e  
m aterial  t hat Loveridge ass i gn ed t o  bollegoi a n d  gran dis. 

I NTR OD UCTI ON 

When the  genus  Gerrhosaurus was las t  reviewed by 
L overidge ( 1 942) m o s t  of t he ava i lab le  m at er i al of 
G. m ajor was fro m  Eas t  A fr ica ,  and h e  ass igned i t  to  
t h ree races based on co lour  p a t t ern, us ing  the  
fo llowing k ey :  

' 7 .  H ead above, bu ff, e a c h  s c a l e  s p ot t ed w i t h  black . .  8 

H ead a bove, un iform buff or fu lvous brown . . .  9 

8. A bove head,  body and t a i l  a lmost b lack ,  each sca l e  
w i th  a s m a l l  buff s p o t  o r  s t reak  arranged t o  form 
i nt errup t ed l ines o n  back and s ides; be l ly s t reaked 
w i t h  dus k y ;  range Be lg ian Congo and Togo 

• • • • • • • • • • . • • . • • • • • • • • • . • . • • • • • • . 111. zechi 

A bove, h ead and body buff, each scale (except t hose 
forming  an  i l l -defined,  buff, dorsolat eral l i ne)  
heavi ly s treaked wi th  b lack or dark brown i n  
regu lar  l ines o n  b a c k  and s ides w i t h  a t endency t o  
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coalesce posteriorly and on t ai l  where the  buff 
survives only as spots ;  belly s treaked with dusky;  
range: Central Tanganyika north through K enya 
t o  E thiopia and Eritrea . . . . . . . . . . .  m. bo11egoi 

9. A bove, head only buff through back anteriorly 
largely so, whi le posteriorly, as also on s ides and 
ta i l ,  m any scales are streaked wi th  black or  dark 
brown among which large buff blotches or spots 
are prominent ;  belly usual ly streaked wi th  dusky;  
range Zu l u land and Transvaal north to  M oro­
goro, Tanganyik a  Territory . . . . . . . m. grandis 

A bove, head and body uni form buff or fu lvous 
brown; belly u n iform yellowish; range N ort hern 
R hodesia (?) and M ozambique north to Zanzibar 
along eastern Tanganyika Territory and  eastern 
K enya Colony . . . . . . . . . . . . . . . . . . . . 111. major' 

Later in 1 942, H .  W. Parker publ ished h is 
monograph on the  l izards of Brit ish Somal i land and 
independently rev iewed the  geograph ical races of  
Gerrhosaurus major. H e  regarded zechi as a synonym 
of  bo11egoi and, after examining the 'rather scanty' 
material in the British M useu m ,  recognised three races 
as fol lows: 

' I .  U niform brownish above, or with only irregular 
dark markings ;  tai l  with alternat ing darker and l ighter 
a n n u l i .  This form is confined t o  K enya Colony,  
Zanzibar and northeastern Tangany ika  Territory and 
is the  typical form. G. major major Du meri l .  

I I .  B l ack above, with longitudina l  series of  yel low 
spots between the  dorsal scales; a more or less dist inct 
yel low dorsolateral stripe; nanks  brown wit h l ongi­
tu dinal light necks forming regu lar series. H ead black 
above with smal l  yel low spots. This is a nort hern 
S u danese s u bspecies , ranging from the Gold C oast to 
Eritrea and Somali land.  It enters t he savannahs of  t he 
Congo around Garamba (Schmidt,  1 9 1 9), Uganda 
(Ky agwe and K aiso) and probably nort heas tern K enya 
(? USNM 422 J 6 recorded by Loveridge, I 929,  p. 66) .  I n  
Brit i sh  Som al i land i t  appears t o  be confined t o  t he 
mounta ins from the  Boroma district as far east as the  
G olis R a nge: G. major boltegoi de l  Prato .  

I I l .  S i m i lar  in  colour posteriorly to t h e  preceding, 
but anteriorly t he l ight mar k ings are more extensive, 
obl i t erat ing t he darker colour and the whole of the  
upper su rface of  the head i s  pa le  brown, u n iform or 
with smal l  black or chocolat e-brown spots .  This race 
occurs in Zulu l and, Transvaal,  M ozambique and 
Tangany ika Territory and should apparently be 
k nown as G. major grandis Bou! ' .  

Loveridge ( 1 957) persevered wi th  his own arrange­
ment ,  a l though admitt ing that  t here was a wide zone of  
overlap between grandis and typical major. 

I h ave long regarded grandis as a synonym of t h e  
t yp ical form (Broadley, 1 97 l ) ,  but i t  was n o t  un t i l  I 
began work on a check l ist of the  rept i les of Tanzania 
t h at the divergent views of Loveridge and Parker with 
regard l o  the status of G. m. bot1egoi attracted my 
at tent ion .  I t  was obviously des irable to est abl ish the 
correct appl ication of  t h is name and t o  update 
Schmidt's 1 9 1 9  distribut ion map. 

MATE RIALS A N D  M ETHODS 

The Natural H istory M useum of  Z imbabwe h as a 
series o f  60 specimens of G. m. major from Zimbabwe, 
Mo9a m bique and Zambia .  During a t hree month tour 
of m useums i n  the  U ni ted S tates i n  1 985 ,  I t ook  the 
opportun ity to  examine  addit ional  material of 
G. major and I was also able to check the specimens in 
t he Brit ish Museum (Nat .  H is t . )  during a brief 
stopover on my way back to Zimbabwe. S u bsequently 
I was supplied with data for an additional 1 1 5 
specimens of G. major by several other museums in  
Europe, the  U nited States and South  A frica. 

A s  no geographical variation in morphological 
characters h as been d et ected i n  G. major, this s tudy 
was restricted to colour pattern . 

The fol lowing acronyms were used t o  indicate the 
inst i tut ions holding G. major m at eria l  for each l isted 
locali ty :  AMNH = Am erican M useum of Natural 
H istory, New Y or k ;  BM = Brit ish M useum (Nat ural 
H istory), London; CAS = California A cademy of 
S ciences, San Francisco; CM = Carnegie Museum, 
Pittsburgh; FMN H  = Field M useum of N at u ral 
H istory, Chicago; J PT = J .P .  Tello Collection, M aputo, 
Mo9a mbique; MCZ = Museum of  Comparative Zoo­
logy , H arvard; M H N P  = Museum Nat ional  d'Histoire 
N aturel le ,  P aris; M Z U F  = Museo Zoologico de 'La 
Specola' ,  Florence; NMZB (+ UM) = Natural H is tory 
M useum of Zimba bwe, Bu lawayo; TM = Transvaal 
M useu m ,  Pretoria .  

RESULTS 

Loveridge ( 1 942, 1 953)  regarded t h e  u n iform buff or 
tawny t ypical  form (Fig. 1 ,  above)  as an ' East A frican 
coastal form '  replaced by the black s treaked grandis 
in land,  but even one of  the Zanzibar syntypes of major 
(MHN P 6539) has black infuscations i n  t h e  m i d-dorsal 
region,  increasing posteriorly. r have examined 27 of 
t he Tanzanian specimens from Mangasini  (= K wa 
Mtoro) and Dodoma which Loveridge identified 
in i t ial ly  ( J  933) as zechi and subsequent ly ( l  942) as 
bollegoi, because of the black marki ngs on head and 
body. These vary in extent fro m  5 to 50 per cent on the  
head,  from I 0 t o  50 per  cent  o n  t he body anteriorly and 
from 50 to  90 per cent  posteriorly . 

The l izards fro m  Zimbabwe show a lmost the  fu l l  
range o f  colour patterns found i n  Tanzania .  The most 
extensive dark m ark ings are found in juven i les .  
U M  1 7904 from Tanganda Bridge, with a snout-vent 
lengt h  of 78mm,  has symmetrical black head 
mark ings, m ost extensive on the frontal, frontoparietals 
and parietals .  UM 1 8705, a 1 OOmm S V L  juvenile from 
M ahenya, and U M  27553, a 1 28 m m  SVL subadult 
fro m  M ut are, also show t hese mark ings in a reduced 
form . M ost  adult specimens have n o  dark head 
markin gs ,  but the body is m ore or less streaked wi th 
black , increasing posteriorly, t h ere is m u ch variation 
with in  a populat ion.  The only specimens with no dark 
markings on the body are two fro m  K apami in 
H wange District ( the most  westerly local ity) ,  one from 
Tri angle and one from M ah enya, w here most adults 
are heavily streaked with black . Most Mo9ambique 
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Fig.  1 Dorsal  v iews or (above) Gcrrhosaurus m ajor major 
(CAS 1 23 1 6 1  Laisamis ,  M a rsa bit Dist rict . K enya) and (be low)  
G. major bollefioi (CAS 1 40367 K a m p i-ya-Samaki .  Lake Baringo, 
K enya) .  These are the nearest adjacent loca l i t ies for t h e  two 
su bspecies. Photos by courtesy of R. C. Drewes. 

l izards have black streak s  on the  body at l east 
post eriorly ( including M C Z  5 0997 from Tete, 
ident i fied as G. m. major by Loveridge, 1 953) ,  t h e  only 
un iform bu ff specimen is U M M Z  6 1 4 1 8  from L u mbo. 
Specimens from Zulu land (Poo ley ,  1 965,  p l .  5)  and the  
Transvaal (Pienaar, l 978,  p l .  37 ,  3 7  A)  are  usual ly 
heavily streak ed with black on t h e  body. 

At the northern end of its range, specimens of 
G. m. m ajor from sou t h ern Soma l ia  vary fro m  having 
the dorsum heavily streaked with b lack to completely 
devoid of dark m ark ings (photos suppl ied by B.  Lanza). 

G. major bo11egoi does not show appreciable geo­
graphical variat ion in co lour  pattern .  The head is 
about 70 per cent and the dors u m  80 per cent dark 
brown or black with symmet rical  ye l low spots on t h e  
dorsal  h ead sh ields,  l ines of  ye l low spots on the  back 

and usually a cont inuous y el low dorsolateral stripe; 
the flanks and ventrum are usually light brown, 
someti mes with yel low streak s  (Fig. l ,  below). Du nger 
( 1 967) reports that ma les from Jos, N igeria ,  have a 
d istinctive slate-blue chin and throat .  

GERRHOSA UR US MAJOR B O TTEGOJ Del Prato 
Gerrhosaurus Bot tegoi Del  Prato, 1 895 ,  A I i i. Soc. 

ital. Sci. nm. , 35: 1 9, fig. 1 - l a. Type local i ty :  Valley 
of  G hinda, E r itrea ( = E th iopia) .  R eprinted in 
1 929 by the l ns t i tu to  di Zoologia,  M useo Bot tego, 
R egia U n ivers i ta  d i  Parma, with an addit ional 
plate.  

Gerrhosaurus maior var.  zechi Tomi er, 1 90 I ,  A rch. 
Naturgesh. ,  67:  74, fig. l .  Type local i ty :  K et e  K ratje, 
Togo (= G hana).  

Gerrhosaurus zechi Schmidt ,  1 9 1 9 : 509, f ig.  2 1 ,  pl .  xx ,  
fig. 2 .  

Gerrhosaurus m ajor Loveridge, 1 929:  66 (part ,  K enya); 
B o hme, l 975:  36.  

Gerrlwsaurus m ajor bollegoi L overidge, 1 942: 498 
(part) ;  Parker, 1 942 :  77 ;  Wermuth 1 968:  1 2  (part ) ;  
L anza, 1 983 :  2 1 4  (part ) .  

Gerrhosaurus m ajor zechi Loveridge, 1 952 :  24 1 ;  
Du nger, 1 967 :  1 76, p l .  3 ;  Wermuth ,  1 968:  1 2 . 
Habitat. R ock outcrops ( D u nger, 1 967; Bohme,  

1 975) and open savanna,  where t hey l ive in burrows 
(Schmidt ,  1 9 1 9). 

D is1ributio11. Nort h ern Et hiopia,  northwestern 
Somal ia and west ern K enya west to G hana ( Fig. 2) .  

Recorded localities. G H A N A :  K et e  K ratje (ex Togo) 
(Tornier, 1 90 1 ) , Mole Nat ional  Park (BM) ,  Wa (BM , 
CAS,  NMZB) .  B ENIN : K oussokoingu ( Loveridge, 
1 952) .  N I G E R I A :  Bauchi  (Du nger. 1 967),  J os P lat eau 
(Dunger, 1 967;  B M ) ,  Waka (Dunger ,  1 967) .  
CA M E ROUN:  M okolo (Bohme ,  1 975) .  CENTR A L  
A FR I CAN R E PUBLIC :  Bozo (MH NP) .  ZA I R E :  
Garamba (A M N H ). S U D A N :  Ngangala (FM N H ), 
Torit (FM N H ) . UGANDA : B agu ngu ( B M ), K aiso 
(BM) ,  Ma bira Forest ( B M ) .  K EN YA : no local i ty 
(Loveridge, 1 929:  USNM 422 1 6);  8km SSW of A m aler 
(M CZ), K ampi-ya-S amak i ,  Lake Baringo (CAS).  
ETHIOP I A :  Val ley of Ghinda (Del  Prat o, 1 895) .  
S O M A LI A :  B orama D ist rict (BM) ,  Wagar,  Golis Mts 
(BM) .  

GERRH OSA UR US MAJOR MAJOR Du meril 
Gerrhosaurus Major A. Du meri l ,  1 85 1 ,  Cai.  mhhod. 

Coll. Rep!. Mus. Paris: 1 39. Type local i ty :  Zanz ibar; 
Loveridge, 1 929:  66 (part ) .  

Gerrhosaurus zanzibaricus Pfeffer, l 889, Jahrb. 
hamburg. 1 1 •iss. A nSI. , 6: 7. Type local i ty :  K i buen i ,  
Zanzibar. 

Gerrhosaurus bergi Werner, I 906, Zoo!. A nz. , 30: 54, 
fig. 1 -3 .  Type local i ty :  Usambara Mts . ,  Tanzania .  

Gerrhosaurus grandis Boulenger, 1 908,  A nn. Natal 
Mus. , I :  225,  233 ,  p l .  xxxvi .  Type local i ty :  Ubombo,  
Zulu land.  

Gerrhosaurus major major Loveridge, J 933:  3 1  l ,  1 936: 
64, 1 942: 502, l 953: 225 and 1 957 :  224; Wermuth,  
1 968: l l ; B roadley ,  1 97 1 :  59;  B roadley & Blake ,  
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1 979; 8; Pienaar, 1 978 :  94, pl. 37 ,  3 7A ;  Pakenham, 
1 98 3 :  20;  Pienaar, H aacke & Jacobsen, 1 983 ;  85 ,  
p l .  30, 30A . 

Gerrhosaurus m ajor zechi (not Tornier) Loveridge, 
1 933 :  3 1 1 and 1 936:  64. 

G errhosaurus major bo11egoi (not Del Prato) L overidge, 
1 942: 498 (part); Witte, 1 952: 1 6; Lover idge, 1 957 :  
224 (part ) ;  Wermuth, 1 968 :  12  (part); L anza, 1 983 ;  
2 1 4  (part) .  

Gerrhosaurus major grandis Loveridge, 1 942:  500; 
FitzS imons, 1 943:  280, fig . 1 62-4; Loveridge, 1 953 :  
224, 1 95 5 :  1 75 ,  1 956: 6 ,  J 957:  224 and 1 959:  34; 
B roadley ,  1 962: 8 1 9; Pooley, 1 965: 45, pl. v; 
P ienaar, 1 966: 79, pl. 27, 27A; R owe-Rowe, 1 968 :  32, 
p l . ;  Wermuth ,  1 968:  1 2 . 
Habitat. Savannas ,  usual ly l iving in rock crevices or 

o ld  termitaria .  
D is1ribu1io11. Southern E t h iopia and southern 

Somal ia  sout h  10 Zulu land, reaching its western l imits 
in the  H wange District of Zim babwe (Fig.  2) .  

Recorded locali1ies. ETHI O PI A :  B isan R iver 
(FM N H ) .  S OM A L I A :  A fgoi (MZUF), Alessandra 
Island (MZUF), Baidoa (Lanza-photo); B el ad (MZUF), 
D insor (MZUF); G iohar ( = Villaggio Duca degli 
A bruzzi: S cortecci 1 93 1 ) ; M areri (CAS) .  K EN Y A :  
J thanga H il ls (MCZ); I thumba (BM) ,  K i l ibasi 
(AM N H ), K il ifi (BM) ,  Laisamis (CAS) ,  Lukenya Hi l ls 
(USNM),  M aj i  ya Chumvi  (MCZ, USNM ), M ariakani  
( N M ZB),  M azeras (USNM) ,  M erelle R iver (USNM ), 
Mt .  M bololo (MCZ), M t .  S agal l a  (MCZ, USN M ), 
M urri (BM) ,  Sokoke Forest ( Loveridge, 1 936b),  Taita 
( Peters, 1 878), Takaungu (BM),  Tiwi ( FM N H ), Voi 
(MCZ,  FMNH ) ,  Yatta Plain (BM) .  TANZA N I A :  
D o d o m a  (MCZ), K asanga (Witte ,  1 952), K i losa 
( Loveridge, 1 923) ,  K ilwa (MCZ), Kwa M t oro = 

M angasin i  (MCZ, U M M Z), Liwale ( MCZ), Luguo & 
M kindo R iver ( Loveridge, 1 923),  Morogoro (AM N H ,  
B M ,  UMMZ), M ou nt K imi  ( Loveridge, 1 923) ,  
M wanza ( Loveridge, 1 933) ,  Tunduru (MCZ) , U lugu 
( Loveridge, 1 923) ,  Wembere (NMZB), Zanzibar (BM,  
M CZ).  ZA M BIA : Feira Dist r ict (Boul enger, 1 907), 
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G wembe Val ley ( N M ZB), 30km West of K atete 
(NMZB).  M A LA WI :  Lake Ch i lwa (TM ), L ibabu la  
R iver ( A M N H ,  M CZ). M O C:::A M B J Q U E :  A matongas 
(BM) ,  Ca ia  (Cot t ,  1 934) , J orge ( N M ZB) ,  Lumbo 
( U M M Z),  M k u rru rn bane, M orera and M uabsa (J PT) , 
M u da-Larn ego ( N M ZB),  l Ok m  S S E  and 25km S E  of 
R essano Garcia (NMZB) ,  Tete (MCZ, N M ZB) ,  X iluvo 
(NMZB), Zinave (J PT). ZJ M B A B W E :  Bangala Ranch 
(NMZB),  B irchenough Bridge (TM) and 30krn West 
(NMZB),  Chipol i  Farm, D o dd iebu rn R anch,  H ot 
Springs-Chirnanimani D istrict ,  Jemernbi H il l ,  K apami,  
Lake Kariba, M ahenya, M alonga Bridge,  Matowa, 
M utare, Odzi ,  R u enya R iver D rift,  R u pis i  H ot 
Springs, R u ware, Sabi Experimental  Stat ion,  Siyanje, 
Tanganda Bridge, Triangle ( N M ZB) .  TRA NSVA A L: 
Epsom Farm (TM),  G riffin Mine  and H ectorspruit 
(MCZ, TM), K a ap m uiden (TM ),  K ornat ipoort (CM),  
K laserie (TM),  Kruger Nat ional Park (P ienaar ,  1 966), 
Leydsdorp, Malelane (TM),  M ess ina (F i tzSimons, 
1 943), Middlesex Farm (TM),  Newington (FitzSimons, 
1 943), Schelm & M alta Farms, S ekororo, Thulami la 
(TM),  Waterpoort (FitzS i m ons, 1 943) .  ZULULAND:  
Ndumu Game R es erve (TM),  U bo m bo (BM) .  
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A B STRACT 

The Swanton M orley Ipswich ian s i te  y i el ded fossi ls of Bufo bufo, Rana arvalis arvalis, Rana temporaria, Rana sp. 
i n det . ,  Emys orbicularis, and Narrix natrix. This is the first Brit ish foss i l  record of Rana arvalis arva!is which today 
occurs in t h e  E u ropean low countr ies adjacent to  England. A second con t in enta l  form, Emys orbicularis, has 
prev ious ly  been reported from the site .  The n earest to  Swanton M or ley t hat these  h erpetological  species coul d  be 
found l iv ing to get h er t oday would be in the Meck len burg Distr ict of northern East G ermany.  

I NTRODUCTION 

A det a i led report on amphibians  and rept i l es from 
an J pswich ian in terglac ia l  age  s i t e  h as never  been 
presented,  a l t hough Stu art ( 1 979,  1 982) reported 
Emys orbicularis from six l pswich ian s i t es in  B ri ta in ,  
inc luding Swanton M orley .  Through the  k i ndness of  
D r .  A .  J .  St uart who col l ected the  foss i l s ,  and Dr .  J .  
C lack  who now i s  in charge o f  t h e  foss i l s  a t  t h e  
Un iversity M useu m o f  Zoology, Cambridge, I w as 
given t h e  pr iv i lege of s tudying the  S wanton Morley 
h erpetological fossi ls in the  summer of 1 986.  

The lpswichian lnterg/acial Age.  The l pswich ian age 
may be defined as t h e  temperate in terglac ia l  sequ ence 
between the cold Wolstonian glacia l  age (exact dates 
u n k nown) and the col d D evensian glacial  age wh ich  
began about  1 1 0,000 years before t h e  present .  I n  t erms 
of the h u man foss i l  record, t h e  Ipswic h i an wou l d  
represent mid Palaeol i t h i c  t imes.  Stu art ( 1 982) h as 
provided a general discussion of l pswich i an s i t es and 
t heir vertebrate fa u n as.  The Ipswich ian is the bes t 
k n own in tergl acia l  age, and many of i ts  s i tes have 
yie lded the A frica n h ippo (Hippopotamus amphibius) .  
The type s i te i s  Bobbi tshole ,  Essex .  

The Swanton Morley Site. The Swanton M or ley S i t e  
(F ig .  I )  l i es on  t h e  right bank  of the  R iver Wensum,  
abou t  2km nor th  of  the  v i l l age of Swanton Morley , 
N orfol k .  A l l  of t h e  h erpetological mater i al came from 
pits  (A , B ,  C, e tc . )  that were described in deta i l  by 
Coxon et al. ( 1 980) .  Pollen and fa una !  analys is  (Coxon 
et al. , 1 980; P h i l l ips ,  1 976; and Stu art , 1 976,  1 979, 
J 982) a l l  ver ify t hat the vertebrate assem blage i s  fro m  
several su bzones wi th in  t h e  l pwichian age. T h e  fossi l s  
and sediments ind icat e a back  channel of a meandering 
r iver .  Bone of Hippopotamus amphibius and Emys 
orbicularis, and fru i ts of a water chestnut (Trapa natans) 
ind icate a warmer cl imate than that  of today.  

H erpetological foss i l s  are a l l  from ei ther P i t  A or 
from Pit C. Fossils from P i t  A a l l  represent the l pl i b  
s u bzone o f  t he J pswichian and foss i ls from P i t  C a l l  
represent t h e  I p J I a s u  bzone o f  t h e  l pswich ian .  

Fig.  I T h e  d o t  ind i cates t h e  locat ion of t h e  Swanton M orley S i te. 
Norfo lk .  The open circle ind icat es the nearest area where al l  of the 
Swanton M orley herpetological species can be fou n d  l iv ing together 
today.  

S YSTEMATI C PA LA EONTOLOGY 

The foss i l s  reported below a l l  res ide in t h e  
coll ect ions of t h e  Un ivers i ty M u seum of Zoology , 
Cambridge. Specimen catalogu e nu mbers are prefixed 
by the l e t t ers S M  which designate t h e  Swanton M or ley 
s i te .  

C lass Amphibia 
Order Sa l i ent ia  

Fami ly  Bufonidae 
Bufo bufo Lauren t i  

Identified Material. Pi t  C J  (Zone I p J l a) ,  S ample 4: 
r ight  i l i u m  SM 273.  

Remarks. H olman ( 1 985)  h as discussed t h e  
i dent ificat i on of Bufo bufo on t h e  b asis of i lia !  
characters . Bufo bufo occurs i n  t he area today (Frazer, 
1 983) .  

Family R anidae 
Rana arvalis arvalis N i lsson 

Identified Material. Pit C l  (Zon e  l p l l a) ,  Sample  4: 
l eft i l i u m  SM 268; left i l i u m  SM 27 1 ;  s acral v ertebra 
SM 272. 



200 J. A LA N  H O L M A N  

Remarks. T h i s  i s  t h e  first fossi l  record of 
Rana arvalis from Brita i n .  Rana arvalis does not occur 
naturally in  G reat Bri tain today, but occurs in t he 
adjacent low co u n tr ies of the E u ropean Continent 
(A rnold and B u rton,  1 985 ,  p. 258,  map 37 ) .  The i l ium 
of Rana arvalis arvalis ( Fig. 2) h as been shown to be 
dist ingu isha ble from other Brit ish and E u ropean 
species (Bohm e, 1 977) .  The i l i u m  of Rana arvalis arvalis 
has a smoot h ,  elongate,  unelevated tu ber superior 
(term of Bohme, I 977, Fig. I )  t h at separates i t  from 
Rana arvalis 11'0/terstOJffi, Rana graeca. Rana la1as1ei. 
Rana lessonae. and Rana temporaria. Rana arva!is 
arva!is has a wel l-developed i l ia !  blade (ve x i l l u m  of 
B o hme, 1 977, Fig. I )  t h at separates it from 
Rana temporaria . The i l i u m  of Rana arvalis arvalis has 
a very small pars descendens ( t erm of B oh m e, 1 977, 
Fig. I )  t hat separates i t  from Rana arva!is wol1ersto1ffi. 
Rana dalmatina, and Rana graeca. Finally, Rana arvalis 
arva!is has a well-developed vent rolateral ridge on the 
i l ia!  (vexi l lum) that  separates i t  from Rana dalmatina, 
Rana esculenta, Rana latastei, and Rana ridibunda. 
Th e sacral vertebra is assigned to Rana arvalis arva!is 
as it differs from Rana temporaria i n  having its  sacral 
diapophyses directed much more a nteriorly. 

Today, /?.an a arvalis occurs in damp fields, fens,  and 
sphagnum bogs, often in the same area as 
Rana temporaria (Arnold and Burton, 1 98 5), but i t  is 
said to  prefer wett er h abitats.  It rarely occu rs at  h igh 
altit udes.  

Rana temporaria L i n naeus 

Identified Material. Pit A l  (Zone I p l l b) 1 97 1  
Sample:  right i l ium o f  a juvenile specimen S M  407. Pit 
C l  (Zone l p l l a )  Sample 4 :  l eft i l iu m SM 269; right 
i l i u m  SM 270. 

Remarks. The i l ium of Rana temporaria ( Fig. 2) is 
easi ly separated from other B rit ish a n d  European 
species in t h at it has a very poorly developed ilial blade 
and an elevated, sometim es roughened t u ber superior. 
Rana temporaria occurs in t h e  area today ( Frazer, 
1 983) .  

Fig. 2 Left i l i a  of Rana i n  lateral  view. A ,  m a le Rana /emporaria 
drawn from M ichigan State U n iversity Museum Specimen N u m ber 
3867; the l ine equals 2 m m. B, Rana arva/is arva/is redrawn from 
B o h m e  ( 1 977);  no scale was given.  Symbols :  t s ,  tuber s u perior; ib, 
i l ia!  blade, pd, pars descendens; vr, ventrolatera l ridge. 

Rana sp. indet .  

ldenlified Material. Pit C l  (Zone I p I I a) S a mple 4: 
left humerus.  

Remarks. The humerus of Rana may be distinguished 
from Bufo on t he basis of its  rounded rat her t han 
distally flattened dist al condyle. The fossil may 
represent Rana arvalis, Rana temporaria, or possi bly a 
t h ird species. 

Class R ept i l i a  

Order Testudines 

Family Testudinidae 

Emys orbicularis Lin naeus 

Identified Material. Pit C J  (Zone IpII a) 1 977-78 
Samples :  vertebra SM 1 92; right hu merus SM 1 77; 
second right pleural plate S M  1 79; peripheral plate 
SM 1 78 .  This m aterial  was seen by J. A .  Holman i n  
A ugust , 1 986,  but  was originally identified by A .  J .  
S t u art ( 1 979). 

Remarks. The pond t ortoise does not occur in 
Britain today, bu t occurs on the European Conti n ent 
(Arnold and B u rton,  1 985 ,  p. 259, map 48). 
Emys orbicu!aris, however. does not occur i n  the 
adjacent low countries of E u rope as does the other 
exotic Swanton M orley species,  Rana arvalis arvalis. 

Order Squamata 

Family Colubridae 

Natrix natrix ( L i nnaeus) 

Identified Material. Pit C l  (Zone l pl l a) S ample 2, 
1 977 :  four vertebrate SM 68, SM 69, SM 70, and 
SM 7 1 .  

Remarks. H olman ( 1 985) and Szyndlar ( 1984) have 
provided discussions and illustrations of how to 
dis t inguish t h e  individual vertebrate of Natrix natrix 
from other B rit ish and European species. Natrix natrix 
appears t o  be separate fro m  Natrix tesselata on t he 
basis of t he rounded (rather t han a t ru n cated) 
hypapophysis in Natrix natrix and on t he Jess gracile 
parapophyseal process in Natrix natrix (Szyndlar, 
1 984). This species occurs i n  the  area today (Frazer, 
1 983) .  

D I S C U S S I O N  

T h e  previously reported b i o t a  and sediments of t h e  
Swanton Morley Si te  h ave indicated an ecological 
set t ing of a back channel of a meandering river (Coxon 
et al. , 1 980; Phill ips, l 976; and Stu art, 1 976, 1 979, 1 982) 
and the herpetofauna is consist ent with t his 
i n terpretat ion.  Emys orbicularis could h ave l ived i n  the  
slow-moving back channel waters, and Bufo bufo, 
Rana arvalis arvalis, Rana temporaria, and Natrix natrix 
could have i n habited t he adjacent wet lands. 

Two of t he five h erpt i le  species from Swanton 
M orley do not occur in Britain t oday. The moor frog, 
Rana arvalis arva!is occurs in t h e  adjacent lowland 
cou ntries of t he E u ropean Continent;  t he E uropean 
pond tortoise, Emys orbicularis, occurs further inland 
on the continent  (Arnold and B u rton,  l 985, p. 258,  
map 37  and p. 259,  map 48) .  I t  is  n oteworthy that  the 
nearest to  Swanton M orley t h a t  t h ese herpti les cou ld 
be found l iving toget her today would be in  the 
M eck lenburg District of n ort hern E ast G erm any 
(Fig. l this  paper and A rn o l d  and Burton,  1 985,  maps 
3 1 ,  36, 37 ,  48 ,  and 1 1 4) .  Thus, t h e  Swanton Morley 
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herpet ofauna may wel l  suggest a more cont inenta l  t ype 
c l i m at e  for Br i ta in  during T pswichian t i mes.  
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FOR U M :  

(1 ) SEXUAL S ELECTI O N  J N  AMPH I B I A N S :  A R EPLY T O  H A LLIDAY A ND VERRELL 

R I C H A R D  S HI NE  

Zoology Depl. , The Unil'cnily () f  Sydne_1'. Nc11· So111h Wales 2006. A u.11ralia. 

The evol ut ionary in t erpret at ion of  sexual  d imor­
phism in amphibians has long been of i n terest to 
biologis ts .  Charles Darwin ( 1 874) noted o f  frogs t hat 
'a l t hough cold-blooded, the ir  passions are strong' ,  and 
suggested t hat d i morphism shou ld  be  common.  
H owever, he lacked the data t o  i nves t igate further.  
Over one hundred years later,  I revi ewed avai lable 
publ ished l i terature t o  see whether any corre lat ion was 
apparent between male-male com bat and ( i )  l arge male 
body size relative t o  fem ale size, and (2) t h e  presence of 
enlarged spines or t us k s  in  males .  S u ch correlat ions 
were evident at the  fam i l ia l ,  subordinal  and ordinal 
levels wi th in  the A m phibia and I in terpreted t h ese 
correlat ions as s upport ing t h e  Darwin ian hypoth es is 
t hat male-male com bat provided a select ive advantage 
to large body size and weaponry in m a les (Sh ine ,  1 979). 
A recent review by H al l iday and Verrell  ( 1 9 86), 
pri m ari ly a crit ique  of  my 1 979 paper, concluded t hat 
bot h my specific  resul ts  and my general approach were 
in error (e.g.  'a t tempt s ,  such as t hat by S h i n e, to find  
correlations between behavioura l  and m orphological 
charact ers are not usefu l ' ,  p.  90) . I regret t h a t  I did not 
know of  H a ll i day and Verre l l ' s  paper u n t i l  after i ts 
publ icat ion,  because most  o f  the i r  cri t ic isms can easily 
be shown t o  be inval id .  

The pri mary cri t ic ism level led by H al l iday and 
Verrell is t hat the  data base and methodology for my 
1 979 paper are u nre l iable because  ( I )  the i n formation 
came fro m  a wide variety of  pu bl ished sources, with 
h ighly variable samples sizes, techniques o f  measure­
ment ,  and preparat ion  of m ater ia l ;  (2) placing any 
species in a single category in troduces error because of 
possi bl e  intraspecific variat ion  in  sexual  s ize d imor­
phism or reproduct ive behaviour; (3 )  an alyses should 
have been done s eparately for var ious subgroups of 
amphibians (e .g .  aqu at ic  versus t errestr ia l  species; 
prolonged versus 'explosive' breeders ) ;  (4) I compared 
d i morphism among amphibian speci es k nown to show 
com bat,  to dimorphism among species in  which 
combat had not been recorded. I nevitably,  future 
s tudies wi ll show t hat many o f  t h ese lat ter  taxa also 
d isplay combat behaviour. 

I agree t hat a l l  of these fact ors in t roduce potent ial  
error into my 1 979 analysis;  i n deed,  I pointed t h is out  
i n  the original paper (pp. 300,  302) .  I mport ant ly ,  th is 
error wi l l  introduce random ' noise'  in to  t h e  analysis 
rat her than systemat ic  bias.  Thus, it  wil l  make it less 
l i kely for any stat ist i cal ly s ignificant correlat ions 
between behaviour and morphology t o  be demon­
strated.  The existen ce of strong correlat ions  between 
t hese variables in several amphibian taxa ,  despite such 
problems with t h e  data, suggests t hat the u nderlying 
correlations must be very strong i ndeed.  Thus, 

H al l i day and Verrel l 's ma in  cri t icism rein forces t he 
conclusions of my 1 979 paper, rather than cas t ing  
doubt  on  t hem. 

A secon d  m ajor cri t i cism by H al l i day and Verrel l  
( 1 986) i s  to point out  that  t here are  severai well-stu died 
amphibian species which are clearly except ions to the  
general correlat ion I fou n d  between large male  size and  
m ale-male com bat :  t hat is ,  where mal es fight wit h each 
other, but are s mal ler than  females.  H a ll iday and 
Verrell are correct in viewing t h ese cases as real 
except ions rat h er t h an s tatist ical ' noise' , but the  
i mportant po in t  i s  tha t  the  general correlation

'
s exist  

(and are s tat is t ical ly s ignificant )  despite exceptions 
such as t hese. N ei ther are these cases directly 
contradictory t o  the Darwinian hypothesis .  A l l  t hat  
t h e  hypothesis p redicts is t hat large male body size is 
l i kely to evolve if com bat is i m port ant  in determin ing 
m ale reproduct ive success . Whet her or not males grow 
larger than  fem ales wil l  depen d on other factors as 
well ,  including sexual  d ifferences in s urvivorship and 
selective pressu res on fem ale body size (see p.  302 of 
Shine 1 979) . The hypo! hes is  makes no specific  
predict ion about  t he s ize  of  males relative t o  females. 
The only basis for in t roducing sexual s ize d imorphism 
as a dependent variable in  the analysis,  rather t han 
abso lute male size, is essent ial ly to  use female size as a 
control.  H ence, the  prediction is that  adding an ex1ra 
select ive pressure for larger male  body s ize wi l l  tend to 
make it m ore l i kely (but certainly not i nevi table) that 
males will grow larger t h an females, compared to a 
species where m ale  body size is not  u nder that  pressure. 
Thus,  many 'exceptions'  (species with m ale com bat , 
but  wi th  males smal ler t h a n  fem ales) would be 
expected a priori, and are completely consistent wi th 
the  Darwin ian hypothesis.  

H al l iday and Verrell ( 1 986) also crit icise my analysis 
o n  the grounds tha t  i t  d id not  consider other 
behavioural strategies of males (e.g.  mat i ng inter­
ference), in which large body size m ay confer n o  
advantage to m ales. N ei ther d i d  I investigate other 
sexual ly d imorphic aspects of m orphology (e.g.  cert ain 
glands) or physiology (e.g.  energet ics of vocal isat ion) .  
These cri t ic isms mis in terpret t h e  in tended scope of my 
paper. I set out t o  consider only t hose attr ibutes of 
male amphibians ( large body size and possession of 
'weapons') which cou ld  readily be post ulated to  
increase su ccess in  male-male com bat ,  and to  derive 
and test pred ictions from t h is hypothesis .  Other 
sexual ly dimorphic attribu tes of amphibians also 
deserve attention, but  were outside the scope of my 
1 979 paper. l specifical ly dealt  only with the role of 
physical combat between m ales ,  not with any other 
form of male-male competi t ion .  This misunder-
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standing by H all iday and Verrell seems to be the  basis 
for much of their discussion. 

A fourth criticism by Hal l iday and Verrell is t hat I 
did not cons ider that sexual size dimorphism could  
result from survivorship differences between males 
and females ,  rather than resulting from natural 
select ion for different body sizes. Their assertion is 
incorrect . I argued that differential survivorsh ip  m ay 
be an important proximate cause of observed patterns 
of sexual size dimorphism in amphibians (p. 302). 

Finally,  Hall iday and Verrell correct ly  point  out an 
omission in my data for Plethodon g/utinosus, i n  w hich 
I had overlooked records of male-male combat .  The 
d irection of sexual size dimorphism in t hi s  taxon is 
uncertain (and perhaps geographically variable), 
because published accounts disagree with each other. 
M ore detailed data on t his species would be of  value. 

I do not wish to imply t hat my 1 979 analysis lacks 
Daws. For example, recent methodological suggestions 
for such comparative studies (e.g. H arvey and M ace 
1 982) convince me that t here are real dangers i n  using 
speci"es as the units in such analyses; a more detailed 
consideration of the extent of phylogenetic con­
servatism among the variables studied would add to 
the  value of my 1 979 work. The other obvious 
d ifficulty is my reliance on an essent ial ly a necdotal 
data base. The problem is not one of random error, but 
of the possibility of systemat ic bias ( if, for example, 
behavioural studies - and therefore records of  male 
com bat - had concent rated on some ' type' of 
amphibian wh ich also, for some unrelated reason, 
t ended to have males larger than fem al es). Such 
systematic biases are unl ikely to be a m ajor problem, 
because (a) there is no a priori reason to expect them, 
( b) t hey cannot explain the observed correlations 
between large male size and presence of ' weapons', and 
( c) further studies, as they accumulate, will readily 
show whet her t hese correlations are indeed valid.  

Despite these reservations about methodology, I 
disagree strongly with Hall iday and Verrell 's cavalier 

dismissal of the general approach of comparative 
analysis. I see nothing in thei r  crit icisms to make me 
doubt the basic results from my 1 979 study: large male 
body size (relative to female size) and 'weapons' are 
more common in amphibians known to show male­
male combat, than i n  amphibians where no such 
combat h as been descri bed. This correlation strongly 
suggests that these attributes have evolved because 
they increase male reproductive success by promot i ng 
success in combat. I agree with Hal l iday and Verrell 
( 1 986) that no single hypothesis can explain  the 
p henomenon of sexual dimorphism in  amphibians: the  
interplay of various ult imate and proximate influences 
i s  bound to  be extremely complex. Nonetheless, I 
remain convinced that comparative analyses of 
correlations between behaviour and morphology offer 
a powerful technique for discovering some of t h e  most 
i mportant of these influences . 
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(2) SEXUAL SELECTION IN AMPHIBIANS: A REPLY TO SHINE 

Our most important criticism of Sh ine's ( 1 979) 
paper was of his comparison between two categories of 
species ,  those with male combat and t hose i n  which 
combat may or may not occur. I n  his reply, Shine 
suggests that this will involve random 'noise' rather 
t h an systematic bias; I disagree. The first category 
includes species where fighting has been observed and 
described and t here is no reason to suppose t hat future 
research wil l  show that it does not occur in any of t hese 
species .  The second category, however, m ay include 
m an y  species in which fight ing does occur but for 
which it has not yet been described because they have 
been inadequately studied. If fighting is described for 
any species in this second category, those species 
would have to be reallocated to the first category. This 
in balance in the status of the two categories is surely a 
systemat ic  one. Only the accu mulation of future 

studies wil l  determine how s ignificant is this source of 
etror in Sh ine's analysis. 

O n  the point t hat Shine excluded dimorphic 
charact ers t hat are not related to combat because they 
were outside the scope of his 1 979 paper, I can only 
observe that the t i t le of that paper was h ighly 
m isleading. Sexual selection theory, since its original 
development by Darwin, has generally been regarded 
as having two major components, male compet i t ion 
and female choice. M any recent studies of sexual 
behaviour have shown t hat t hese two components, 
intrasexual and intersexual select ion, are often acting 
together within a mating system such that it is difficult 
if n ot impossible to differentiate their  effects ( H all iday, 
1 978;  Partridge and H all iday, 1 984). 
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Behind our crit ique of Shine a n d  h i s  reply to it l ies a 
basic q u estion:  w hether or not cross-species statist i cal 
t ests are a valid t est of evolut ionary t heory . Provided, 
as Shine acknowledges i n  his reply,  such tests control 
for the confounding effect of phylogeny, they m ay 
reveal biologically sign i ficant patterns. They can, 
however, only reveal correl at ions between characters 
and cannot prove a causal rel at ionship between t hose 
characters. Neit her can they necess arily shed l ight on 
the s i tuation in a part i cu l ar species, such as Bufo bufo. 
The u ncritical use of evolu tionary generalisations 
about the relat ionship between body s ize and sexual 
select ion has been attacked i n  a recent paper by 
G reenwood and Adams ( 1 987). They discuss w h at they 
describe as two fal lacious assu mptions:  first ,  t hat if 
large s ize is favou red by sex ual  selection,  males wil l  be 
larger t han fem ales and, second, that if males are l arger 
t han females,  this  must be evi dence of intrasex ual 
select ion among males. Our contention is t h at th ere is  
now so much evidence t hat body size is the product of 
many selection pressures in amphibians,  that further 
research should be direct ed towards est i mat ing 

accurately the strength of t hese pressures in individual 
species, not i n  seeking general isations across species. 

I thank Pau l H arvey for discussions of t hese issues .  
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Depart m ent of Biology, The Open University, 
M i lton K eynes M K 7  6A A ,  England 
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B OOK REVIEWS: 

( 1 )  Heathlands, N igel Webb ( 1 986). Collins.  223pp . ,  
£20: paperback £9. 95 .  

A n y o n e  interested i n  lowland heat hs w i l l  enjoy a n d  
ben efit from t h is boo k .  Confining h is survey to land 
below 800 feet, Dr. Webb descri bes the probable 
h ist ory of heaths in the U K ,  with some reference to 
t h ose in Europe and elsewhere. He outlines t h e  
formation a n d  m ai ntenance of the characterist ic  
podsolic soils found there and deals in considerable 
detail with heathland plant and i nvertebrate com­
m u n ities:  his treat m ent of t h e  vertebrates is less 
thorough. He concludes with an excellent chapter on 
m anagement and conservation and provides a list of 
references and of heathland nature reserves. 

On podsol formation,  Dr. Webb's chemistry is 
absurd: thus (p. 23) he writes : ' bases such as calcium, 
m agnesium, sodium and potassi u m  are leached by 
chemical processes in which they are replaced by 
hydrogen ions'.  H ow can chemical processes l each 
anything? In no chem ical sense can the m etal ions be 
classified as ' bases ' :  here Dr. Webb is using concepts 
abandoned by physiologists and the l i k e  at least 20 
years ago. I t  is dist urbing that this nonsense perhaps 
st i l l  forms part of ecology courses. Understanding the 
acidificat ion ·of heathland soi ls  wil l  require chemical 
u n derstanding too: hence Dr. Webb's m uddled 
remarks have more than academic import ance. The 
use of 'phosphorous' (u nknown in nature) i nstead of 
its  invariable form as 'phosphate' i n  describing plant 
nutrit ion,  et c. is widespread but chemically deplorable. 

I found Dr. Webb's account of the heat hland plants 
beautifully clear and quite fascinating:  he rightly pays 
most attention to H eather ( Ling) ( Caluna vulgaris), 
descri bing in detail  the long succession fro m  seeds to 
degenerate plants.  Renewal of this final  cover by 
burning (suggesting later), is fat al  for reptiles and 
amphibians:  it i s  a relief to read (p.  l 69) ' M an agement 
of heathland by burning must n ow be considered 
i n appropriate for . . .  rare repti les' .  H erpetologists will  
oppose all  burn ing of areas where rept iles and 
amphibians occu r; the peril is greater for the Sand 
lizard, with its poor dispersal habits,  than for the 
S mooth snake, contrary to Dr. Webb's assessment 
(p .  1 94). Dr. Webb stresses the i mportance of 
Common gorse ( Ulex europaeus) as shelter and food 
for the D artford warbler: although gorse is a fire 
h azard, we must not add to the t hreats to this rarest 
h eathland vertebrate by clearing t oo much of it. On the 
rare herpti les, Dr.  Webb surprisingly does not m ention 
The ecology and conservation of amphibians and reptile 
species endangered in Britain (Nature Conservancy 
Council ,  1 983), a most valuable sou rce of information 
on the N a tterjack toad, Sand lizard and S mooth snake.  
If he had read this ,  he m ight have m odified his 
statement on the Sand lizard (p. 1 66) that 'it w i l l  not be 
possible to  provide prescriptions for the conservation 
of the species' .  B H S  has provided such prescriptions 
and using them has su ccessfu lly preserved and 
increased Sand lizard popu lations. 

The style of writing is quite clear if somewhat 
repetitive: the print  is u n du ly small .  The book is well 
produced and illustrated, although some of the 
diagrams are hard to u nderstand. There are good 
photographs, including excellent coloured ones. l 
reco mm end this work to those interested in British 
wi ld l ife and its protect ion,  especially to all who enjoy 
the loveliness of our lowland h eaths. 

G. A. D. H aslewood 

(2) Handbuch der Reptilien und Amphibien Europas. 
Band 2111. Echsen (Sauria) Ill (Lacertidae Ill: Podarcis). 
Edited by Wolfgang Bohme ( 1 986). Wiesbaden: 
A U LA-Verlag, O M  2 1 6. 

The Handbuch is a bit l i ke a tortoise: its progress is 
slow (l reviewed the first volu me in British Journal of 
Herpetology in 1 982) and steady, it is solidly put 
togeth er, and it wil l  probably endure. 

This is the t hird vol u m e  in the series and deals with 
seventeen species of lizards which A rnold ( 1 973) 
defined as Podarcis sensu stricto - wall lizards. 
A rnold and Burton in the Field Guide ( I  978) included 
1 4  species within t his category: here we have three 
m ore due to the inclusion of M edeira (so adding 
P. dugesii), the acceptance of P. gaigeae as a fu l l  species 
(it was originally described as a subspecies of 
P. erhardi1) and the t ransfer of P. perspicil/ata from the 
genus Lacerta. 

The format of the book follows that of the previous 
volumes. Each species has been assigned to a separate 
author, who discusses i t  under a set sequence of 
h eadings from 'diagnosis' through 'variation in 
marking' to ' behaviour: communication' followed by a 
list of rel evant  literature. D istribution m aps are given. 
Where it has seemed appropriate these show the 
records which outline the edges of the range of a 
species; for species with extensive insular distributions, 
separate maps give the details. The book does not 
attempt to give a comprehensive account of such 
aspects as the biochemistry or endocrinology of each 
species - it is a Handbuch and n ot

' 
an Enzyklopiidie 

-but l have the impression t hat relat ively more space 
is devoted to ecological and physiological topics t h an 
in previous volumes. I t  is difficult t o  j u dge whether t his 
reflects changing emphases in European herpetology 
or results  from t h e  fact t h at some Podarcis are 
particularly well-studied species. 

M any of t h e  species are i mmensely variable and 
innumerable su bspecies have been described. This h as 
given rise to a vast, daunting and confu s ed literature, 
and there are probably almos t  as many views about 
what should be done about it as there are 
herpetologists who have studied the problem. A 
ex t reme view, as represented by Thorpe ( 1 980), is t h at 
the whole approach is misconceived, should be 
abandoned, and replaced by multivariate analyses 
which emphasise s imi larit ies and possible evolutionary 
rel ationships, but do not involve t h e  nam ing of t ax a 
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below the  species l eve l .  J have  a great dea l  of sympathy 
wi th  t h is approach ,  a n d  was t h erefore most  i n t erested 
to see how t he E d i tor  and a u t hors have  dea l t  w i th  the  
pro bl em.  So far as I can  ju dge ( th i s  i s  n ot a n  area i n  
w h ich I am expert) t hey h ave t a k en a n  u n commit ted 
s tance: subspecies and t he ir  d istr i bu t ion  are  l is ted at 
great lengt h ,  but a lternat ives, i n c l u d i ng reference to 
Th orpe's work,  are a lso ment ioned .  

T h is book m a i n t a in s  the  very h igh  s tan dards set by  
t he previous t wo v o l u mes,  a n d  w i l l  be i n dispensab le  as  
a reference for serious herpeto logis ts .  I t  m ust h ave 
been a n  i mmense l a bo u r  t o  gather such a l arge and 
scatt ered l i t erature tog et her - t h ere are  more than 400 
references to P. sicu/a a lone  - a n d  many of us w i l l  
con t i n u e  to be  gratefu l  to  W .  B o h m e  and  t h e  fou rt een 
au tho rs for understan d ing  t h e  t as k .  Credit to the 
pub l i shers, too:  the  book is wel l -produced.  E ngl i sh  
readers wi l l  regret that  t here is n ot a t rans l a t i o n ,  and  
t ha t  t h e  weak ness o f  s t e r l i ng  m a k es buy i n g  it an 
expensive undert a k i ng. 
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R. A. A very 

O BITUAR Y :  H UG H  COTT 
It  would be appro pr iate ,  sad ly ,  to record the dea t h  

of D r .  H ugh B .  Cott  on  1 8t h  A pri l  a t  the  age of 86. 
Orig in a l l y  t ra ined a t  S a n d h u rst as  a n  army officer,  he 
later gra d u ated in zoology at Cambr idge and went on  
to become a n  eminen t  n a tura l i s t  i n  the  Darwi n i a n  
t rad i t ion  and  one of the  fi nest a n i m al art is ts  i n  the  
b lack  and wh i t e  medi u m .  

Cott 's  book A daptive Co/oration in Animals, first 
pub l i shed i n  1 940, is a c lass i c  and  his  l ater boo ks  
Uganda in Black and White ( 1 959) and Looking at 
Animals ( 1 975)  exem p l i fy both  h i s  k nowledge of East 
A fr ica and h is  art i s t ic t al ent . 

M u ch of Cot t ' s  work con ta ins  references t o  
amph ib ians  a n d  rept i l es, but h e  w i l l  b e  chiefly 
remembered by herpet o logis ts  for h i s  monumenta l  
s tudy of t he eco logy of the  Ni le  crocodi le  and i ts  
exp lo i t a t i o n  by man ( Trans. zoo/. Soc. Lond. ,  1 96 1 ,  
vol . 29) .  This  was a tru ly  sem i n a l  work , concerned w i t h  
every aspect of the  l i fe-hist ory of t h is magnificent 
rept i le .  J t  h as provided a base l i n e  for al l  su bseq uent  
s tud i es of crocod i l ian ecology and  conservat ion, such 
as t hose of  Pooley in  sout hern A fr ica ,  and  of M essel 
and of Webb and t he i r  col l a borators in  northern 
A ustral i a .  

I t  wou l d  be  fai r  to say  t h at Cot t  never q u i t e  ach ieved 
the scient i fi c  recogn i t ion w h i ch he deserved,  but h is  
repu t at ion  and persona l i t y  w i l l _ l ive  on i n  h i s  
pu bl icat i o ns and pict u res .  H ugh was a wise, t a l en t ed 
and lovab le  person who w i l l  be m issed by al l  who k new 
h im.  

A ngus Be l l a i rs 







THE HERPETOLOGICAL J O URNA L 
I N STR UCTI O N S  TO AUTH O R S  

I .  T h e  Herpe1ological Journal pub l i shes origi n a l  
art i c l e s ,  short notes and m i n i- reviews on  a l l  
aspect s o f  herpetology. Fa u n i s t ic l i s t s  a nd l e t ters 
are not p u b l is hed.  Short  notes shou ld  i ncl ude a 
s i ngle c la ta  set .  M in i-reviews wi l l  i n  general  be 
so l i c i t ed by t h e  e d i tor,  who s h o u l d  in a n y  case be 
consu l t e d  before s u c h  a review is wri t t e n .  

2 .  T11'0 copies of pa pers a nd i l l us t rat ions should  be 
sent t o  t h e  Ed i tor. 

3. Papers shou ld  be concise w i t h  t he m i n i m u m  
n u m be r  o f  t a bles a n d  i l l ustrat ions .  They should b e  
w ri t t e n  i n  Eng l i sh  a n d  spe l l ing  should  be t ha t  of 
t h e  Oxford English Dictionary. Papers shou ld  be 
t yped o r  p roduced on a good-q u a l i t y  word 
p rocess o r ,  a n d  double-spaced wit h wide margins  
a l l  rou n d .  G ood qua l i t y  paper  i s  essen t ia l  for the  
t op c o p y .  E x ce p t  for sh ort notes ,  papers should  be  
d i vided i n to sect ions .  The  first s u b-head wi l l  be 
cent  red in cap i ta l s ,  the  second shou l dered in l ower 
case, and the t h ird run on  in i t al ics . Foo t n ot es are 
n o t  per m i t t ed .  

4 .  For a l l  papers t h e  t i t l e  shou ld  b e  fo l lowed b y  t he 
na me(s)  of t h e  a u t hor(s) a n d  t he address or n a m e  
of t h e  l n s t  i t  u t ion i n  w h i c h  t h e  work w a s  clone .  For 
m aj o r  papers a s h o rt abst ract is req u i red b e fo re 
t h e  body of t h e  pa per.  A ck n owledgem e n t s  s h o u l d  
be i n cl 1 1 d ecl b efo re t h e  l is t  o f  references.  

S .  T h e  u s u a l  ru les o f  zo o logi ca l  nomencl a t u re a p p l y .  

6 .  Ta b l es a re n u m bered i n  a ra b i c  numera ls , e .g .  
Table J ;  t h ey s h o u l d  be t yped o n  s e pa r a t e  s h eets 
a nd div ided by h o rizo n t a l  l i nes .  

7 .  l . i n e d ra w i ngs a n d h a l f- t o n es a re n u m bered i n  
s e q u e n c e  i n  a r a b i c  n u mera ls ,  e . g .  F ig .  I .  I f  a n  
i l l 1 1 s t ra t i o n  h as m o re t h a n  o n e  pa rt e a c h  s h o u l d be 
i d e n t i fi e d  a s  ( a ) ,  ( b ) ,  e t c .  The orien ta t ion a nd n a m e  
o f t  h e  fi rst a u t h o r  s h o u  Id  be ind ica tee! o n  t h e  bac k .  
T h ey s h o u l d  b e  s u p p l i e d  for u n i fo r m  red u c t i o n  by 
o n e-h al f o n  A 4  size paper to fu l l y  occupy t he wi d t h 
o f  t h e  paper .  Drawings s h o u l d  be i n  I nd i a n  i n k  on 
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shou ld  be  typed on  separate sheets .  

8 .  R eferences in  t he tex t  should be given as in  t h e  
fol lowing exampl es:  S m i t h  ( 1 964) s tated . .  . ,  
observed by Smi t h ( 1 964s , b ) ,  S m i t h  & Ones 
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( S m i t h ,  J ones & Brown, 1 972) ,  and et al. used 
t he reaft er ( S m i t h  et al. , 1 972).  For t he l is t  of 
references thefull 1;11e or standard abbreviations of 
1he journal mus/ be given . The fol lowing examples 
wi l l  serve to i l lus t rate  the  s ty le  and presentat ion 
used by the  J ournal .  
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Dunson,  W .  A .  ( 1 969a) .  R ep t i l i a n  sa l t  g lands .  I n  
Exocrine glands, 83- 1 0 1 . B ot e l ho ,  S .  Y . ,  
B rooks, F .  P .  a nd S he l ley, W .  B .  ( Eds) .  
P h i ladel p h i a :  Un ivers i ty o f  Pen ns y l va n i a  
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D u nson, W. A. ( I  969b). E lect ro ly te  excret ion by 
t he s a l t  g land of t h e  G a l apagos mari n e  
i gua n a .  A merican I Physiol. 2 1 6 ,  995- 1 002.  

9 .  F i n a l  accept a n ce of a p a p e r  wi l l  depend upon t h e 
p ro d u c t i o n  by t h e  a u t hor  of a t y pescrip t  a n d  
i l l u s t ra t ions ready for t h e  p ress . H owever, every 
ass i s ta nce w i l l  be given t o  a ma t e u r  herpet o l ogi s t s 
to p re pa re papers for pub l i ca t ion .  

J O . Proofs shou ld  be  ret u rned to t h e  E d i t o r  by ret u rn  
p os t .  A l terat ions must  b e  k e p t  t o  t he correct ion or 
er ro rs ;  m ore ex tens ive a l tera t ions  w i l l  be c h a rged 
to the a u t h or.  

1 1 . 25 offpr in t s  are provided free of c h a rge . F u rt h e r  
copies  ( m i n i m u m of twen t y-fi v e )  m a y  be p u r­
ch ased p rovided t h a t  t hey a re ordered a t  t h e  t i m e  
t h e  p ro o fs a r e  ret urned . 

E D I TO R IA L  ANNO U N C E M ENT 
F ro m  Dece m b e r  1 9 8 7  t h e  H e rpetological  J ou rn a l  w i l l  i n  add i t ion to  ex i s t i ng  fea t ures,  

pub l i sh  short ar t ic les on content ious or genera l ly con t ro versial  m a t ters in  H erpet o logy. 
Deta i l s  o f  releva n t  proced ures for submi t t i ng such a r t i c les ( to a ppear u nder t he heading of 
' Foru m ' )  can be obt a ined from the edi t o r. 



THE HERPETOLOGICAL JOURNAL 
Volume 1 ,  Number 5 

CONTENTS 

Full papers 

Digestion, specific dyna mic action, and 
ecological energetics of Natrix maura 

Tadpole distribution in relation to vegetal 
heterogeneity in temporary ponds 

A study of gut function in young 
loggerhead sea turtles, Carella caretta L .  
a t  various temperatures 

Habitat destruction and its effects on a 
population of smooth newts, Trituru� vulgaris: 
an unfortunate field experiment 

Enzyme (aldolase) activity in hyperosmotic 
media (NaCl and urea) in the terrestrial toad, 
Bufo viridis and frog Rana ridibunda 

The influence of temperature and activity on 
aerobic and anaerobic metabolism in the 
viviparous lizard, Lacerta vivipara (Jacquin) 

Growth, movement and population dynamics 
of Natrix maura in a drying river 

A review of geographical variation in 
Gerrhosaurus major Dumeril (Sauria: 
Cordylidae) 

Herpetofauna of the Swanton Morley site 
(Pliestocene: Jpswichian), Norfolk 

, Forum 

Sexual selection in amphibians: a reply 
to Halliday and Verrell 

Sexual selection in amphibians: a reply to 
Shine 

Book Reviews 

Obituary 

December 1987 

A .  HAILEY & 
P. M .  c. DAVIES 

c. DIAZ-PANIAGUA 

R. F. BIRSE & 
J. DAVENPORT 

P. A. VERRELL 

G. DEGAN! & 
H .  HAHAMOU 

M. K. AL-SADOON 

A. HAILEY & 
P. M . C. DAVIES 

D. G. BROADLEY 

J. A. HOLMAN 

R. S H INE 

T. R. H A LLIDAY 

Published by rhe Brirish Herpero/ogica/ Sociely and 

Prinred in !he Unired Kingdom by !he Universily of Sussex Prinring Unir 

1 59 

1 67 

1 70 

1 75 

1 77 

1 8 1  

1 85 

1 94 

1 99 

202 

203 

205 

206 


