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ABSTRACT 

Female Testudo hermanni at Alyki,  northern Greece were sexually mature at a mean straight carapace length of 
1 50mm, based on the fr.equency of finding eggs by X-ray or oxytocin injection during the nesting season. 
Oxytocin-induced egg laying behaviour is described. Egg width (r = 0.49), shape (r = -0.32) and weight (r  = 0.30) 
were a l l  s ign ificantly related to body size. Hatchling wet weight was strongly related to egg weight.  Hatchlings of 
T. hermanni were l ighter than those of T. graeca and T. marginata in terms of dry weight/egg weight. This  pattern 
reflects the low energy content of T. hermanni eggs, and is possibly a consequence of the use of more productive 
habitats by this species. Clutch size and clutch mass were weakly related to body size; reproductive potential 
declined in the largest females. Simple and stratified calculations gave similar estimates of the total reproductive 
potential of adult females in two populations at Alyki.  There were, in round numbers, 250 adult females on the main 
heath producing 1 ,700 eggs per year, and 65 adult females on the salt works heath producing 450 eggs per year. Nest 
predation was low at A lyki,  judging from the rarity of destroyed natural nests.  This was confirmed by burying 
chicken eggs to stimulate tortoise nests. A bout 90 per cent of nests probably remain undisturbed during the 
incubation period. 

INTRODUCTION 

Reproduction in chelonian species is known to vary 
between geographic regions (Tinkle, 1961  }, populations 
(Gibbons and Tinkle,  1 969), individuals (Turner, 
H ayden, Burge and Roberson, 1986) and years 
(Schwarzkopf and Brooks, 1 986).  I nformation about 
reproduction used in a study of population dynamics 
should therefore be drawn from that population, and 
should cover as large a range of individuals and years 
as possible. We have previously (Hailey and 
Loumbourdis, 1 988) compared reproduction of the 
three species of tortoise in  G reece, including t hree 
separate populations of T. hermanni. The aim of the 
present study was to describe reproduction in more 
detail in  one of these populations (Alyki in  northern 
Greece), as part of a continuing study of tortoises at 
that site. 

M ETHODS 

FIELD 0BSERV ATIONS 
The A lyki site has been described by Stubbs, 

Swingland, Hailey and Pulford ( 1 985) .  Data from the 
whole site are pooled in  this study. Females collected 
for X-ray examination or for oxytocin treatment were 
mostly from the salt works heath and the northern end 
of the main heath (sectors I, 2, 3 ,  4, 7 and 1 0) .  These 
were the areas of highest population density, and had 
converiient enclosures where tortoises could be 
collected together. 

General handling techniques have been described by 
Stubbs, Hailey, Pulford and Tyler ( 1 984). A part from 
urine, which is usually lost on handling, the body 
weight of a female tortoise may be increased by mature 
eggs, developing fol l icles and gut contents. The 
following measures are used here; Field weight is the 
gross weight of a tortoise as measured in the field. Body 
weight is the net weight of a female after laying a clutch 
of eggs, but including any developing fol l icles and gut 
contents. Note that a third measure (cleaned soma 
weight, excluding eggs, fol licles and gut contents) is 
more appropriate for discussion of reproductive effort 
(H;i.iley and Loumbourdis, 1 988) .  

0XYTOCJN-INDUCED EGG-LA YING 

Eighty two individual females ranging from 1 39-
198mm SCL were collected on eight days between 
1 5  May and 1 June 1986.  On each occasion the 
tortoises were found in the morning and the early 
evening, and held in a shaded empty drinking trough in 
sector 2, or in overturned skips in the salt water heath 
- the latter were transferred to d isused rain collecting 
pans before oxytocin injection. A I ml ampoule 
containing 5 IU oxytocin in saline (G. A.  Pharma
ceuticals) was diluted in  a Sm! ampoule of 0.9 per cent 
sterile saline. E ach tortoise was given an intramuscular 
injection of about 1 . 5  IU.kg-1between 1 8:00 and 19 :00 
local time. Tortoises laid their eggs on the floor of the 
arena, the first after about 20 minutes. Eggs were 
removed immediately, and labelled with pencil. The 
tortoises were released in the sector of capture in  the 



426 ADR IAN HAILEY AND N .  S .  LOUMBOUR DI S  

late evening, two hours after oxytocin treatment. 
Seven females were recaptured after 1 -2 weeks and 
given a second oxytocin treatment. 

N inety seven females ranging from 1 I3-207mm SCL 
were collected on nine days between 18 May and I June 
1 988 .  They were collected throughout the activity 
period, and held in a shaded trough or disused water 
tank before transport to Thessaloniki  for X-ray 
analysis (below). Tortoises were kept for one to three 
nights in the arenas, which were l iberally suppl ied with 
vegetation for shelter; those kept for a whole day or 
more were fed with tomatoes. Tortoises shown to have 
eggs by X-ray were placed in cleaned arenas and 
injected with undi lu ted oxytocin in saline, at a dose of 
about 3 IU. kg- 1 , at either about 1 1 :00 or 1 8 :00 local 
time; the other tortoises were released i mmediately. 
The time of injection was noted for each tortoise, as 
were the times of each egg laid, al l  to the nearest 
minute. Tortoises were released 30 minutes after laying 
all the eggs identified by X-ray; rectal temperatures of 
some females were measured after egglaying with a 
mercury thermometer. 

X-RAY EXAMINATION 

Tortoises were taken to Thessalonik i  for X-ray 
examinat ion, with the 70kv Atomscope portable X-ray 
generator used previously (Hailey and L o umbourdis, 
1988) ,  but with d i fferent film ( loose Kodak X-Omat S 
1 8  x 24cm films,  cat . 501  6704) .  Machine power was 
reduced to 20mA, and exposure t ime increased to 5s .  
The generator was 70cm above the fi lm, which was 
held in a standard X-ray-transparent metal cartridge. 
Two tortoises were placed side by side on each film.  

200m 
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1 
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The presence of two animals and the longer exposure 
time gave more chance of movement during the 
exposure, and so each tortoise was immobilised by 
wrapping plastic parcel tape around the carapace to 
cover the legs. One tortoise of each pair was identified 
by placing a key or paper cl ip next to it. Tortoises were 
kept in wooden cages in Thessaloniki  for one to three 
days , before transport to Alyki for oxytocin treatment 
and/or release. 

NEST PREDATION 

Ali experiment on egg predation was carried out by 
burying chicken eggs (Swingland and Stubbs, 1 985) in 
early June 1986.  1 00 eggs from a market (probably a 
few days old) were buried, 20 in each of five locations 
( Fig. I); 

A) Dry heath near the salt works, around a dump of 
rusted salt skips. This was the area most l ikely to house 
rats, which have been seen around the salt works. 

B)  Open dry heath where there were several burrows 
of the susl ik ground squ irrel ( Cite//us cite//us), a 
possible excavator of tortoise nests. 

C) G rassy heath around a smal l  pool on the salt 
works heath. 

D) Grassy heath around patches of brambles on the 
main heath, an area where opened tortoise nests were 
observed in autumn. 

E )  Dry heath on firm sandy soi l  on the main heath, 
in an area of regenerating hawthorn bushes. 

These locations were chosen as having a range of 
habitats, and different potential nest predators. The 20 
eggs at each location were buried individually, with 
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Fig. I The salt works heath (sector I) and the northern end of the main heath at Alyki, showing location of the five areas where 
hens eggs were buried in 1 986 (A-E). The position of burrows in the banks of the new dyke is also shown (•). 
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about Sm between each egg. The egg was covered by 
3-Scm of soi l ,  and disguised with fragments of 
vegetation. The location of each 'nest' was marked by a 
Scm square fragment of roof tile from the salt works. 
This was placed 50cm to the north of the 'nest' ,  not 
directly above it, to prevent a predator finding the egg 
by the marker. The areas where eggs were buried were 
searched through the summer, sufficiently to note 
broken eggs on the surface but not to check each 
buried egg. This was initially done every 2-3 days, but it 
was soon apparent that egg removal was infrequent 
and the interval between searches was increased to 
1 0- 1 4  days. The experiment lasted until early 
September, when an attempt was made to retrieve each 
buried egg. 

EGG MEASUREMENT AND INCUBATION 
The length and width of eggs were measured with 

vern ier call ipers to 0 . 1 mm.  Both maximum and 
minimum widths were recorded. Eggs were weighed on 
an electronic balance the day after being laid. 

1 96 eggs of T. hermanni, T. graeca and T. marginata, 
col lected during the study of Hai ley and L ou mbourd is 
( 1 988) ,  were incubated in 3cm deep trays of  sand. Eggs 
were p laced in these trays within 24h of being laid, and 
just covered with sand, which was moistened every 
week.  The trays were placed in two constant 
temperature cabinets (3 1 °C and 35°C) and in a shaded 
room fluctuating between 22°C and 27°C, for an 
experiment designed to test the relation between 
temperature, sex determination, incubation period, 
and hatchling s ize and energy reserves. However, few 
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hatchl ings were obtained; these were weighed and 
measured within 1 2h of emergence, and then frozen. 
They were subsequently dissected to examine yolk  
remnants, then dried to  constant weight a t  70°C in an 
oven. 

The 59 eggs collected during 1 988 were incubated in 
two series, to determine whether low hatching success 
in 1 985-86 was due to the incubation technique, or to 
non-viabil ity of eggs laid after oxytocin injection. 
32 eggs were incubated by Dr Theodora Sofianidou 
using a previously successful technique, in unheated 
boxes of soi l .  The other 27 eggs were left in a bare 
plastic box, also unheated. 

Statistical analysis: values in the text are ± 1  S .D .  
Polynom ial ,  exponential ,  and geometric regressions 
(IBM user group) were fitted to curved l ines, and the 
model explaining the most variation ( in terms of r2) 
was used. 

R ESULTS 

OxYTOCIN-INDUCED EGG LAYING 
Details of the t iming of oxytocin-induced egg laying 

were recorded for 25 females, and are given for 
comparison with natural nesting. Fig. 2 shows a raster 
plot of laying times for 24 females; the other had not 
started to lay after JOO minutes, and was given an 
additional injection. The sol id l ine shows the 
cumulative proportion of females which had started 
laying. The first egg was l aid after 1 3  minutes; the l ast 
first�egg after 68 minutes. Body temperatures 
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Fig. 2 The t iming of egg laying after oxytocin injection. Each horizontal row shows eggs laid by one female, females ranked in 
order of laying. The solid line shows the cumulative proportion which had begun laying. The dashed line shows a period of 
20 minutes after laying the first egg, during which most egg laying was completed. 



428 ADRIAN H AILEY A N D  N. S. LOUMBOURDIS 

measured immediately after laying ranged from 26.3-
30.30C. The mean time to the fi rst egg was 
35 ± 1 3  m inutes (n = 24); the mean time for a l l  eggs was 
43 ± 1 5  m inutes (n = 75)  ( Fig. 3) .  An individual female 
laid her eggs at intervals of 1 -20 minutes, mean 6 .2 ±3.6 
(n = 5 1 ;  Fig. 3c), the most common interval being 
3-5 minutes. The length of the laying period was much 
less variable than the latency before laying the first egg. 
Most eggs were produced within 20 minutes of the start 
of laying (Fig. 2) .  
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Fig. 3 Frequency h i stograms of the  t iming of egg laying 
after oxytocin injection. a) First eggs, b) all eggs. c) I nterval 
histogram of the t ime between successive eggs. 

Induced egg laying behaviour was stereotyped. The 
female  walked rapidly around the arena in  a normal 
gait after injection .  The tai l  dropped after a few 
m inutes, from the usual horizontal position to vertical ,  
a n d  was trailed along the ground whi le t h e  female 
continued to investigate the arena. The female  then 
assumed a posture with the head and forelegs 
withdrawn, and the front of the p lastron resting on the 
ground. The hind legs were stretched out to raise the 
p osterior of the body, and the tail was pointed 
horizontally backwards. The female moved away 
s hortly after laying the egg. Females were kept for 
30 m in utes after laying the full complement of eggs 
observed by X-ray, but none la id any additional eggs. 

SEXUAL M ATURITY IN FEMALES 

The size of females confirmed to be mature ranged 
from 1 42mm to l 99mm SCL (Fig. 4a). H owever, only 
one (SCL 1 49mm) of the 1 3  females in the 1 40- 1 49mm 
size class which were examined by X-ray or oxytocin 
had eggs, compared to 40-60 per cent of females larger 
than 1 50mm (Fig. 4b) . Females of 1 50mm SCL or 
larger are therefore considered to be adults. In total ,  
1 46 females of this size were examined by X -ray or 
oxytocin injection in 1 986 and 1 988 ,  and 57  of them 
(39.0 per cent) had calcified eggs. The proportions did 
not differ significantly between the two years; 28/78 in 
1 986 and 29/68 in 1 988 (X2 = 0.44, P>0.05). I n  
addition,  1 4  females injected with oxytocin in 1 986 laid 
firm eggs with uncalcified shel ls (similar to the 
parchment shel ls of snake eggs), which would not be 
visible in X-ray photographs; these eggs were 
discarded. 
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Fig. 4 The size at sexual maturity i n  females. a) Straight 
carapace length of al l  females from A lyki  known to be 
mature ,  based on X-ray examination, oxytocin-induced egg 
laying or natural nesting. b) The proportion of females of 
differen t  s ize which had eggs on X-ray examination or 
oxytocin i njection. Sample size shown for each l cm class. 

The field weight of  females with eggs was compared 
to that of other fema les, in case the l ightest females 
could be e l iminated from future studies. The weight
l ength regression of females of 1 50mm or more 
handled i n  July (a l l  years) was used as the standard: 

2 .785 ± 0. 1 44 

Weight (g) = 0.354 SCL (cm) (!) 
(n  = 230, r = 0.93) .  Results from July were used as this 
m arks the low point of  the female reproductive cycle, 
after eggs have been la id  and whi le  next years fol l icles 
are stil l  s mal l .  Field weight, as a percentage of  that 
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1988 Total 

SCL (mm)  1 7 1  ± 1 2  (30) 1 70 ± 1 2  ( 1 06) 

Egg weight (g) 

Egg length (mm)  

Egg width (mm)  

Clutch size 

Clutch mass (g) 

RCM (o/o) 

1 6 .4 ± 3 . 1  (20) 

37.2 ± 3 . 1  ( 20) 

27. 1  ± 2.0 (20) 

1 5 .5  

36.6 

27.0 

± 
± 

± 

2 .7  ( 66) 

2.7 (66) 

1 .6 ( 66) 

3 . 1 0  ± 1 .03 (30) 

50.4 ± 1 7 .3  (20) 

5.52 ± 1 . 79 (20) 

3 .59 ± 1 .30 

54.5 ± 1 8 .3 

6.09 ± 2 .00 

(59) 

(4 1 )  

(35) 

TABLE I :  Egg and clutch s ize parameters for female T. hermanni from Alyki .  Results  for 1 988. and pooled results 1 983-88,  
shown as mean ±I S .D.  (with number of tortoises). 

expected from equation 1 ,  was only sl ight ly higher in 
females producing eggs compared to other females, in  
both years (with n) :  

1 986 1 988 

With eggs 1 04.2 ± 7 .2  (42) 1 02 .6  ± 6.7 (29) 
Others 1 03 . 1 ± 7.5 (32) 1 02 .0 ± 5.9 (39) 

( Four injected females without eggs were not weighed 
in 1 986 . )  

EGG SIZE AND CLUTCH SIZE 
The results for 1 988  are shown in Table 1 ,  together 

with the pooled results for al l  years to show the mean 
reproductive pattern of Alyki females. The 1 988  results 
are most similar to those from 1 985-86 ( Hailey and 
L oumbourdis, 1 988);  females laid more (clutch size 
4-6) but smaller ( mean egg size 1 2.9g) eggs in 1 983 
(Swingland and S tubbs, 1 985) .  The average adult 
female at Alyki measured l 70mm SCL, and laid a 
clutch of about 3 . 6  eggs, each weighing l 5.5g. The 
measure of relative clutch mass i n  Table 1 is calculated 
as clutch weight/body weight, rather than field weight 
(as used in some studies) . 

Egg size and shape varied with body s ize i n  the Alyki  
population in 1 985-86 (Hailey and Loumbourdis, 
1 988) .  The overal l  results including 1 983 and 1 988  are 
genera l ly similar. The regression equations relating 
egg width (mm) ,  egg shape (the ratio of length/mean 
width), and egg weight (g wet weight) to female SCL 
(cm)  for the total sample (n  = 66)  are: 

Width = 1 5 .5 + 0.677 SCL (r = 0.486, P<0.00 1 )  (2) 

S hape = 1 .78  - 0.0252 SCL (r = -0.32 1 ,  P<0.0 1 )  (3) 

Weight = 3 .24 + 0.728 SCL (r  = 0.300, P<0.05) (4) 

The correlation coefficients for width and for weight 
are s imi lar to those reported previously, although the 
l atter is now significant because of the i ncreased 
sample size. The correlation between egg shape and 

T. hermanni 

T. graeca 

T. marginata 

M ean 

22-27°C 

67, 67, 67, 72 

68 

SCL is lower than the value (r = -0.53) found in  1 985-
86,  because of additional unexplained variance from 
the particularly short eggs found in  1 983 .  

The relation between weight, length and width of 
eggs from Alyki  was investigated by mult ip le  l inear 
regression.  The best fit was obtained using length (L) ,  
mean width (W)2, and the difference between 
minimum and maximum width (dW): 
Weight = 0.437L + o.020ow2 + 0. 1 58dW - 14 . 7  ( 5 )  

where di mensions are in mm (n = 59 ,  r2 = 98 .8  per 
cent). However, the extra information provided by the 
difference between minimum and maximum widths 
did not produce a significantly better fit (P = 0 .08 1 ); 
the other coefficients were significant at P<0.00 I. The 
simpler equation: 
Weight = 0.435L + 0.0203W2 - 1 4. 7  (6) 

(r2 = 98 . 7  per cent) may be used to predict egg weight 
from l inear dimensions. 

Clutch size (CS) was weakly related to female body 
size (Fig. 5) .  The regression equations for the 1 988  
results and for the overa l l  sample were: 

1 988: CS = 0.208 SCL - 0.5 (n = 30, r = 0.240, P>0.05) (7)  

Total: CS = 0 .277 SCL - 1 . 1 ( n = 59, r = 0.266, P = 0.05)  (8) 

Body size therefore accounts for only about 7 per cent 
of the variation in  clutch size. Clutch sizes ranged from 
1 to 6,  with a mode of three eggs (Fig. Sc). The clutches 
derived by oxytocin injection in 1 986,  and not 
confirmed by X-ray, were not included in this analysis 
as they may have been i ncomplete (Congdon and 
G ibbons, 1 983) .  These clutches were smaller ( mean 
2 .74 ±0 .88)  than full clutches measured by X-ray or 
nesting, and were not related to body size: 

CS = 0 .029 SCL + 2.3 (n = 43 , r = 0.04, P>O. I) (9) 

This includes the clutch produced by one of the seven 
females given a second oxytocin treatment. 

3 1 °C 

56, 56 

56 

56 

35°C 

58, 58 

66, 68 

6 1 ,  6 1  

62 

TABLE 2 :  The t ime from laying to hatching at d ifferent incubation temperatures. Each value i s  the incubation period of one egg, 
in  days. 
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CLUTCH- SIZE 
Fig. 5 a, b) The weak posi t ive relationship between female 
size and clutch size (equations 7 and 8).  a) X-ray examination 
in  1 988 .  b) A l l  complete c lutches observed at Alyki .  
c)  Frequency distri but ion of the  sizes of complete c lutches; 
data from 1 988 are shaded. 

Clutch mass was significantly related to female body 
size (r = 0.326; n = 4 1 ,  P<0.05), with a s lightly higher 
correlation than for clutch size (r = 0 .266) or egg 
weight (r = 0.300). A s lightly i mproved fit (r = 0.379) 
was given by a polynomial regression rather than a 
l inear model, which showed maximum clutch m ass 
(CM) i n  intermediate sized females (Fig. 6): 

CM= 7.9 SCL - 0.022 SCL2 - 644 ( 1 0) 

where clutch mass is i n  g and SCL in mm.  

INCUBATION 
I n  total  1 96 eggs were incubated i n  1 985-86, 

includ ing 30 T. graeca and 20 T. marginata. Only 1 3  of 
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Fig. 6 R elation between clutch mass and female body size . 
The polynomial regression is given in the text (equation 1 0) . 

these hatched, after incubation periods from 56 to 
72 days, 8-1 0 weeks (Table 2). H atchling body weight 
(HW) and egg weight (EW) were strongly related, 
according to the equation: 

HW = 0.574 EW + 0.79 ( 1 1 ) 

where HW and EW are wet weights in g (n = 1 3 ,  r = 0.87,  
P<O.O I). The hatch l ing was on average 62. 1 ±5 .6  per 
cent of egg weight. Hatchling size relative to the egg 
was s imilar in the three species for wet weight, but not 
for dry hatchling weight. The mean values, as 
percentages of egg weight , of the hatchlings incubated 
at 35°C (n = 2 for each species) were: 

Wet Dry 

T. hermanni 63 .2  1 2.9 

T. graeca 6 1 .  7 1 8 .0 

T. marginata 60.5 1 7 .6 

Wet weight for all temperatures was 62 .2 ±6.8 i n  
T. hermanni and  6 1 .9 ±3 .7  in the other species (t test, 
P>0.9). The values for dry weight were 1 4. 8  ±2. 3 i n  
T. hermanni and  1 7.4 ± 1 . 1  in the other species ( t = 2.34, 
1 1  d . f. ,  P<0.05).  Hatchling T. graeca retained large 
yolk sacs, which were partly external. Yolk remnants 
were smaller in T. marginata, and absent in T. hermanni 
i ncubated i n  these conditions. Mean hatchling SCL of 
the three species was: 

T. hermanni 

T. graeca 

T. marginata 

33 .4mm 

34.9mm 

34.5 m m  

The T. hermanni eggs which hatched were from 
Litochoron and Deskati, and were slightly larger than 
eggs from A lyki .  

I ncubation was much more successful i n  1 988 .  The 
first group of eggs, la id from 1 9-28 May, were 
i ncubated in soil, and  30 out of 32 hatched before 
29 July, after about 60 days incubation.  The second 
group, l a id from 3 1  M ay to 3 June, were i ncubated in a 
bare plast ic dish, and 1 2  out of 27  hatched in  late July 
and early August .  S ix  of these eggs were laid on 3 1  M ay, 
and hatched from 25-29 July, after 55-59 days 
incubation.  These s ix hatchlings weighed 9 .6  ± l .4g, 
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6 1 . 3 ±6.2 per cent oft he wet weight of the eggs from 
which they hatched . Overall hatching success in 1 988  
was 7 1  per cent, compared to 6 .6  per  cent in 1 985-86. 
Some of the 1 988  hatch ling T. hermanni from Alyki 
retained an external yolk sac. These hatchl ings were al l  
kept for growth and subsequent release, so the extent 
of yolk remnants and dry weight were not examined. 

EGG PREDATION 

The buried chickens eggs remained undisturbed in 
four of the five areas; only those in area 8 were 
disturbed. Five of the twenty eggs in this area were dug 
up, and were found intact on the surface. I n  the other 
areas, a few eggs were exposed or smashed within the 
hole, but the majority were recovered: 

A B c D E Total 
Removed from hole I 5 0 0 7 

Exposed in hole 0 0 2 I 0 3 

Broken in hole 0 2 3 7 

Recovered intact 1 9  1 4  1 7  14  16  80 

Unable to locate 0 0 0 2 I 3 

The eggs broken in the hole may have exploded after 
rotting, and so may not represent interference. The 
proportion remai ning undisturbed through the 
incubation season was between 80 per cent ( recovered 
intact) and 90 per cent ( including eggs lost or broken 
within the hole). 

Only one nest ing female was observed at Alyki 
during the  present study, and she did not complete her 
nest . The eleven nesting females found by Swingland 
and Stubbs ( 1 985) were not grouped into any 
particu lar areas, and nests are thought to be widely 
dispersed over the heath .  A few opened nests with 
fragments of eggshel l  were found, al l  o f  them in 
autumn rather than during the May-June nest ing 
season.  They are thus thought to result from successful 
hatching rather than nest predation. 

Some l arge burrows, of fox or badger, were seen in 
the bank along the new dyke in sector 1 7  in 1 984-86, 
and in 1 988  a new burrow system was seen further 
along the dyke in  sector 3 (Fig. I). Many smal l  holes, 
IO- I 5cm wide and deep, were found in grass within 
50m of  the burrows, but no fragments of eggshel l  were 
found in these holes .  Tortoise nests which have been 
opened by predators at other s ites in Greece and in 
France were always marked by eggshel l .  It is not 
k nown whether there was a localised nest predator in 
th is area, or whether the animal was digging for roots 
or insects or, i f  a badger, making latrines ( Bang and 
Dahlstrom,  1 974). 

Tortoises i n  the first few years of l i fe were rarely seen 
at Alyki ;  animals with 0-3 growth rings made up only 
2 .6 per cent of a l l  observations. Tortoises with 1 -3  
growth rings were seen throughout the year, wi th  a 
s imi lar seasonal pattern to that of larger animals 
( Fig. 7) .  The first hatchl ings were seen in A ugust, and 
remained active until November. They were relatively 
frequently seen in  October and November, compared 
to larger animals,  although this pattern is based on a 
smal l  sample. Hatchl ings with 0 growth rings were also 
seen in  spring. They disappeared by June, presumably 

as a result of growth of the first ring and incorporation 
into the I growth ring class. 

':1 [J 
0 Rings 

cCJ .( I I ) 

':1 � 1 Ring 
(81) 

� � 
>. 

':1 
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<I> 
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<I> .... 
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':1 � 3 Rings 
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(11022) 
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MONTH 
Fig. 7 Seasonal abundance of sightings of T. hermanni of 
different ages at Alyki. Each part shows the percentage of the 
total in each category (sample size at right) recorded in each 
month. 

· 

DISCUSSION 

MATURITY AND EGG PRODUCTION 

Female  T. hermanni of l 50mm are sexually mature 
at A lyki .  This value represents the mid point of size at 
maturity ,

'father than the size of the smallest mature 
individual .  Females between 1 00 and 1 49mm are 
termed subadults; they may be sexed by external 
characters (principal ly relative tail  length ;  Stubbs 
et al., 1 9 84), but are not mature. Swingland and Stubbs 
( 1 985) noted that the smal lest size of courting female 
T. hermanni at Alyki  was 1 30mm. However, courtsh ip  
of a female is not  an indication of maturity, as  male 
tortoises often court anything that moves; the smallest 
female seen being courted at Alyki  was 1 08mm long. 
This is the reason for the large difference between 
'mean adult size' ( l 56mm) and m ean size of nesting 
females (I  7 l mm) found by Swingland and Stubbs 
( 1 985). 

The average reproductive parameters in Table 1 are 
provided for model l ing purposes. The only parameters 
for which a large sample is not available are clutch 
frequency and reproductive potential. These are 
difficult to measure u nless females can be restrained in 
enclosures or located by radio tracking throughout the 
whole nesting season. The a lternative method based on 
dissect ion and counting eggs, fol l icles and corpora 
l utea (Gibbons, 1 968) is only suitable for smal l  samples 
of the protected Testudo species. Hailey and 
Loumbourdis ( 1 988) used th is method, which 
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suggested that reproductive potential (c lutch size x 
clutch frequency) was greatest in intermediate sized 
T. hermanni from A lyki ,  and declined in  large females . 

Al though addit ional measurements of clutch 
frequency were not made here, the proportion of 
females with eggs is an indication of relative clutch 
frequency. This was greater in females of 1 70- 1 89mm 
than those of 1 50- 1 69m m ( Fig. 4b), wi th a decl ine in  
the largest size class (which however was  based on a 
smal l  sample). Clutch mass also showed a s l ight 
decrease in  the largest females (Fig. 6). The lack of a 
clear relationsh ip between size and reproductive 
parameters within this popu lation is perhaps not 
surprising in view of the smal l  size variat ion of adult 
female chelon ians, compared to other groups of 
rept i l es (Hai ley and Davies, 1 987). Body size explains 
( in terms of r2) only about 5- 1 5  per cent oft he variation 
in reproductive parameters , and is l i kely to be of l i t t le  
importance in  practical models of population 
dynamics. 

Females with eggs weighed on average only 0.5-
1 . 0  per cent more than females without eggs, so that 
fie ld weight provided no indication of  a female's 
reproductive status. It was expected that females with 
eggs would weigh about 6 per cent more, i .e .  the mean 
relat ive clutch mass in  t he population (Table 1 ) .  It is 
probable that total body volume  is constrained by the 
carapace; eggs are tightly packed within the body (see 
Fig. 6 of H ai ley and Loumbcurdis, 1 988) .  This would 
lead to space for eggs being provided by reduced 
volu me of some other part of the body, most probably 
by reduced gut contents. 

INCUBATION 

The low hatching success in 1 985-86 was originally 
thought to resu l t  from non-via-bil ity of eggs laid after 
oxytocin treatment .  For example, a maturational 
process within the oviduct may not have been 
completed, as suggested by I verson's ( 1 980) fai lure 
with oviducal eggs of  the gopher tortoise. However the 
h igh success in 1 988 indicates that the  incubation 
conditions were at fault ,  possibly too high moisture 
level i n  the sand. The 7 1  per cent hatching rate in 1 988 
comp ares favourably with other studi es of tortoises, 
such as 6 1  per cent i n  Gopherus ber/andieri (Judd and 
McQueen, 1 980). 

When eggs of  the t hree species were i ncubated 
together, hatchl ing T. hermanni had low dry weight 
compared to T. marginata and especially T. graeca, the  
eggs of which have a h igher energy content ( H ai ley and 
Loumbourdis, 1 988) .  The energy reserves ofhatch l ings 
are available to cover non-feeding periods, which may 
be due to hatchl ing behaviour or to fluctuating food 
supply. R eserves of hatchl ing sea t urt les m ust  supply 
them whi le digging out  of a deep nest and t hen locating 
the nursery ground (Kraemer and Bennett ,  1 98 1  ) .  
Many Chelydrid, E mydid and Kinosternid turtles 
delay emergence from the nest from autumn hatching 
unti l  the  fol lowing spring (Gibbons and N e lson,  1 978) .  
Hatchl ing Geochelone gigantea remain in their nests 
for a few weeks (Bourn, 1 977) ,  and Testudo su/cata are 
inactive and fast for 1 -2 weeks after hatching 
(Cloudsley-Thompson, 1 970). Hatchling T. hermanni 
were first found in the field i n  August, at about the 

same t ime as  eggs hatched in capt1v1ty .  Prolonged 
delayed emergence from the nest therefore does not 
seem to occur at Alyki .  

M ore work wi l l  be necessary to show whether the 
pattern of hatchl ing energy reserves in Testudo is truly 
species-specific, or whether this varies between 
populat ions as wel l .  At present.  it is suggested that the 
greater yolk remnants found in T. graeca and 
T. marginata are related to the occupation of less 
amenable habitats (d ifferences in hatching times are 
another poss ibi l ity - Wil lemsen, personal communi
cat ion).  In coastal areas in north-eastern Greece . 
T. graeca uses arid open heath habitat where 
T. hermanni occupies woodland or scrub (Wright, 
Steer and H ai ley, 1 988; Wi l lemsen, 1 988) .  Testudo 
hermanni becomes restricted to productive cult ivated 
or riparian habitats in land at the extreme east of its 
range (Scholle, H elmer and Strijbosch . MS).  The 
typical habitat of T. marginata is unproductive thorny 
scrub ,  whi le  T. hermanni in southern Greece is largely 
restricted to more fert i le cult ivated areas (Wi l lemsen, 
MS; Wi l lemsen and H ailey. 1 989) .  

Larger hatch l i ngs emerged from larger eggs, with 
the hatchl ing being on average 62 per cent of egg 
weight. The loss of we ight is not accounted for by the 
shel l ,  wh ich makes up about 1 3  per cent of egg weight 
in  Testudo ( Hai ley and Loumbourdis. 1 988) ,  but rather 
reflects the metabol ism of the embryo. This provides 
the s implest explanation of the higher relative clutch 
mass of oviparous compared to viviparous repti les .  
Other factors being equal, RCM should be about 
40 per cent lower in a species producing l ive young 
rather than eggs . There is therefore no need to invoke 
greater costs of reproduction in  viviparous species, 
such as transport ing the young or reduced food intake 
of the mother (for example, Seigel and Fitch, 1 984). 

No  predation of natural nests was observed during 
the summer, and most buried ch icken eggs remained 
undisturbed. Nesting success is usually about 20-30 per 
cent in apparently stable populations of tortoises and 
terrapins ( Landers, Garner and McRae, 1 980; 
Christens and B ider, 1 987 ;  Congdon, Breitenbach, van 
Loben Sels and Tinkle ,  1 987) ,  but values up to about 
70 per cent have been reported (Tinkle, Congdon and 
Rosen, 1 98 1 ) .  The present study is directly comparable 
to that ofSwingland and Stubbs ( 1 985) on T. hermanni 
i n  France, where 7 1  per cent of ch icken eggs suffered 
predat ion in the first two days after burial ,  and less 
than I 0 per cent of natura l  nests were successful .  Such 
differences in reproductive success must have 
important consequences for population dynamics ;  the 
French populat ion was thought to be decl ining 
(Stubbs and Swi ngland, 1 985) ,  while the Alyki  
populat ion is stable or  i ncreasing. 

POPULATION REPRODUCTION 

The reproduct ive potential of an animal population 
may be  est imated us ing the size at  maturity i n  females 
and the mean reproductive potential of adults, or the 
abundance of s ize  or age classes and the reproductive 
potential  of each class (for example, Table 9 of Turner 
and B erry, 1 984). This  section compares s imple and 
stratified estimates at Alyki to assess the rel iabil i ty of 
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SCL R eproducrii·e Clurch Clurch Reprnd11c1i1•e Main Hearh Sall Works Hearh 
(111111) porenrial (I) si::e . fi"equencr po1e111ial (2) Females Eggs ( /) Fggs (]) Ff.'llWfl's Fggs (I) F:ggs (l) 

! 40s -2.9 2.9 0.3 0.9 67 0 58 1 6  0 1 4  

1 50s 4.6 :u 1 .6 5 .0  88 402 440 2 1  96 1 05 

! 60s 8 .5  3 . 5  1 .6 5.5 65 553 355 2 1  1 79 1 1 5 

! 70s 8 .9  3 . 7 2 .5 9.2  58 5 1 7  532 1 5  1 34 1 3 8  

1 80s 5 .8  4.0 2 .4 9.4 34 1 96 320 6 35 56 

1 90s -0.9 4 . 3  2 . 0  8 . 4  3 0 25 2 0 1 7  

Total  1 668 1 730 444 445 

TABLE 3: Est i 111ates of the t o t a l  reproduct ive capacity of Tes111do hff111a1111i on the 111a in  heath  a n d  on t h e  sa l t  works heat h. by 
two 111ethods (see text) .  

the s imple method, and to provide gross measures of 
reproductive potential in the main heath (post-fire) 
and salt works heath populations. 

A mark recapture study estimated the total number 
of females (of I OOmm or larger) to be 478 in the main 
heath and 1 35 in the salt  works heath (Table l e  and l a  
of Stubbs et al. , 1 985) .  This nu mber was divided 
among ! Omm s ize classes accord ing to the relat ive 
frequencies shown in Fig. 3 of Stubbs et al. , ( 1 985) .  
Reproduct ive potential for the mid-point of each size 
class was calculated by two independent methods (see 
Table 3) .  

I)  Using the polynomial regression of reproductive 
potential on carapace length given in Fig. 4 of H ai ley 
and Loumbourdis ( 1 988) .  

2) Clutch s ize was calculated from equat ion 8 above. 
Relat ive clutch frequency was taken from the data 
shown in  Fig. 4b, with a maximum value of  1 .0 for the  
I 70s m m  class. The average relative c lu tch  frequency 
for the  146 females of I 50mm or larger was then 0. 767. 
Average clutch frequency for adult females at Alyki was 
1 .9 (Hai ley and Loumbourdis, . 1 988). R elativ.e clutch 
frequency was therefore converted to clutch frequency 
by mult iplying by 2.48 ( = 1 .9/0.767). The product of 
clutch size and clutch frequency gave the reproductive 
potential of each size class. 

248 of  the 478 females estimated to  l ive on the main 
heath were of I 50mm or larger. The s imple  estimate of 
population reproduction is therefore (248 x 1 .9 x 3 .59) 
= 1 ,692 eggs per year. This value is s imi lar to  the two 
strati fied estimates ( 1 ,668 and 1 ,730 eggs per year), and 
together give an estimate with a standard deviation 
only 1 . 8 per cent of the mean ( 1 697 ±3 1 ) .  65 of the 1 35  
females estimated to l ive on the  salt works heath were 
of 1 50mm or larger, with a simple est imate of 443 eggs 
per year. The t hree est imates for the salt works are even 
closer ( 443, 444 and 445 eggs per year); surprisingly 
close in view of the crudity of the calcu lations. The 
main conclusion is  that  t hese methods are robust 
enough for use in  models of the dynamics of the Alyk i  
populations. 
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ANALYSIS OF THE STRUCTURE OF AN AMPHI BIAN COM MUNITY IN THE 
CENTRAL SYSTEM OF SPAIN 
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A BSTRACT 

This study exam ines the structure of an A m phibian community. composed of 1 0  species in the  Central System of 
Spain.  We studied resource part it ioning in  the main dimensions of the niche ( food, space and t ime). t he overlap in 
each dimension and the overall overlap. From a mult idimensional scal ing analysis (MDS) of the overlap matrices we 
inferred that the spatial dimension is the main factor responsible for species segregat ion.  Overlap along the t ime and 
food di mensions was significantly correlated. The community is structured into three guilds formed, respect ively. 
by the aquatic anurans. the terrestrial anurans together with a terrestrial salamander, and the newts. 

I NTRODUCTION 

Studies on t he structure of herpetological com
munit ies have mainly been based on l izards ( see 
reviews in Schoener, 1 974 and Toft ,  1 985) .  A mphibian 
communities have received less attention and have 
essentially been studied in frogs of tropical ecosystems 
(e .g. I nger, 1 969; I nger and Colwel l ,  1 977 ;  Toft and 
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Fig. 1 Geographical location of the study area. 

Duel lman,  1 979; Toft, I 980a and b; 1 98 1 ;  1 985)  and in  
salamanders of the temperate regions of Europe 
( Avery, 1 968;  Griffiths, 1 986) and North A merica, 
principally the studies of Jaeger and H ai rston ( see 
reviews in Toft, 1 985 and Hairston, 1 987) .  

Regarding the Iberian Peninsula, s tudies on 
herpetological communit ies have been restricted to the 
work of Valverde ( 1 967), the recent studies of different 
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taxocenoses ofSauria, main ly the  Lacertidae (Mellado, 
et al. , 1 975; Perez-Mellado, 1 982; Seva, 1 982 and 
Brafia, 1 984), and one study of a complete 
herpetological community ( Bas, 1 982). Finally, Diaz 
Paniagua ( 1 979, 1 982, 1983 ,  1 988) studied the 
interactions within communit ies of larval amphibians. 

The aim of the present study is to offer new data on 
the resource part it ioning in an amphibian assemblage 
in a E uropean temperate region.  This wi l l  permit a 
comparison with other communit ies of salamanders 
and frogs that have been studied more extensively. 

M ATERIAL AND M ETHODS 

STUDY AREA 

The field work was carried out a t  Vi l lasrubias 
(UTM 29TQE0366) located in the Southwest of the 
province of Salamanca on the  northern s lopes of the 
Spanish Central System ( Fig. I). Samples were taken 
over an area of approximately 8 x 3 .5km, at  alt i tudes 
ranging between 800 and 1 200 metres. A l l  the aquatic 
habitats and the terrestrial habitats in their proximities 
Were i nvestigated. 

The mean annual rainfall of the zone is 943 . 1 5 mm, 
and the  area is subject to both At lantic and 
Continental cl imatic influences . The dominant 
vegetation is the grade Genista .florida-Quercus 
pyrenaica; characterised by oak forests and bushes of 
Erica spp. There are also plantat ions of Pinus pinaster 
and P. sylvestris (Bellot, 1 966; R ico, 1 978).  

Periodic vis i ts were made to  t he study area, usually 
twice a month, from November 1982 to February 1 984. 
On each occasion all the habitats of the zone were 
sampled. For each animal observed, we noted species, 
habitat  type and hour. We sampled terrestrial 
amphibians by searching in t he vegetation, on the 
banks of aquatic environments, under stones, trunks, 
etc. A n i mals that  were found inactive, were not taken 
into account in the analysis of  daily ar.d seasonal 
activity patterns, but were i ncluded in the analysis of 
habitat u t il isation and diet composit ion. 

We used netting methods t o  capture newts and other 
aquatic species i n  their aquatic environm en ts. The 
number of terrestrial amphibians observed and the 
number of aquatic species observed, usually newts, 
were corrected in the same way for the t ime  employed 
in searching. Observations were made and samples 
were t aken during all hours of  the day and night. 

We calculated hourly and monthly activity ind ices (I;) by the formu�see also Lizana, et al., in press): 

where I ij = corrected frequency of species j in t ime 
category 1 (months or hours); n . . = n umber of 
observat ions of species j in t ime category i ;  T/fo = per
centage of the time spent sampling in t ime category i .  
This  w a s  then converted to  a percentage using t h e  
formula:  

I . IJ 
Iii % =  --- x 1 00 

I I  IJ 

Methods used in the analysis of diet composition 
and habitat use are detailed in Lizana et al. , 1 986 and in 
press). 

We studied resource part i t ion ing along the three 
main n iche dimensions: habi ta t ,  food and time 
(Pianka, 1 973,  1 986; Schoener, 1 974), considering the 
subdimensions of seasonal and daily activity for time 
and the subdimensions of prey type and prey size for 
food. N iche overlap was calculated by the index of 
Pianka ( 1 973): 

S =  

were P;j and P;k  are proportions ofspecies j and k in the 
resource i .  Overlap was calcu lated for each of the 
dimensions and subdimensions considered. 

The result ing overlap matrices were analysed by the 
mult idimensional scaling technique (MOS) using the 
K ruskal algorithm (Kruskal, 1 964) with the Systat 
package. Plots were made on the plane defined by the 
first two dimensions s ince reasonably small stress (and 
h igh goodness-of-fit)  were found on each (Schiffman, 
et al. , 1 98 1 ) .  

This technique has  several advantages tha t  just ify its 
use i n  the study of communit ies .  First, it uses the 
distances or similarit ies between populat ions ( in th is 
case, species) as starting values, so that one can 
construct a similarity matrix with the overlap values 
found.  Factor analysis and other multivariate 
techniques have several important premises in their 
appl ication, among which perhaps the most important 
is the existence of l inear relat ionships between the 
starting variables. The MOS does not feature th is  
l imitat ion.  Final ly the results obtained with the MOS 
technique are easier to  interpret s ince they are based on 
the E uc lidean distances between the points, whi le 
i nterpretat ion of the  factor analysis must be based on 
results expressed as angular values between vectors 
(Schiffman, et al. , 1 98 1 ) . 

We also analysed the correlation between the 
overlap values for each of the  dimensions and 
subdimensions considered, using Spearman rank  
correlation coefficients (Siegel,  1 956). 

R ES ULTS A N D  DISCUSSION 

The amphibian community i n  the study area 
considered of 1 0  species, in a zone of h igh 
herpetological diversity (Perez-Mel lado, 1 983) .  Seven 
of  them were anurans:  Rana iberica, Rana perezi, 
Discoglossus ga/ganoi ( using the  t axonomy proposed 
by Capula, et al. , 1 985) ,  A lytes obstetricans, Hy/a 
arborea, Bufo Bufo and Bufo ca!amita. The latter 
species and H. arborea were very rare. The other three 
species encountered were urodeles: Salamandra 
sa/amandra, Triturus boscai and Triturus marmoratus. 

\ 
Feeding Habits 

The species are s i tu ated along a cont inuum that 
ranged from an exclusively terrestrial to  an aquatic 
diet .  A t  the  latter end were Triturus marmoratus and 
T. boscai, that  almost exclusively consumed aquatic 
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(7< o/i '7r <7, '7r r; <", q <,:'r ( 't 
' 

PREY ITEMS SPECIES R . ibc R . pcr D.gal A . ohs H . a rh B.buf B.cal  S . sal T.hos T . m a r  

B I V A L V I A  2 .06 
G A STROPODA 0.08 0. 1 9  0 . 1 9  

C L A DOCERA 1 . 27 0.82 
OST R A CODA 25. 39 826<i 
COPEPODA 2.55 1 .46 

ISOPO D A  0.45 0 . 05 0.27 

O LI G O C H A ETA 0.02 0.54 6.66 
M Y R I A PO D A  0.99 0.50 2 . 1 9  0.38 0.45 8 .88  

PSEU DOESCO R PIONES 0.24 0.05 0.29 

SOL I FU G A E  0.38 

OPI L I O N E S  0 . 5 3  1 .64 0.38 1 .96 2.22 0.02 

A R A N E A E  10.49 5 . 3 5  7.39 6 .58 4.99 0.9 1 5.88 2.22 0. 1 9  0.05 

A C A R I  2.26 0.25 1 . 36 1 3 .95 3 . 34 0.05 

COL L E M BO L A  1 .88  I .  16  1 . 36 4.06 3 .83 0. 1 1  

D I P L U R A  0. 1 3 

ODON A TA 0.08 0.75 0. 19 0.32 

EPH E M EROPTE R A  0.80 0.45 0.27 0 . 1 9  0.09 9.44 2.46 

PL ECOPTERA 2.58 2.89 1 . 1 8 

E M B I O PTERA 0.02 

ORTHOPTE R A  0.59 1 .2 1 0.82 1 . 1 6 1 .66 1 .09 0. 1 9  

D E R M A PT E R A  0.32 0.65' 0.54 3.92 8 .88  

B L ATTODEA 0. 1 3  0. 1 5  1 . 36 

PSOCOPT E R A  0. 1 6  0.09 

' HO M OPTE R A  4.23 7 .89 7 .39 0 .96 3.33 0.27 1 .96 0.39 0.08 

H ET E R OPTE R A  3 . 1 0  3.03 0.54 3.87 0 .27 0.09 0. 1 1  

U N I D .  H E M I PT E R A  0. 1 3  

THYSANOPTE R A  0. 1 8  

N E UR O PT E R A  0.08 0.05 0. 1 9  

CO L E O PTERA 1 7 .85 1 8 .32 1 8 .90 26.35 9.99 6. 1 0  52.94 33.33 2 .55 1 .38 

H Y M EN O PT E R A  4.3 1  9.66 I 1 .78 1 . 74 1 .66 0.36 1 .96 4.44 0.29 0.02 

FO R M IC I D A E  4.47 1 1 .77 1 6.98 33 .72 75.00 88 .50 25.49 1 5 .55 

T R I CHOPT E R A  3.82 1 .87 0.38 0.09 3 .34 0. 1 1  

L EP I DOPTE R A  1 .07 1 .26 1 .09 2. 1 3  0.27 3.92 4.44 0.49 0.02 

D I PT E R A  36. 1 6  3 1 .00 24. 1 0  2. 1 3  1 .66 0.36 1 .96 6.66 40.25 9.66 

U N I D .  H EX A PO D A  1 .29 0.55 0.54 0.38 1 .66 2 .22 0.98 0.26 

U N I D .  H EX A PO D A  L A R VA E  0.86 1 .06 0.82 0 .77 0.27 4.44 0.88 

U N I D .  A RT H R O PO D A  0.67 0.05 0. 1 9  

VERTE B R AT A  0. 10  0.02 

- N U M B E R  OF P R E Y  3708 1 9 8 1  365 5 1 6  60 1098 5 1  45 1 0 1 6  3403 

- N U M B E R  O F  

I N D IV I D U A L S  424 1 99 43 39 8 8 2 4 60 58 

TAB L E  I :  Percentage of prey groups predated by the species of the com munity .  Abbreviations: R .  ibe: Rana iberica, R . per: 
Rana perezi, D.gal: Discog/ossus galganoi, A .abs: Alytes obstetricans, H .arb: Hy/a arborea, B.buf: Bufo Bufo, B.cal: Bufo calamita, 
S.sal: Salamandra salamandra, T.bos: Triturus boscai, T.mar: Triturus marmoratus. ("unid." means unidentified prey). 
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SPECIES 
Size class/ 

0- 2mm 

2- 4mm 

4- 6mm 

6- 8mm 

8- I Omm 

I 0- 1 2mm 

1 2- l4mm 

1 4- l 6mm 

l 6- 1 8mm 

1 8-20mm 

20-22mm 

22-24mm 

24-26mm 

26-28mm 

28-30mm 

30-32mm 

32-34mm 

34-36mm 

36-38mm 

38-40mm 

40-50mm 

>50mm 

N.  of Prey 

N. of Ind.  

% 
R . ibe 

5 .94 

42.98 

28 .50 

1 2 .45 

5 .46 

2 .74 

l .35  

0.39 

0. 1 7  

0.07 

0.07 

0.03 

0.07 

28 1 0  

424 

% 
R . per 

7 . 72 

34.55 

27. 1 5  

1 4 .58 

5 .48 

3 . 24 

3 . 30 

l .22 

0.85 

0.37 

0.3 1  

0 .26 

0 . 1 5  

0 .05 

0.05 

0 .37  

0 .05 

0 . 1 5  

0.05 

1 86 1  

1 99 

% 
D.gal 

1 3 .09 

47 .35 

1 7 .27 

9 .74 

5 .57  

2.50 

0.83 

0.83 

l .67 

l .  l l 

359 

43 

% 
A.abs 

1 5 .97 

43.58 

23.47 

1 3 . 2 1  

l . 77 

0.98 

0.59 

0. 1 9  

0. 1 9  

507 

39 

% 
H .arb 

1 0.00 

73 .33 

l 3 .33 

l .66 

1 .66 

60 

8 

% 
B.buf 

46.58 

43.47 

4.50 

l .24 

0.46 

0.46 

l . 24 

0 . 77 

0 . 1 5  

0.46 

0. 1 5  

0.46 

644 

8 

% 
B.cal  

39.2 l 

39 .2 1 

1 5 .68 

3 .9:? 

1 .96 

5 l 

2 

l/o 
S . sal 

2.32 

38.53 

1 8 .60 

1 8 .60 

1 6 .27 

4.65 

43 

4 

% 
T.bos 

38 .3  l 

23.99 

25 .02 

9 .78 

2 . 1 6  

0 . 5 1  

0 . 1 0  

0 . 1 0  

9 7 1  

60 

% 
T.mar 

86.00 

2.33 

4.02 

5 .25 

0.96 

0.52 

0.40 

0.52 

0 .02 

0.02 

3375 

58 

TABLE 2: Percentage of size classes of prey predated by the species of the community .  

prey such as crustaceans (Ostracoda, Copepoda) and 
aquatic  larvae of  insects (Table 1 ) . Rana iberica, 
R. perezi and D. galganoi occupied an intermediate 
position with preferential consumption of  terrestrial 
prey, although they also consumed a large portion of 
aquatic  items, sucp as larvae of i nsects ( Lizana, et al. , 
1 986). A lytes obstetricans was the first species with a 
mainly terrestrial diet. The large number of 
Formicidae consumed by Hy/a arborea, pointed to the 
importance of terrestrial prey in its diet .  Bufo bufo, 
Bufo calamita and Salamandra salamandra, had an 
exclusively terrestrial diet .  
-

In general,  trophic generalists
-
predominated in  the 

community, although certain species such as B. bufo or 
H. arborea showed a pronounced preference for 
Formicidae, whi le  B. calamita and S. salamandra 
seemed to prefer large, rather non-sclerot ised preys 
(Table 1 and 2;  see data on prey avai labi l ity and 
electivity in Liza na, et al. , 1 986) .  

The most euryphagous species were those, such as 
the ranids,  that occupied aquatic environments and 

their neighbourhoods. I n  some species there existed an 
i mportant relationship between the degree of trophic 
specialisation and the use of terrestrial habitats 
(Lizana, et al., in  press). 

Habitat Use 

We considered sixteen habitat categories (see 
description in Table 3 and in Lizana, et al. , in press) 
that were used by at l east one species, and described 
according to their proximity to the  aquatic habitats. 
Three species of anurans were seen to be l inked more 
tightly to the aquatic environments or their proxi mities. 
Rana iberica occupied a large variety of terrestrial 
biotopes, although the species was always present close 
to water. It was segregated from R. perezi through its 
use of  habitats with a stronger water current and lesser 
depth , whi le  R. perezi occupied sluggish water (L izana, 
et al. , 1 987  and in press). Discoglossus galganoi seemed 
to prefer more terrestrial environments than R. perezi 
and was usually found on the banks of streams or in 
flooded meadows (Table 3) .  
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SPECIES R . ibe R .per D.gal A .obs H .arb B .buf B.cal S .sal  T.bos T.mar 

� A 0.82 
<l'. B 0.29 
0::: c 3 .42 f-
(/) 

3 . 1 2  8 . 82 u.J D 1 . 34 14 .28 4.00 0.7 1 2.47 (/) 0::: 0::: E 0.59 1 . 78 10 .4 1 1 6 .07 8 .82 4 1 .66 40.00 36.00 2 . 1 4  4.95 
f- u.J 

f- F 1 .34 5 . 20 1 2 .00 
<l'. G 3 .57 
f- H 3 . 1 2  55 .35 2.94 1 6 .66 0.7 1 

I 2 .38 2.08 8 .00 2.85 2.47 

o:i J 2.53 2.67 34. 37  8 .82 8 . 33 60.00 0.7 1 

<l'. K 1 4 .45 20.77 7 .29 5 .35 58.82 35. 7 1 37. 1 9  

::c L 4.32 40.00 3 .57 
v 
f:: M 28 .76 I 5 .43 2 1 .87  8 . 82 33 .33 1 9 .28 2 .47 
<l'. N 1 7 .80 1 .04 2.94 1 8 .57 49 .58 => 
Cl 
<l'. 

0 37.85 1 0 .68 1 0.4 1  5 . 35 

I p 2.68 30.86 1 .04 1 5 .7 1 

% % % % % % % % % % 
I 2.53 2 .67 34.37 8 . 82 8 .33 60.00 0. 7 1  

2 33 .97 64 .68 1 5 .62 5 .35 20. 58 8 .33 1 2 .00 9 1 .42 87.60 

3 63.48 32.64 50.00 94.64 70.58 83 .33 40.00 88 .00 7 .85 1 2 .39 

N .  of Obs. 67 1 337 96 56 34 1 2  5 25 140 1 2 1  

TA B L E  3 :  Percentage of observations performed for each species i n  d ifferent habitats of the study area: A :  Woodland, B :  Sandy 
areas, C: Dry stream beds, D: Bushy meadows (with shrubs), E: Open meadows (grasslands), F: L itter floor (on dead leaves), 
G :  Stony areas, H: U nder large stones (stony areas used for refuge), I : S lopes next to streams, J :  Flooded meadows, K: Temporal 
pools, L: Temporal streams, M:  Permanent s treams, N :  Permanent pools, 0: Zones of rivers and streams with rapid current, 
P: Zones of rivers and streams with slow current. 

Class I represents the percentage of observat ions in flooded zones, Class 2 the percentage in water masses and Class 3 the 
percentage on solid ground, including those carried out in terrestrial habitats and those on the sh0res of aquatic habitats. 

SPECIES % R . ibe R . per D.gal A .obs H .arb B.buf B.cal S . sal T .bos T.mar 

January 1 .70 7 . 38  

February 5 .57 2 .50 1 .86 1 1 .44 6.52 27 .80 25.40 

March 4.78 1 8 .87 1 6 .05 53.66 26.67 6 1 . 34 94.30 68 .56 1 9 .26 1 0 .76 

A pril  1 .36 2.94 6 .09 1 1 .72 6. 1 5  

May 1 2 . 74 1 6.68 1 0 .57  3 .49 6.25 40.93 4.92 

June 8 .59 6.75 8 . 1 9  5 .83  3. 69 39 .29 4 .22 3 .40 5.23 

J u ly 1 6 .78 1 0.50 1 2 . 84 1 .32 5 .69 3 . 65 20.38  2 . 1 4  4.24 1 6 .86 

August 5.35 5.23 9. 29 5 . 20 1 1 .46 1 8 .26 0 .77  1 9.23 

September 8 . 1 9  9 .04 1 2 . 1 5  1 1 . 57 5 . 83 2 .55 8 .63 

October 1 3 .20 1 3 .95 1 4 .60 1 6.05 1 8 . 1 1  4 .64 2 . 2 1  8 .27 

November 1 9.63 5 . 6 1  5 .26 2 .83 1 0 .55 5 .60 1 8 . 54 8 .95 5 .57 

December 2.04 7 .86 3 .04 1 2.3  l 

Total S ampl ing % CJn % % % % % % % % % 

Time (Minutes) 8785 56 1 468 1 3 7  58 34 1 5  5 22 1 63 1 42 

N U M B E R  O F  O B S E R V A T I O N S  

TAB L E  4: Percentage of corrected frequencies of the number of observations carried out i n  each month for each species. The 
first column detai ls the percentage of minutes sampled each month with respect to the total  of the study period. 
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The other anurans, together with S. salamandra has 
almost exclusively terrestrial habits, except during the 
reproductive season .  They occupied habitats that were 
generally differentiated by the type and density of 
vegetation. T. boscai and T. marmoratus were almost 
always present in water masses, with no defined 
terres trial phase ( L izana, et al. , in press ) ,  and were 
different iated from one another by the presence or 
absence of aquatic vegetation, the depth of the water 
and the speed of the current (Table 3) .  

A ctivity 

Rana iberica and R. perezi were active throughout 
the year except in January (Table 4 ) . The same held for 
Triturus boscai and to a lesser extent for T. marmoratus. 
In these species there was a clear relationship between 
their use of aquatic habitats and their broad seasonal 
activity patterns ( L izana, et al. , in press) .  The other 
anurans and S. salamandra showed a more seasonal 
activity pattern, which was particularly l imited by the 
occurrence of rainy periods in  spring and autumn, 
coinciding in  most species with the reproduct ive 
period. 

SPECIES 
HOUR % R . ibe R . per D.gal 

I - 2 0.56 

2- 3 

3- 4 0.68 1 3 .33 4.90 

4- 5 0. 1 7  1 7. 77  9 .90 

5- 6 

6- 7 0.62 1 .20 4. 1 0  5 .60 

7- 8 0.68 4.40 1 1 .20 10 .29 

8- 9 0.85 3.50 3.90 

9-1 0  4.26 6.50 7 . 50 9.00 

1 0- 1 1 7 .39 1 .02 4. 1 0  8.00 

1 1 - 1 2  8 .93 5 .50 2 .10 

1 2- 1 3  6.54 4.80 2 .00 

1 3- 1 4  4.43 4.26 2.40 3 . 1 0  

1 4- 1 5  7. 1 7  7 .60 3 . 70 1 .95 

1 5- 1 6  8.25 4.00 2 .60 2 .90 

1 6- 1 7  1 0 .4 1  5 .20 2.50 4 .37 

1 7- 1 8  9 .84 3.20 4.60 6.40 

1 8- 1 9  6 .77 4.40 6 .20 3 . 1 0  

1 9-20 4.66 2. 1 0  3.20 3 . 75 

20-2 1 4.09 4.50 0.85 

2 1 -22 3.92 5 . 70 7 .70 1 2 .50 

22-23 5 . 1 7  3 .70 4.20 1 6 . 20 

23-24 3 .0 1  0.49 6. 1 0  1 1 .60 

0- I 1 .47 0 .5 1 1 . 1 0 

Total Sampl ing % % % 

Both ran ids were act ive throughout al l  the hourly 
segments sampled (Table 5 ) ,  although R. iberica 
showed the greatest nocturnal activity. D. galganoi 
showed its greatest activity after sunset. The terrestrial 
anurans and S. salamandra were almost exclusively 
crepuscular and noctu rnal except during rainy periods. 
T. boscai and T. marmoratus seemed to exhibit a 
mainly diurnal activity, although our method of 
sampl ing the aquatic habitats may have biased their 
act ivity est imates (L izana, et al. , in  press). 

Overlap 

The overlap values for the three dimensions of the 
niche and for the overall overlap are shown in 
Appendices 1 to 9 .  As overlap values were highly 
correlated between subdimensions for food and time 
(see further), the arithmetic mean of these two 
subdimensions was also calculated. The h ighest 
overlap values were obtained for food and the smallest 
for habitat. 

A fundamental aspect in  studies dealing with 
communit ies is the degree of dependence between the 
niche d imensions considered (e .g. Pianka, 1 986), 

A .abs H .arb B.buf B .cal S .sal  T.bos T.mar 

29.70 

1 6 .69 

25 .80 

7 .9 1 5 .33  5 .80 3 . 1 2  

4 . 1 0  1 .70 

7 .40 1 1 .90 

3 .30 9.50 

2 . 56 6.20 1 5 .00 

7.05 1 3 . 1 0  6.80 

6 .88 4.70 1 .07 

4.36 2.90 8 .90 

4.6 1 1 .62 1 .40 4.50 

5 .03 10 . 1 5  3 .60 1 3 .70 

3 .6 1  4 . 87  29.5 1 2.30 5 .7 1 

20.62 2 .77  4.70 1 .08 

1 2 . 9 1  5 . 79 1 7 .54 1 9.50 28 .60 2 .80 4.50 

1 9 . 58 6.58 1 9.94 29.50 27 .90 1 .60 1 .70 

1 6. 8 1  1 1 . 3 1  22.84 50.80 1 5 .90 1 .80 4.40 

1 1 .47 23 . 1 7  3 .70 6.00 

% % % % % % % 

Minutes: 8785 N U M B E R  O F  O B S E R V A T I O N S  

56 1 468 1 37 58 34 1 5  5 22 1 63 142 

TABLE 5 :  Percentage of corrected frequencies of the number of observations carried out in each hourly segment for each species. 
The first column details the percentage of m inutes sampled in each hourly segment wi th  respect to the total study period. 
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which is our case were analysed by correlat ions. I n  the 
fi rst p lace, th is  analysis showed that there was no 
correlation between the degree of overlap in t ime 
(Appendix 6) and habitat (Appendi x  7 ;  r, = 0.29. 
P>0.05) or between habitat and food ( Appendix 3) 
(r, = 0.23, P>0.05). However, there was a stat istically 
significant correlation bet ween the overlap in t ime and 
food (r, = 0.4 1 ,  P<0.05), suggesting that the 
consumption of s imi lar prey types was due to s imi lar 
activity rhyt hms. A species diet composition wou ld 
hence be related directly to its act ivity patterns and 
those of its prey (L izana, el al., 1 986).  

The correlation of the overlap values was highly 
significant between the trophic subdimensions of prey 
type ( Appendix I )  and prey size ( A ppendix 2),  
(r, = 0.49, P<0.00 1 ) , and also between the temporal 
subdimensions of annual (Appendix 4) and daily 
(Appendix 5) act ivity (r, = 0.48, P<0. 0 1 ) . This 
supports the hypothesis that in amphibian com
munit i es, owing to their strict ectothermy ,  differences 
in activity produce a pronounced segregation in diet 
composition (see also Schoener, 1 974 and Toft, 1 985) .  

S imi lar conclusions have been reached in studies on 
l izard com munit ies ,  although the relationship between 
both dimensions has not proved to be as t ight as would 
be expected for ectotherms with a greater thermo
regulatory capacity (Perez-Mellado, 1 982) .  Only in the 
case of strongly stenophagous species such as Bufo bufo, 
food seems to be a sufficient segregating factor. I t  is 
stri k ing that, in  genera l ,  the food specialists in 
ectotherm communit ies eat ants (e.g. Mel lado, el al., 
1 975 ;  Barbault ,  et al. , 1 978; Toft, 1 980 a and b; 1 98 1 ;  
Perez-Mellado, 1 982, Pianka, 1 986). A s  has been 
pointed out elsewhere, prey size seems to be of greater 
importance in intraspecific segregation than among 
the different species of the community ( Lizana, et al., 
1 986) .  

Multidimensional Scaling 

MDS analysis shows that i n  the trophic dimension 
(Fig. 4 )  both newts were clearly separated from the 
other species, and were opposed to another group 
formed of B. bufo and H. arborea. The former 
consisted of quasi-specialists in aquatic  prey and the 
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Fig.  2 Euclidean distances between the species according to 
an analysis of mult idimensional scal ing (MOS) for the 
overlap values i n  the trophic dimension ,  prey type 
subdimension. The value of stress for the final  configuration 
is  also given. Abbreviations: Rl  Rana iberica. RP Rana perezi, 
O G  Discoglossus galganoi, AO A !yles obs1e1ricans, HA Hy/a 
arborea, BB Bufo bufo, BC Bufo calamila, SS Sa!amandra 
salamandra, TB Trilurus boscai, TM Trilurus marmora/us. 

latter of myrmecophagous species. The analysis of 
prey type and prey size (Fig. 2 and Fig. 3 respect ively) 
revea led a s imi lar pattern. although it was possible to 
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appreciate the separation of S. salamandra and 
B. ea/am it a, which consumed relat ively large terrestrial 
prey. 

Regarding the annual act ivity pattern (Fig.5) ,  the 
plane of the first two components d ivided the 
community in  two groups: a central one with species, 
such as ranids and newts, that remained active 
throughout most of the year, and another to the right 
of the p lane, which basically exh ibited act ivity during 
autumn and spring. Regarding daily activity rhythms 
(Fig. 6) ,  a central group of  crepuscular species was 
observed, flanked to the right, by species that was 
increasingly nocturnal,  and to the left by species with 
activity during a lmost a l l  hourly segments.  

The general plane of activ ity (Fig. 7 )  revealed 
relatively large E uclidean d istances between species, 
indicating that th is  d imension, more than could be 
deduced from the overlap values alone ( Appendix 6), 
contributed to a large extent to the i nterspecific  
segregation, special ly by separating the nocturnal 
species t hat were s i tuated to the right of  the plane. 

The p lane corresponding to habitat (Fig. 8 )  revealed 
noteworthy large euclidean d istances between virtually 
a l l  species, with a clear trend towards terrestrial habits 
at the lower valu es of the first dimension.  The planes 
corresponding to total overlap between the d imensions, 
calculated by arithmetic means (Appendi x  8, Fig. 9) 
and mu ltipl ication ( Appendix 9 ,  F ig. 1 0) (see Pianka, 
1 974, 1986; May, 1 975) ,  again s howed t hat habitat was 
the main dimension responsible for species segregation 
in  the community studied. I n  this sense i t  i s  i nterest ing 
to observe the strong correspondence of axis  X in Fig .  8 
with that i n  Figs. 9 and 1 0. 
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Fig. 9 MDS for the total overlap.  a rithmetic mean of the 
d imensions. 

- 2.D - 1,0 o.o 1.0 . 2.D 

0 2.0 
I 

AO HA 

• • 
SS 

M 
E 1.0 
N s • • • 

I 0..0 • R P  T B  T M  
• BB • • 

BC OG • " '  
0 N 

-1.0 

2 
-:a.o 

STRESS 0.0854 
-2.0 -1.0 

DIMENSION 
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CONCLUSIONS 

Habitat seems to be the main  d imension responsible 
for species segregation in  our community, with a 
strong correlation between activity rhythms and food 
composit ion oft he species. Most species segregate due 
to the in teraction of the three d imensions considered. 

Our results agree reasonably well with those that 
have appeared in recent reviews on the mechanisms of 
resource part i t ioning in herpetological communities 
(Schoener, 1 974; H eatwole, 1 982;  Toft, 1 985)  and 
point to the great importance of  habitat in  species 
segregat ion.  In snake and larval amphibian com
munit ies ,  segregation seems mainly be due to food and 
act ivity rhythms,  respectively ( H eyer, 1 976;  Toft, 
1985) .  

The structuring of  the community studied seems to 
be a result of the interrelat ionship between the 
d imensions considered, in such a way that the more 
terrestrial species show basically nocturnal activity 
and are, in  general ,  markedly seasonal ,  probably due 
to l im it i ng factors such as environmental temperature 
and h u m idity. The more aquatic species show broader 
diel  and seasonal activity patterns, probably as a resu l t  
of the buffering effect of the ir  aquatic environments 
(Brattstrom ,  1 970; Schoener, 1 974; McFarland, et al. , 
1 979; Stevenson, 1 985 a and b; D uellman and Trueb, 
1986) .  

This conclus ion was also held by Toft ( 1 985)  who 
i ndicates that ' in  single comm u n it ies, the resource 
part i t ioning patterns result  from two or more factors 
that may operate i ndependently, interactively, or 
both ' .  
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Three main gui lds can be distingu ished in  the 
community .  The first is composed of terrestrial 
anurans and S. sa/a111a11dra; their act ivi ty is overtly 
seasonal and nocturnal ,  and they have an exclusively 
terrestrial diet . The second group is formed by the 
anurans with aquatic or m ixed habits ,  that are 
crepuscular or have a broad dai ly act ivi ty period. and 
that are genera l ly euryphagous. A third gui ld contains 
Tri111rus boscai and T. 111ar111ora111s. which are aquatic 
and act ive over a lmost the whole year and in almost a l l  
the hourly segments. Note that for the total overlap, 
both species of Trilllrus appear separated from each 
other, to the same extent that T. boscai i s  separated 
from other the aquatic anurans.  

ACKNOWL EDGEM ENTS 
The capture of specimens was made with an official 

permission by the Direccion Genera l de Agricultura,  
Ganaderia y Montes, Junta de Cast i l la y Leon, Spain .  

We thank D .  Bauwens for comments on the 
manuscript. 

REFERENCES 

Avery. R .  A .  ( 1 968): Food and feed ing relations of three 
species of Tri111ru.1· ( A mphibia Urodela) during the 
aquatic phases. Oikos, 1 9, 408-4 1 2 . 

Barbaul t ,  R . ,  Grenot.  C . .  Uribe, Z. ( 1 978) .  Le partage des 
resources a l imentaires entre Jes especes de li:zards du 
desert de Mapimi (Mexique) .  Tl'/'re el Vie, 32(1 ), 1 35- 1 50.  

Bas Lopez, S .  ( 1 982).  La comunidad herpetologica de 
Caurel: biogeografia y ecologia. A mphibia-Rep1i!ia, 
3, 1 -26. 

Bellot , F. ( 1 966). Mapa de la vege1aci611 de Salamanca. 
IOATO, Diputacion de Salamanca. 

Brana, F .  ( 1 984). Biogeografia, biologia y estructura de 
n ichos de la taxocenosis de Saurios de Asturias. Re.rnmen 
Tesis Doc/oral. Univ .  de Oviedo, 1 - 1 6 . 

Brattstrom, B. H .  ( 1 970). A m ph ibia, i n  Compara1ive 
physiology of thermoregulalion, Whittow, G. C. ( Ed. ) ,  
vol .  I ,  1 35- 1 66, Academic Press, New York .  

Capula, M . ,  Nascett i ,  G . ,  Lanza, B . ,  Bul l in i ,  L . ,  Crespo, E.  G.  
( 1 985) .  M orphological and genet ic d ifferentiat ion 
between the I berian and the other West M editerranean 
Discog!ossus species (Amphibia: Salientia: Discoglos
sidae). Moni!O•e Zoologico !1a/ia no, 1 9 ,  69-90. 

Diaz Paniagua, C. ( 1 979). Estudio de las in teracciones entre 
Trilurus mar111ora1us y Tri/Urus boscai ( Amphibia: 
Caudata) durante su periodo larvario. Dofiana. A c/a 
Verlebrata, 6, 1 9-53. 

D iaz Pan iagua, C .  ( 1 982). Ecologfa de fas pob/aciones de fas 
larvas de Anfibios de fas choreas 1emporales de la reserva 
bio/6gica de Dofiana. Tesis doctoral . U niv. de Sevi l la .  

Diaz Pan iagua, C .  ( 1 983) .  I nfluencia de las caracteristicas 
de! media acuatico sobre )as poblaciones de larvas de 
A n fibios en  la reserva biologica de Dofiana ( H uelva, 
Espana).  Dofiana. A cta Ver1ebrata, I 0(1 ), 4 1 -53 .  

Diaz Pan iagua, C. ( 1 988).  Temporal segregat ion in  larval 
amphibians communit ies in temporary ponds at a 
locality in SW Spain .  A mphibia Replilia, 9(1 ), 1 5-26. 

Duel lman,  W. E . ,  Trueb, L. ( 1 986). Biology of A mphibians. 
McGraw H il l .  New York. 

Griffiths ,  R. A. ( 1 986) .  Feed i ng n iche overlap and food 
selection in smooth and palmate newts, Trilurus vu/garis 
and T. helve1icus, at a pond i n  M id-Wales. Journal of 
A nimal Ecology, 55, 20 1 -2 1 4. 

Hairston. N. G .  ( 1 987 ) .  Co111111u11i1 1 ·  ccoloQ 1· mrd sala111ander.1· 
guilds. Cambridge U n iv.  Prcs

.
s. Can�bridge. 

He:it wole. H. ( 1 982) .  A rc\·icw of st rnct ur ing in hcrpctologica I 
:issemblagcs. in 1-frrpNologirnl co1111111111i1ies. Scot t .  N . .I . 

( ed . ) .  U .S .  Depart . I n ! .  Fish and Wild! .  Ser. Washinl!ton 
D.C .. 1 - 1 9 . 

-

Heyer. W .  R. ( 1 976) .  Studies in larval amphibian habitat 
part i t ioning. S111 i//1. Co111rib. Zoo/ . . 242, 1 -27 .  

I nger. R .  F.  ( 1969).  Organizat ion of  commun it ies of  frogs 
along small ra in  forest streams in S'arawak . .lour. A 11i111. 
Ecol . .  38. 1 23- 1 48 .  

I nger. R .  F . .  Colwel l .  R .  K .  ( 1 977) :  Organ ization of  
contiguous communi ties of Amphibians and Reptiles i n  
Thailand. Ecological 111011ograplrs. 47, 229-253 .  

K ruskal. J . B. ( 1 964). Multidimensional scaling by  optim izing 
goodness of fit to a nonmetric hypothesis .  Psyclro-
111e1rika, 29, 1 -27.  

L izana. M . .  Ciudad. M .  J.. Perez-Mellado. V .  ( 1 986) .  Uso 
de los recursos troficos en una comunidad l berica de 
A n fibios. Revis/a Espafiola de Herpe!Ologfa, I ,  207-273.  

L izana. M. ,  Perez Mellado, V. , Ciudad, M.  J .  ( 1 987) .  
Biometry and relat ion with the ecology of  Rana iberica 
and Rana perezi in the Sistema Central (Spa in) .  Proc. 
Founlr. Ord. Gen. Mee/, S. E. H. ,  N ijmegen,  253-258. 

Lizana, M . ,  Ciudad. M. J., Perez-Mellado, V. (in press). 
Acti vidad, reproduction y uso dcl espacio en una 
comun idad de A n fibios. Treballs Soc. Cal. lc1io!. Herp. , 
2 .  

May,  R .  M .  ( 1 975) .  Some notes on est imating the competit ion 
matrix,  a. Ecology, 56, 737-74 1 .  

McFarland, W .  N . ,  Pough, F .  H . ,  Cade, .J . J . ,  Heiser, J . B .  
( 1 979) .  Ver1ebra1e life. MacMil lan, New York. 

Mellado, J. ,  Amores, F . ,  Parreno, F. ,  Hiraldo, F. ( 1 975) .  
The structure of a Mediterranean  lizard community.  
Dofiana. A c/a Verlebra/a, 2, 145- 1 60. 

Perez Mellado, V.  ( 1 982) .  Estructura en una taxocenosis de 
Lacertidae (Sauria, Repti l ia) del Sistema Central. 
Medi1erra11ea, 6,  39-64. 

Perez Mellado, V.  ( 1 983) .  La herpetofauna de Salamanca: u n  
anal isis biogeografico y ecologico. Salamanca, 1 983 
(9-1 0), 9-78. 

R ico, E. ( 1 978) .  Es!Udio de la flora y vege1aci611 de la 
comarca de Ciudad Rodrigo. Tesis doctoral ,  Univ .  de 
Salamanca. 

Pianka, E. R .  ( 1 973) .  The structure of lizard com m u nit ies. 
A nn. Rev. Ecol. and Sys! . ,  4, 53-74. 

Pianka,  E. R. ( 1 974). N iche overlap and d iffuse competi t ion .  
Proc. Na1. A cad. Sci. U. S. A . ,  71 ,  2 1 4 1 -2 1 45.  

Piai:ika,  E.  R.  ( 1 986) .  Ecology and na/ural history of deser/ 
lizards. Princeton University Press, Princeton, New 
Jersey. 

Schiffman ,  S . S . ,  R eynolds, M .  L . ,  Young, F .  W. ( 1 98 1 ) . 
fn/roduclion lo mul1idimensional scaling: Theory. methods 
and applications. Academic Press, New York.  

Schoener, T. W. ( 1 974). Resource partitioning i n  ecological 
communit ies. Science, 1 85, 27-39. 

Seva, E. ( 1 982). Taxocenosis de Lacer1idos en un arena! cos/era 
A licanlino. Tesis Doctoral. Ser. Publ. Univ.  Al icante. 

S iegel, S. ( 1 956). Nonparamelric s1a1is1ics for 1he behavioral 
sciences. McGraw Hil l ,  New York, Toronto and London. 

Stevenson,  R. D .  ( 1 985a) .  Body size and l imits to  the  dai ly 
range of body temperatures i n  terrestrial ectotherms. 
A mer. Na!. , 1 25(1 ), 1 0 1 - 1 1 7 .  

Stevenson, R .  D .  ( l 985b). The relative i m portance of 
behavioral and physiological adjustments control l ing 
body temperature i n  terrestrial ectotherms. Amer. Nat. , 
1 26(3), 3 6 1 -386. 



444 M IGUEL LIZANA,  VALENTIN PER EZ-ME L L A DO AND M A R I A  JOSE CIUDAD 

Toft, C.  A .  ( 1 980a). a)  Feeding  ecology of th i rteen syntopic 
species of Anurans in  a seasonal tropical enviromment. 
Oecologia (Berlin), 45, 1 3 1 - 1 4 1 .  

Toft, C .  A .  ( I  980b). Seasonal variation i n  populat ions of  
Panamanian l itter frogs a nd the ir  prey: a comparison of 
wetter and drier s i tes. Oeco/ogia (Berlin), 47, 34-38. 

Toft, C.  A. ( 1 98 1 ) .  Feeding ecology of Panamanian l i t ter 
patterns in  diet and foraging mode . .!. of Herpetolug r, 
1 5(2), 1 39- 1 44. 

Toft. C. A. ( 1 985) .  Resource part i t ion ing in Amphibians and 
Repti les. Copeia. 1 985(2),  1 -2 1 .  

Toft. C.  A . ,  Duel lman, W .  E. ( 1 979). A nurans of the lower rio 
L lu l lapichis, A mazonian Pen'.1 : a pre l im inary ana lysis of 
community structure. Herpetologica. 35( 1 ), 7 1 -77.  

Valverde. J .  A .  ( 1 96 7) .  Estructura de 111za co1111111idad 
mediterrrmea de i•ertebrados terrestres. Mon.  Cienc. 
Moderna. C.S . I . C . .  Madrid. 

A PPENDIX 

R. ibe R .per D.gal A .obs H . arb B.buf B.cal. S.sal T.bos T.mar 

R . ibe 

R .per 0.95 

D.gal 0.88 0.96 

A .obs 0.42 0.55 0.68 

H .arb 0. 1 9  0.38 0 .53 0 . 8 1  

B.buf 0. 1 3  0 .32 0 .47 0.78 0.99 

B.cal 0.47 0.58 0.67 0.84 0.54 0.49 

S.sal  0.55 0.64 0.73 0.77 0.49 0.43 0.92 

T.bos 0.73 0.66 0.55 0.09 0.02 0 .009 0.07 0 . 1 8  

T.mar 0. 10  0.09 0.07 0.0 1 0.004 0 .00 1 0.0 1 0.03 0.6 1 

TABLE I :  Overlap matrix in the trophic d imension; prey-type subdimension. 

R . ibe R .per D.gal A.obs H .arb B.buf B.cal S . sa l  T.bos T.mar 

R . ibe 

R . per 0.98 

D .gal 0 .96 0.94 

A.obs 0.97 0.96 0 .98 

H . arb 0.66 0 .7 1 0.46 0.57 

B.buf 0.96 0.94 0.88 0.90 0.77 

B.ca l  0 .54 0.63 0 .37 0.47 0.78 0.5 1 

S.sal  0 .59 0.66 0.41  0.48 0.84 0.60 0.90 

T.bos 0 .74 0.70 0.77 0 .84 0.55 0.66 0.46 0.48 

T.mar 0. 1 7  0.22 0 .29 0.35 0.06 0.05 0.07 0.06 0.77 

TABLE 2: Overlap matrix i n  the trophic d i mension; prey-size subdimension . 

R . ibe R . per D .gal  A . obs H.arb B.buf B . ca l  S .sa l  T.bos T.mar 

R . ibe 

R . per 0.97 

D .gal 0.92 0.95 . 

A .obs 0.69 0.76 0.83 

H .arb 0.43 0.54 0 .50 0.69 

B .buf  0.55 0.63 0.67 0.84 0.88 

B .ca l  0.5 1 0.60 0 .52  0.65 0.66 0.50 

S.sa l  0 .57 0.65 0.57 0.63 0.66 0.52 0.9 1 

T.bos 0.73 0.68 0.66 0.47 0.29 0.33 0 .26 0 .33 

T.mar 0 . 1 3  0. 1 6  0 . 1 8  0. 1 8  0.03 0.02 0.04 0.04 0.69 

TABLE 3:  Overlap matrix in the trophic dimension; arith metic mean of  the subdimensions. 



AMPH I BI AN COM MUN ITY I N  SPAIN 445 

R. ibe R .per D.gal A .abs H .arb B.buf B.cal S.sal T. bos T.mar 

R . ibe 

R . per 0.95 

D.gal 0 .74 0 .72 

A .abs 0.82 0.82 0.82 

H .arb 0.54 0.49 0. 1 5  0.2 1 

B.buf 0.63 0.62 0.87 0.66 0.07 

B.cal 0.55 0.48 0.92 0.69 0.00 1 0.9 1 

S . sal 0.59 0.53 0.90 0.75 0.04 0 .88 0.97 

T.bos 0.59 0.52 0 . 5 1  0 .72 0. 1 6  0.48 0.50 0.60 

T.mar 0 . 57  0.67 0.4 1 0.60 0.22 0.50 0.27 0.36 0.70 

TA BLE 4: Overlap matrix in the temporal dimension: annual act ivity subdimension. 

R . ibe R .per D.gal A .abs H .arb B.buf B.cal S .sal T.bos T.mar 

R . ibe 

R .per 0.79 

D.gal 0.40 0.75 

A .abs 0 .24 0.50 0.66 

H .arb 0.44 0.47 0.44 0.57 

B.buf 0 .2 1 0.44 0.65 0.60 0.42 

B .cal 0 . 1 3  0.38 0.69 0.69 0.74 0 . 7 1  

S .sal 0 . 2 1  0.44 0 .74 0.60 0.30 0.60 0 .70 

T.bos 0.29 0.30 0.24 0.27 0 . 2 1  0 . 1 3  0.08 0.08 

T.mar 0.48 0.50 0 .39 0.29 0.42 0.36 0. 1 9  0. 1 6  0.43 

TABLES:  Overlap matrix in  the temporal dimension; daily activity si;bdimension. 

R . ibe R .per D.gal A .abs H .arb B .buf B .cal S .sal T.bos T.mar 

R . ibe 

R . per 0.87 

D.gal 0.57 0.74 

A . abs 0.53 0.66 0 .74 

H .arb 0.49 0.48 0 .29 0.39 

B.buf 0.42 0.53 0 .76 0.63 0 .24 

B .cal 0.34 0.43 0.80 0.69 0 .37 0.85 

S.sal  0.40 0.48 0.82 0.68 0 . 1 7  0.74 0.83 

T.bos 0.44 0.4 1 0 .37 0.49 0 . 1 8  0 .3 1 0 .29 0.34 

T.mar 0.53 0.58 0.40 0.44 0.32 0.43 0.23 0 .26 0.56 

TABLE 6: Overlap matrix i n  the temporal dimension; arithmetic mean of the subdimensions. 
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R. ibe R . per D.gal  A .obs H . arb B .buf B.cal S.sal T.bos T.mar 

R. ibe 

R . per 0.54 

D.gal 0.55 0.37 

A .obs 0. 1 0  0.07 0. 1 7  

H .arb 0.36 0.5 1 0 .38 0.20 
B.buf 0.35 0.23 0.59 0.46 0.22 
B.cal 0.04 0.07 0 .77 0. 1 4  0. 1 9  0.53 
S.sal 0.09 0.02 0. 1 8  0.27 0. 1 0  0.47 0.35 
T.bos 0.47 0.86 0.36 0 .09 0.80 0.27 0.03 0 .09 
T.mar 0. 1 9  0.60 0. 1 6  0.08 0.63 0.08 0.04 0.05 0.78 

TABLE 7: Overlap matrix in the spatial dimension.  

R . ibe R . per D.gal  A .obs H .arb B.buf B.cal S.sal  T.bos T. mar 

R . ibe 

R . per 0.79 

D.gal 0.68 0 .69 

A .obs 0.44 0.49 0.58 

H . arb 0.43 0 .5 1 0 . 39 0.43 

B.buf 0.44 0.47 0.68 0 .64 0.45 

B.cal 0.30 0 .37  0.70 0.50 0.41 0 .62 

S .sal 0.35 0 .38 0.52 0 .53 0.3 1 0 .57 0 .70 

T. bos 0.55 0.65 0.46 0.35 0.42 0.30 0. 19  0.25 

T.mar 0.28 0.45 0.25 0.23 0.32 0 . 1 8  0. 1 0  0. 1 2  0.68 

TABLE 8:  Total overlap matrix calcu lated by arithmetic mean of the dimensions. 

R . ibe R . per D .gal A .abs H .arb B .buf B .cal S.sal T.bos T.mar 

R . ibe 

R .per 0.46 

D.ga l  0 .29 0 .26 

A .obs 0.03 0.03 0. 1 1  

H . arb 0.07 0 . 1 3  0.05 0.05 

B.buf 0.08 0 .08 0.3 1  0.25 0.04 

B .cal 0.008 0 .01  0 .32 0.06 0.04 0 .22 

S.sal 0.02 0.008 0.08 0 . 1 2  0.0 1 0 . 1 8  0 .27 

T.bos 0. 1 5  0 .24 0.09 0.02 0.04 0 .02 0.002 0.0 1 

T.mar 0.0 1 0 .05 0 .01  0.006 0.006 0.00 1 0.00 1 0.00 1 0.30 

TABLE 9: Total overlap m atrix calcu lated by mult ipl ication of the dimensions. 
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TEMPORARY PONDS AS BREE D I N G  SITES OF AMPH IBIANS AT A LOCA L ITY I N  
SOUTH WESTERN SPAIN 

CARMEN DI AZ-PAN I AGUA 

E.Haci611 E.rpcri111enral Zonas A ridas. General Segura I. 0400 / A l111cria. Spain: and nmr Fsraci6n Rio/6gica de Druirma. Apartarlo /051'i. 

4 1080 Scl'illa. Spain. 
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A BSTRACT 

Breeding habitats of 1 0  amphibian species were investigated and classified by their physical characteristics. The 
relative l arval abundance of the species was analysed in 1 5  temporary ponds, resu lt ing in positive correlations with 
the area of the ponds, whereas negative correlations were found between species diversity and the persistence of the 
ponds. Regarding the use of their habitats, one species was not correlated with any one, and among the others, two 
groups of species were different iated because of their negative associations. 

I NTRODUCTION 

Breeding sites are of great importance for 
amphibian reproduction,  and therefore play a decisive 
role in the conservat ion of the species (see e.g. Cooke 
and Ferguson, 1 976, Beebee, 1 983). Some general 
characteristics of the breeding habitats of several 
I berian and European amphibians have been l isted in 
fieldguides (e.g.  Boulenger, 1 897-98, Smith ,  1 954, 
Fretey, 1 975,  Garcia Paris, 1 985) .  More details have 
been given of the breeding habitats of newts by Cooke 
and Frazer ( 1 976) and De Fonseca and Jocque ( 1 982) 
i n  Belgium,  and i n  Norway by Dolmen ( 1 980). The 
habitats of natterjack toads have been described in 
several papers (Beebee and Griffin ,  1 977,  A ndren and 
Ni lson,  I 985a, b) and those of tree frogs were described 
by Stumpe! and H anekamp ( 1 986) in H ol land.  Other 
works have been published on the characteristics of the 
breeding sites used by the amphibian communit ies 
from different localities. Beebee ( 1 977 ,  1 979, 1 980, 
1 983 ,  1 985) and Banks and L averick ( 1 986) have made 
an inventory of the breeding sites of a mphibians i n  
Engl and ,  comparing the  occurrence of  different types 
of ponds and analysing their characterist ics. Strijbosch 
( 1 980) related the breeding of several anuran species in 
the Netherlands to physicochemical variables and to 
the plant communities of the ponds .  The amphibian 
community examined i n  this  present  paper was also the 
subject of a previous study made of the abundance of 
l arval amphibian species i n  relation to pond features 
(Diaz-Paniagua ,  1 983). 

In t h is study some physical characteristics of 
breeding sites were i nvestigated, i n  an area where 1 0  
species occurred. These were seven anurans: Pelobates 
cultripes, Discoglossus galganoi, Bufo bufo, 
Bufo calamita, Rana perezi, Pelodytes punctatus, Hyla 
meridiona!is, and three urodeles: Pleurodeles waft!, 
Triturus marmoratus and Triturus boscai. The relative 
abundance of l arvae and the coexistence of t he 
different species breeding i n  the ponds are considered. 

STUDY A REA 

The Biological Reserve of  Dofiana i s  located i n  
Southwestern Spain between the  Atlantic Ocean and 
the marshes formed by the mouth of Guadalquivir 
River. This area has been described in detail by several 
authors (A l l ier, et al. , 1 974, Garcia Novo, et al., 1 978 ,  
A mat, et  al. , 1 979). 

The cl imate is Mediterranean with an Atlantic 
i nfluence, characterised by hot,  dry summers, and 
rains that occur mainly in autumn.  Winter temperatures 
do not commonly reach negat ive values (a description 
of the variation of temperature and rainfall during the 
study period is given i n  Diaz-Pan iagua, 1 986). 

Temporary ponds in the area are commonly flooded 
by the autumn rains .  A great number occur in an  
extensive sandy zone of the  Reserve, where the 

. predominant vegetation is the scrub of Halimium 
halimifolium and Erica scoparia; isolated specimens of 
Quercus suber and smal l  groups of Pinus pinea 
constitute the arboreal vegetation .  N umerous 
tef11porary ponds in an area bordering the m arsh are 
also flooded. Slow-moving currents of water flow from 
these into the marsh during the autumn and winter 
months but later in the year they remain as s t i l l  ponds, 
locally  known as 'cafios'. Some extensive lagoons 
constitute the permanent waters of the R eserve and 
these h ave not been i ncluded i n  this study, but the 
numerous temporary ponds i n  the meadows that 
surround them are i ncluded. 

M ETHODS 

This study was conducted during the amphibian 
breeding season 1 984-85 .  In autumn 1 984, 1 5  
temporary ponds were selected for sampl ing larval 
amphibian populations. These samples were taken by 
means of a dipnet,  during daytime, at different  
locations i n  each pond, where the n u mbers of larvae of 
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PLATE I :  Two temporary ponds incl uded in this study: CHT ( left) and P I N  ( right) .  

each species were recorded. This was carried out once 
every two weeks in the first two months. Later on, 
samples were taken monthly unt i l  no more larvae were 
found in ponds. A detailed description of some of the 
ponds has been given in a previous paper (Diaz
Paniagua, 1 983) .  For this study, only phys ical 
characterist ics were taken into account for the 
classification of the ponds (Table 1 ) :  

The persistence of water in  the ponds was calculated 
in relation to the length of the amphibian breed ing 
season (see description in D iaz-Paniagua, 1 986), which 
is considered to be from t he t ime the first species 
started breeding to the end of metamorphosis of the 
last larvae in the ponds.  The following categories were 
considered: A) Ponds that pers isted before and after the 
amphibian breeding season (flooded with autumnal 
rains and dried up in late summer). B) The breeding 
season was equivalent to the t ime of water persistence 
(flooded with autumnal rains and dried up in early 
summer). C) Ponds t hat were flooded once the breeding 
season had started but persisted up to the end (flooded 
in  w inter and dried up in  summer. D) Ponds t hat were 

Relative 
Ponds Persistence Area (m2) Depth 

ORF A 626 1 .66 

DS A 1 246 2 .65 

GAN A 

MAR A 49 1 5.40 

MP B 48 6.0 1 

BRE B 1 295 2.59 

CM B 49 1 1 .85 

NSO c 2 1 4  1 .44 

D O M  D 1 04 1 . 1 7  

PIN D 204 2 .0 1  

ACM D 1 200 2.48 

CHT B 1 769 3 .23 

JH E 406 I . J O  

O D U  E 304 1 . 57  

NT E 83 1 1 . 89 

flooded once the breeding season had started and dried 
up before it had finished (flooded in winter and dried 
up in spring). E) Ponds that flooded and dried up 
intermittently during the breeding season. 

Area was calculated by measuring the length and 
width of  each pond and by its approx imation to an 
elipsoid. The areas given in Table I correspond to this 
measurement recorded in December 1 984. 

Maximum depth: A lthough fluctuations during the 
whole study period were registered, only values in 
December were considered. 

Relat ive depth was calculated by relating the two 
parameters described above (after Wetzel ,  1 975). 

A classificat ion oft he ponds based on these physical 
characterist ics was made by means of a cluster analysis 
of variables, calculating Eucl idian distances as 
measures of s imi larity (BMD P I M ,  Dixon, 1 985). 

A description of  the breeding s ites of the species was 
also made from personal observations recorded in 
different locations of the study area during the last 
seven years. 

Relative 
Maxim.um Number of Abundance 

Depth (cm) Species Diversity (larvae/sample) 

47.0 2 + 2  0.90 1 3 .240 

22 .5  3 + 3  1 .242 2 .340 

4 + I 0.774 2.780 

85.0 5 + 2  1 . 5 1 3  2 .3 1 0  

47.0 1 + 2 0 .856 2 .500 

2 1 .0 1 + 2 0 .2 1 8  0.244 

1 7 . 5  4 + 1 0 .8 1 8  2 . 1 60 

1 6.0 6 + 1  1 . 520 1 .637 

1 5 .0 2 + 2  0.623 6.579 

32.0 2 + 1 0 .924 0.9 1 8  

20.0 4 + 0  1 . 1 3 6  1 .970 

1 4.0 4 + 2  2 . 1 70 0.982 

24.0 3 + 2  0.760 3 .000 

1 6.0  3 + 2  0.76 1 5 .730 

14 .0 2 + 0  0.668 8.000 

TABLE I :  Main physical characterist ics of the ponds sampled besides number of species (anurans + urodeles), diversity and total 
relative abundance. (For explanation of codes of persistence: see the text). 
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Larval communit ies were described on the basis of 
relative abundance, considered as a rat io of the 
nu mbers of larvae of each species recorded to the 
number of samples taken. However, for calculat ing 
Shannon-Wiener diversity indexes, the frequency of 
i ndividuals of each species over the tota l  nu mber 
recorded in each pond was considered. The same 
d ivers i ty index was considered as a measure of niche 
breadth for each species according to their presence in 
the different ponds. Mult ivariate factor (BMD P4M . 
Dixon,  1 985) and cluster analysis (SPSS, 1 986) were 
carried out on larval relat ive abu ndance matri x in  
order to analyse i nterspecific associations accordi ng to 
the use of their habitats .  Non parametric correlation 
was employed to relate some physical variables 
characterising the ponds to ot her parameters of the 
larval com munity,  such as diversity and relat ive 
abundance. 

RESU LTS 

The physical characteristics of the ponds are 
described in Table 1 .  Flooding of the more pers istent 
ponds occurred in  early November. While the drying 
up of some was recorded from late March  onwards, 
others persisted as smal ler pools into the summer. 
Maximum depths of the ponds did not reach high 
values, a l l  were under l OOcm; relative depth gave some 
information on the morphology of the basin ,  the 
highest values corresponded to those ponds which 
have been modified by hu man activity (MP, MAR) 
whi le natural formations were usually shal lower. 

There was a wide variety in the area of the ponds 
studied, even though previous selection excluded very 
extensive stretches of water. The smal lest pond 
measured 48m2 (M P), with small fluctuations during 

most of its flooded period , whereas the ot hers t hat 
reached larger dimens ions exhibited broad variations 
between initial flooding and drying up. 

The classification of the ponds based on the results 
from a cluster analysis is shown in  Fig. 1 (because of 
the lack of some data . GAN was not included). 
Maximum and relative depths were the main variables 
contribu t ing to the first grouping of the cases, thus one 
cluster included the ponds with the largest val ues and 
the other cluster i ncluded al l  the remai ning ponds. I n  
th is second group. ponds were clustered mainly 
because of differences in  their persistence. 

The larval species in 1 he po11d1· 

Ten species bred in the study area, their presence and 
relative abundance in  the ponds sampled are shown in 
Fig. 2, and commented on the fol lowing paragraphs: 

Pe/oba1es rnl!ripes: This species commonly bred i n  
very large water bodies such a s  t h e  nearby marsh in  the 
study area,  but i t  a lso frequently used smal l  temporary 
ponds and tadpoles were found in most of them. I ts 
early breeding precluded it from using ponds that 
flood later in the season.  This early occu pation of 
temporary ponds, however, could produce mass 
mortal i ty of the eggs or tadpoles, because of the great 
fluctuations in water level in the early phases of some 
ponds which may dry out and refi l l  repeatedly (see 
Diaz-Paniagua, 1 986). 

Discoglossus galganoi: Its common breeding sites i n  
the study area were small  muddy ponds in meadows 
close to extensive stretches of water. The largest larval 
abundance detected corresponded to a smal l ,  shal low, 
i ntermittent ly flooded pond (ODU). I ts ability to 
spawn repeatedly during the breeding season 
(K noeppfler, 1 962) and to metamorphose at a very 

AMALGAMATION DISTANCES 

MAR 
MP 
OS 
BAE 
ACM 
NT 
ODU 
JH 
PIN 
NSO 
DOM 
CM 
CHT 
ORF 
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Fig. I Dendrograms showing combine distances for 1 4  temporary ponds based on their physical characteristics. S imi larity was 
measured by Euclidean distances. 
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CH T N SO C M  ODU O S  DOM P I N ORF 
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Fig. 2 Relative abundance of each species in the 1 5  ponds, expressed as percentages over the value of total re lative abundance in 
each pond (see Table I ) . ( Abbreviations of specific names correspond to the in it ials of their scientific names.) 

smal l  size (Diaz-Paniagua, 1 988)  enabled th is species 
to breed successfully in such temporary ponds. 

Bufo bufo: B reeding of this species in the study area 
was c learly restricted to a zone characterised by the 
occurrence of permanent and extensive l agoons (not 
included in  th is study). The proximity of the two ponds 
where tadpoles were detected to large areas of water 
might have been an important reason for their  
occupation rather than any other physical 
characteristic. 

Bufo calamita: The short duration of the larval 
period of this species a l lowed i t  to breed successful ly  i n  
ephemeral  pools .  I t s  typical breeding sites in Dofiana 
were small ,  shal low ponds, but i t  also has been found 
to breed in the shallow m argins of large ones. This 
species was abundant in those ponds showing the 
lower values of relative depth (DOM and JH, see Fig: 2) .  
Even ephemeral puddles have somet imes been 
observed as breeding sites for this species. 

Rana perezi: Adults of th is species were common i n  
most areas o f  water in  t h e  study area (temporary 
ponds, permanent ponds and marshes). High larval 
abundance was only recorded in GAN, a large pond 
which persisted much longer into the summer than the 
others. The characteristic late onset of rep roduction in  
th i s  species (Diaz-Paniagua, 1 986, 1 988)  probably 
l imited its breeding sites to those ponds sti l l  i n  
existence i n  late spring and sum mer. 

Pelodytes punctatus: B reeding of this s pecies in  the 
study area typically occurred i n  the nearby marsh; 
where i t  was found during the autumn.  O ccasional ly it  
was observed in  temporary ponds surrounding this 
h abitat (MAR). 

Hy/a meridionalis: This species had the largest relative 
abun dance of  a l l  the species observed (see also Diaz-

Paniagua, 1 983)  and its presence in most of the ponds 
sampled suggested that it may breed in a wide variety 
of temporary ponds. Their tadpoles were recorded in 
every pond, with the except ion of NT where the 
breedi ng season of this species did not coincide with 
the period of flooding of the pond (see Diaz: Paniagua, 
1 986, for a description of the breeding season). 

Triturus marmoratus: This species typically bred in 
most temporary ponds in the area, aithough it was not 
found in  two of the ponds studied. In  one of these the 
reason was the drying up of the pond before the onset 
of the breeding season of these n ewts. 

Triturus boscai: These newts seemed to have the 
same requirements for breeding sites as the species 
above (see Diaz-Paniagua, 1 983) .  The low numbers 
found may be due to the difficulty in finding their 
larvae in the ponds. 

Pleurode/es wait!: This was an abundant species in 
the area, breeding mainly in the nearby marsh, 
although small numbers were detected in  the 
temporary ponds. 

The larval communities in the ponds 

A general view of the composition of larval 
communit ies i n  each pond, expressed after the relative 
abundance of each l arval species is given in  Fig. 2 .  The 
max imum number of species occupying one pond was 
seven ,  whi le  for anurans the max imum number of 
species in  a pond was six, and for urodeles it was three 
(a l l ) .  However it should be noted that in  several cases 
larvae did not ut i l ise  the space coincidental ly (Diaz
Paniagua, l 9,i8).  The highest number of species 
coexisting was therefore lower than that of species 
using the ponds. 
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Rr!a1i1·r 
Pasis1r11cr Drp1h Area 

Diversity -0.585* -0. 267 0.089 
(n = 1 5) ( n  = 1 4 )  ( n  = 1 4) 

Total 
Relat ive -0. 2 1 3  0.267 -0.634* 
Abundance (n = 1 5 )  ( n  = 1 4) ( n  = 1 4) 

TABLE 2: Spearman correlation coefficients calculated 
between variables describing physical characteristics of the 
habitats and variables regarding to the occurrence of larval 
amphibians ( * :P<0.05) .  

Species Number of Ponds Nichr Brrad1h 

P. cullripes 1 0  1 .857 

D. ga/ganoi 7 1 . 1 22 

B. bufo 2 0. 549 

B. calami1a 8 1 .480 

H. meridiona!is 1 4  2 .08 1 

R. perezi 4 0. 1 28 

P. punc1a111.1 I 0 

T. 111armora111s 1 3  1 .646 

T. boscai 6 1 .225 

P. 1rn/1/ 4 1 . 332 

TABLE 3: Number of ponds in wh ich each species was 
recorded and values of n iche breath calculated after the 
Shannon-Wiener diversity index. 

The relat ive abundance of all the species was 
negatively and significantly correlated to the area of 
the ponds (Table 2) which affected the measurement 
because the larvae tended to be more concentrated in 
smal ler ponds. A l so a significant negative CO)Telation 
ex isted between species diversity in the ponds and their 
duration, although l arge diversity values were also 
obtained for some long-last ing ponds. No s ign ificant 
correlation was found for rel at ive depth between either 

species d iversity or total relat ive abundance in the 
ponds. 

The presence of one species in the ponds and the 
d ivers i ty index calculated for each species accord ing to 
i ts  frequency of occurrence in the ponds (used as niche 
breadth index) were used to compare the spatial 
requirements oft he species (Table 3) . Hy/a meridiona/is 
was the most generalist species, being found in 1 4  of 
the 15 ponds, and present ing the largest value of  
diversity. At the other extreme, species such as  Bt!(o bu(o 
and Rana perezi were restricted to small numbers of 
ponds and presented low niche breadths whereas high 
abundance was only reached under particu lar 
condit ions. Results obtained for Pe!odytes punctatus 
and P!eurode!es wait! were not considered because of 
the smal l  numbers found (see Fig. 2) thus suggest ing 
that these are not their most characteristic breeding 
sites. 

A cluster classification of the larval density of 
species in  ponds is  represented in Fig. 3, and the results 
obtained from a factor analysis (Table 4) contributed 
to its clarification. There did not seem to be a high 
association of species. Three main clusters appeared. A 
group with only one species, Rana perezi, which was 
not correlated with any of the others, h igh density only 
occurring in ponds where other species are not very 
abundant (see Fig. 2). The second cluster included the 
urodeles and two species of anurans: Bufo ca!amita 
which appeared closely associated with Triturus boscai 
and Hy/a meridiona/is which, being widely distributed, 
was negat ively associated with the other four species of 
anurans. These last four species constituted the third 
cluster, including species negatively or not associated 
with those in the other groups. 

DISCUSSION 

The persistence of the temporary ponds may be 
considered as a l im it ing factor for the development of 
communit ies therein .  For amphibian communities, the 
unpredictabil ity of these habitats is compensated for 
by the  flexib i l ity of the breeding season (Diaz
Paniagua, 1 986) and of the larval l ife duration with a 

RESCALED DISTANCE CLUSTER COMBINE 
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R. pe.rezi 
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Fig. 3 Dendrogram showing cluster co�bine distances for the larval  species based on their relative abundance i n  the ponds. 
Cosine of vectors of variables is used as distance coefficient, rescaled i n  the figure in a range I to 25 .  



452 CARMEN DIAZ-PANIAGUA 

FI F2 FJ F4 F5 

P. wait/ 0.868 -0.28 1 

T. marmoratus 0.803 0.467 

D. ga/ganoi -0.557 -0.340 

H. meridionalis 0.9 1 6  

T. boscai 0.848 

B. calamita -0.439 0.8 1 0  

P. punctatus 0.909 

P. cultripes -0.347 -0.43 1 0.668 

R. perezi 0.920 

B. bufo -0.466 -0.383 

VP 1 .907 1 .780 1 . 75 1 1 .394 1 . 1 48 

TABLE 4: Rotated factor loadings result ing from a factor a nalysis based on the relative abundance of the  species in each pond. 
and the proportion of variance ( V P) accounted for by the common factors. (Loadings less than 0.250 are not shown. )  

wide range of body sizes at metamorphosis (Wilbur 
and Collins, 1 973) .  

Temporal reproductive patterns of the species 
studied have been described in a previous study, where 
a segregation in time was found to be of great 
importance (Diaz-Paniagua, 1988) .  In this study, 
differences in the occupancy of the avai lable breeding 
habitats were also found, which may contribute to the 
segregation of the species . On the basis of larval 
abundance in the ponds, the amphibian community 
studied may be considered a s  composed of: a) species 
breeding mainly in temporary ponds, commonly 
persisting from winter to early summer (Hy/a 
meridionalis, Triturus marmoratus. Triturus boscai; 
b) species which usually breed in very temporary 
ponds (Bufo ca/amita, Discoglossus ga/ganoi); c) species 
breeding mainly i n  permanent or extensive waters, 
a l tho ugh t hey may also occur in temporary ponds 
(Pelobates cultripes, Bufo bufo. Rana perezi, Pelodytes 
punctatus, Pleurodeles wait/). 

The high proportion of species in the group (c) was 
remarkable. Their l arval l ife histories seem to be better 
suited to different habitat conditions from the 
temporary ponds although they can achieve an 
acceptable level of breeding success in  them.  The use  of 
such ponds by these species provides another example 
of the flexibil ity of the breeding season of amphibians 
and probably this contributes to increasing the 
probabi lities of  success in reproduction u nder 
u ncertain physical conditions. 

The capabil i ty of i nhabiting a great number of 
widely d iffering types of pond and of metamorphosing 
a large number of i ndividuals may be considered as an 
indication of a species' ability to breed successfully i n  
such kinds o f  ponds. In t h e  same way, i mportant 
variations in relative larval abundance are observed 
for some species depending on t heir coexistence with 
other larval species, result ing i n  negative associations, 
wh ich  seems to  imply differences in  competitive 
abil ity. Thus, some species appeared to occupy a great 
number of ponds and they were usually very abundant 
(e.g. Hy/a meridionalis, Triturus marmoratus, Pelobates 
cultripes). Others appeared to be restricted to a 
particular k ind of pond and only reached h igh 

numbers when those more com mon species were not so 
abundant, as was the case with Bufo ca/amita and 
Discoglossus galganoi in intermittently flooded or 
ephemeral ponds. 

No overriding relationsh ips among the larval species 
were found in a previous work ( Diaz-Paniagua, 1 983),  
but a temporal segregation was found (Diaz-Paniagua, 
1 988) .  H abitat partit ioning also contributed to a 
decrease in the overlap among the larval species, 
suggest ing that interspecific relat ionships might have 
had an i nfluence on the community organisation. This 
may also be confirmed by a decrease in larval density 
of some widely distributed species when they have to 
share their habitats with other species. As Heyer ( 1976) 
argued, i t  is possible that factors contributing to those 
segregations might have been important 'historically' 
and that  interspecific competit ion is not an important 
factor in the organisation of the larval amphibian 
communities at present because of the occurrence of 
the temporal and habitat partit ioning. 
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A BSTRACT 

(I) Protein electrophoret ic pat terns from early l i fe stages of two anurans, Bufo bu(o and Bufo ca/amita, were 
compared. Samples were taken from two widely-separated populations of each species. 
(2) Spawn jelly of the two toads could be distinguished reliably by t he difference in molecular weight of a single 
major component (30,000 in B. bufo, 35,000 in B. ca/amita). 

(3) S mall tadpole total proteins could be distinguished by the presence (B. bufo) or virtual absence (B. ca/amita) of 
two characteristic proteins of M rs 49,000 and 53 ,000. 
( 4) L arge tadpole tailfin proteins also differed in a species-specific way; B. bufo exh ibited a strong band of Mr 62 ,000 
that was almost absent in B. ea/am it a, while the latter species had a doublet (Mrs 57 ,OOO and 58 ,000) instead of the 
single 57,000 Mr  polypeptide seen in B. bufo. 

INTRODUCTION 

Molecular analyses offer great improvements in 
many areas of taxonomic biology where, in  the past, 
there has been almost total reliance on morphological 
criteria. The more precise molecular approach has 
many possible uses, including service to field studies in 
cases where there are difficult ies in recognising closely
related species. A good example of this situation arises 
within the amphibia; in Britain the two species of toad 
Bufo bufo and Bufo ca!amita are readily dist inguished 
as adults,  but with much greater difficulty as eggs and 
larvae. M orphological criteria for spawn and tadpoles · 
do exist (e .g.  see S mith ,  195 1 ;  Beebee, 1983)  but are 
notoriously unreliable. L arvae of both s pecies, for 
example, are uniformly black and of very similar 
shape; identification is currently based on difficult 
measurements of mouth-width or tooth patterns, or on 
the appearance later in development of a white 'chin 
patch' in  B. calamita. The first two of these criteria are 
very t ime-consuming on large samples, and all three 
have substantial error rates (e.g. M at h ias, 1 97 1 ;  
Beebee, 1 977). 

In t h is paper I describe a novel molecular approach 
to the  identification of toad eggs and larvae that,  for 
the above two species, has proved completely rel iable. 

MATERIALS A N D  M ETHODS 

MATERIALS 

Smal l  samples of spawn and tadpoles of both toads 
were collected (that of B. calamita under l i cence) from 
two widely separated sites (Hampshire and Cumbria) in  
England; development was  sustained t hereafter i n  the  
laboratory (Beebee and B eebee, 1 978).  Routine 
chemicals, including electrophoresis-grade acrylamide, 
were from BDH (Poole, UK) and molecular weight 
marker proteins (range: 29,000-205,000) were from 
Sigma (Poole, UK). 

SAM PLE PREPARATION 

0. 5- 1 . 0ml  batches of spawn jel ly were cut and 
detached from spawn strings using scissors and 
forceps, and stored unt i l  needed at -20°. Each sample 
was then lyophilised overnight ,  dissolved in 100-200µ1 
loading buffer (LB = 50mM Tris-HC I pH 6 .8 ,  0. I 5M 
merceptoethanol, 1 % SOS, 1 0% glycerol ,  0.00 I %  
phenol red) and immersed in a boiling water bath for 
5 minutes.  50µ1 were used immediately after cooling 
for electrophoretic analysis. Small (< 12mm) tadpoles 
were k i l led by flash-freezing, suspended in 1 00µ1 LB 
and treated as above prior to electrophoresis of 10-50µ1 
al iquots.  Sections of dorsal tai l  fin were rapidly exised 
from large ( 1 2-25mm) l arvae laid on a damp ti le,  using 
a razor to cut as shown in Fig. I .  Tadpoles were 
returned to the tanks,  and the fin sample suspended in 
1 00µ1 LB fol lowed by the same treatment employed for 
entire small  tadpoles . 

Fig. I Tailfin clipping regime. 
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E LECTROPHORESIS 

This was carried out under strictly denaturing 
condit ions. Separating slab gels contained 7 .5- 1 2% 
acrylamide, 0.2-0. 35% bis acrylamide made up in 0. 33M 
Tris-HC l pH 8 .8 ,  0. 1 % SOS. A stack ing gel of 5% 
acry lamide, 60mM Tris-HC l pH 6.8,  0. 1 % SOS was 
used and a running buffer of 50mM Tris, 0 .38M glycine, 
0. 1 % SOS pH 8 .3 .  Electrophoresis was normally for 
about 6 hours at ! OOV. Staining was for 1 -2  hours in 
0. 1 % Coomassie blue in l 0% acet ic acid, 50% ethanol,  
fol lowed by overnight destaining in 1 0% acet ic acid. 
Gels were then photographed and, if requ ired, scanned 
densitometrically using a L K B  ultroscan with laser 
beam. 

A: 6 

B :  

Fig. 2 Electrophoresis of spawn jelly proteins. 

R ESU LTS 

Examples of spawn jelly protein separa t ions are 
shown in Fig. 2. Al l  B. calamita samples showed strong 
bands at or about M r  35 ,500 (band A on figure) whereas 
B. bufo spawn always showed a band of h igher 
mobil i ty (Mr  around 30 ,000 posit ion B) . These were 
the strongest bands visible in the jel ly extracts, and 
could be seen easily even in old spawn at  the point of 
hatch ( i . e .  up to 1 4  days after deposit ion) although 
there was evidence of substant ial  degradation at these 
later t imes. The d ist inction was highly rel iable, with 
s imi lar patterns evident in spawn samples from 

7 8 

' . 

10 1 1  1 2  

-A 
-B 

A :  Samples from Hampshire populations on a 10% acrylamide gel. Lanes: I ,  1 2  = molecular weight markers; 2-Rana temporaria; 
3-4 = fresh la id B. bufo spawn; 5 ,  6 = fresh la id B. calamita spawn; 7, 8 = B. bufo spawn at point of hatch; 9, 1 0 ,  1 1  = B. calamita 
spawn at point of hatch. 

B :  Samples from Cumbria populations on 1 2% gel. Lanes: I, 2 = fresh B. bufo spawn; 3 , 4  = fresh B. calamita spawn; 5 ,  6 = hatching 
B. bufo spawn; 7 ,  8 = hatching B. calamita spawn. 
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+ 
Fig. 3 Electrophoresis of small tadpole proteins .  

A: Electrophoretogram (7.5% gel). Lanes: I ,  8 = Molecular weight markers; 2 .  3 .  4 = B. lm(o larvae ( 2  from Hampshire, I from 
Cumbria); 5, 6, 7 = B. calamita larvae ( 1 from Hampshire, 2 from Cumbria). 

B:  Scans of lanes 4 ( above) and 5 (below). 

B 

A 

2 3 

+ 

Fig. 4 Electrophoresis of large tadpole tai lfin p roteins. 

A: Electrophoretogram ( 1 2% gel) .  Lanes: I ,  8 = Molecular weight markers (different from those used in  Figs. 2 and 3); 
2 ,  3 = B. ca/amita tail fins; 4, 5 = B. bufo tail fins; 6 ,  7 = R. temporaria tai lfins. In each case one specimen was from Hampsh ire and 
the other from Cumbria. 

B:  Scans of lanes 4 (above) and 3 (below). 
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northern and s o u t hern E n g l a n d .  Spawn j e l l y  from a 
more dis tant ly  related a n u ra n .  Rana 1e111poraria ( la n e  2) 
was qu ite different and sh owed a m o re complex 
banding pattern than t h e  bufo n id materi a l .  

T o t a l  pro t e i n  pat terns fro m t h ree B .  bufo a nd t h ree 
B. cala111i1a s m a l l  t a d po l es arc shown in F i.g . 3A .  A ga i n  
t h e  p a t t erns were genera l l y  reproducib le �  t h ough- t he 
rel a t ive i n t e n s i t i es of t h e  h i o h  molec u l a r  wc i o h t  
p ro t e i n s  (90 .000- 1 20.000) a n d  �o m c  very s m a l l  o�es 
v a ried subst a n t i a l l v  bet ween tadpole  ext racts.  O f  
grea t est  value was t h e  region V. i n  w h i c h  4 bands a .  b.  c 
a n d  cl were a l ways clearly d iscern i b le i n  B. bufo 
wh e reas b a n d  c were i nd is t i nct  or a bsen t i n  ;i l l  
B .  calamiw s a m ples.  The presence or absence o f  s t ro n g  
b a n d  c bands (M rs 53 .000 and 49.000).  rel a t ive t o  a 
and d .  was a p p a r e n t l y  d i agnost ic ;  d i fferences i n  t h i s  
part of the gel were confi r med by dens i t o m et e r  t racing 
( Fig . 38) .  

Tailfin proteins from larger tadpoles of t·he two 
species were different again ( Fig. 4A). The most 
rel iable area of comparison, V,  indicated that band a 
(Mr 62 ,000) was a lways strong in B. bufo but weak in 
B. ca/amiw; and in region b, B. ca/amila showed a 
doublet (Mrs 5 7 ,000 and 58 ,000) whereas B. bufo had 
just a s inglet of 57 ,000. Region X was often di fferent, 
with a dense band of estimated Mr around 7,000 in 
B. bufo and l i t t le or noth ing in B. ca/amila, bu t 
comparison of larger numbers of samples ind icated 
that this difference was less reliable than impl ied by the 
part icular examples shown here. Tail fin samples from 
Rana temporaria larvae ( lanes 6 and 7) were once again 
more different from the bufonids than the bufonids 
were from each other. Region V differences were 
total ly  conserved; these are highlighted by a 
densitometer trace ( Fig. 48) .  

DISCUSSION 

Bufo bufo and Bufo calami/rfJ probably diver
.
ged·from 

a common ancestor at least I 5 mill ion years ago ( Blair, 
1 97 I ;  Beebee, 1 983) .  Nevertheless, their early develop
mental stages remain difficult to dist inguish on 
morphological grounds and this poses considerable 
problems for ecological and other studies where the 
two species are sympatric. S imilar difficulties arise 
with other species (e.g. among the amphibia, larvae of 
the newts Triturus vulgaris and T. helveticus), and it 
seems that molecular techniques will be increasingly 
useful to population studies where identification of 
large numbers of larvae is essential .  It has already been 
shown that eggs of European newts (genus Triturus) 
can be identified by soluble protein e lectrophoreto
grams (Veith ,  1 987).  

The electrophoretic fingerprinting approach 
described here is reasonably quick, simple, inexpensive 
and precise. It is easy to collect ! ml spawn jel ly 
samples, or individual small tadpoles, for later 
analysis; even tailfin sections can be taken in less than a 
minute .  The whole e lectrophoretic analysis, from the 
start of lyophil isation (only  necessary with spawn, 

wh ere p ro t e i n  is t oo d i l u t e  t o  ru n d i rect lv)  t o  
dest a i n i ng. t a kes l ess t h a n  36 h o u r s  a n d  l a rge n u � bers 
o f  s a m p les ( a t  l c a ' 1  1 2  per gel )  can be p ro cessed 
s i 111 u l t a neou,; l �1 •  I de n t i fi ca t i o n  can be by i n s pect i o n :  
p h ot ographv or sca n n i n g  is o n l y  req u i red i i' a 
per m a n e n t  record i,; needed . T h e  chemic; t ls  � ire a l l  
c h e a p  a n d  t h e  necessa ry a p paratus present i n  most 
reaso na blv-eq u i ppcd laboratories.  I n  t h e  n rn l t i p l c  
s a m p l es s t u d i ed so fo r.  a l l  or k n o w n  paren t a ge .  not  a 
s ingle a m bigu i t y  has a risen w i t h  respect to ident i fica t i o n  
a fter  c c-; a m i n a t i o n  of tens of s pec i mens a nd t he 
d i fferen ces seem wel l conserved between p o p u l a t i o n s  
h u n d reds o f  k i lo m e t res a part . S o m e  b a n d s .  h owever. 
were m o re erra t i c  i n  i n tens i ty  between i n d i v i d u a ls t h a n  
ot hers a n d  t hese were excl uded from u s e  in 
i de n t i fi c a t i o n .  T h e  reaso ns for t h  i s  varia b i l i t y  were not 
clear but I sus pect reflect d i fferent prot e in  sol u b i l is a t i o n  
effic iencies rat h e r  t h a n  rea l  d i ffe ren ces bet ween 
individuals: the variation was usual ly greatest with the 
h igh Mr proteins,  which may be l ess soluble or more 
prone to aggregation ( thus not entering the gel 
properly) .  As a genera l  rule it would seem wise to 
include reference samples of known parentage in such 
ana lyses when samples from the field are under study. 
Final ly ,  much of the work can be clone non
dest ructively; tak ing spawn jel ly does not damage 
embryos, and tai lfin clipping leaves viable tadpoles 
capable of virtually normal swimming. Only small 
tadpole identification involves mortal ity, but th is  is at 
a stage where abundance is usually so high that small
scale  sampling will have negligible effects on 
population dynamics (both toads lay more than I ,OOO 
eggs, natterjacks up to more than 7,000) .  
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ABSTRACT 

The mass, length and breadth of 572 eggs of  A /ligator mississippiensis were measured and described as a complete 
sample and as subsets of 14 clutches . Egg volume and density were calculated. A multiple regression equation was 
generated to predict init ial egg mass from egg length and breadt h. A weight coefficient (K M) was determined for 
al l igator  eggs and its value was compared both to publ ished values for avian eggs and to values for other crocodi l ian 
eggs calculated from l iterature data. The valu e  of K M in crocodil ians was higher than in avian eggs implying that the 
density of all igator eggs was much higher than the density of avian eggs. Egg volume in  al l igators was also estimated 
using the volume coefficient (Ky) for avian eggs but this was found not to be applicable. 

I NTRODUCTION 

Over the past two decades the avian egg has been 
extensively studied and many different relationships 
between various egg, and incubation, parameters have 
been established (see Rahn and Paganel l i ,  1 98 1 and 
Rahn,  Whittow and Paganel l i ,  1 985).  A llometric 
relationships are observed between egg mass and 
incubation period ( Rahn and Ar, 1 974), water vapour 
conductance of the eggshell  (Ar, Paganel l i ,  R eeves, 
Greene and Rahn,  1 974), surface area and density of  
the  egg (Paganel l i ,  Olszowka and  Ar, 1 9 74). Such 
allometric relationships have not been investigated in 
reptiles. This is surprising considering the similarity 
between avian eggs and those of many reptiles, 
particularly crocodi l ians which are the closest living 
relatives of the birds. I ndeed, egg structure in  birds and 
crocodiles is very s imilar (Romanoff, 1 967 ;  Ferguson, 
1 985 ;  M anolis, Webb and Dem psey, 1 987) but there 
have been only a few comparative studies. The 
chemical composition of crocodil ian egg yolk and 
albumen shows both s imi larities and differences to 
that of the domestic fowl (Burley, Back, Wel l ington 
and G rigg, 1 987 ,  1 988).  Eggshel l  conductance, to 
water and respiratory gases, has been found in 
crocod i l ians eggs to  be  two to five times greater than in  
avian eggs of comparable s ize  ( Packard, Taigen, 
Packard and Shuman, 1 979; Lutz, Bentley, Harrison 
and M arszalek,  1 9 80). Comparative studies of avian 
and reptil ian eggs m ay prove to be important in 
assessing  the effects of the eggshel l  on the physiology 
of the embryo and evolution of i ncubation conditions 
(Packard and Packard, 1 980). 

Despite such h igh conductances to water vapour it 
has been shown that air spaces in  crocodi lian eggs, 
although rare in nature and deleterious if large 
(Ferguson, 1 982, 1 985) ,  are common in artificially 

incubated eggs; the l oss of some water from the egg 
appears to be tolerated by the embryo (Manolis, et al. , 
1 987;  Whitehead, 1 987 ;  Deeming and Ferguson, 1 989). 
In common with avian eggs, which normally lose water 
during incubation, crocodilian eggshells are rigid and 
non-compliant which al lows the air cavities to develop, 
although in  contrast to avian eggs crocodilian eggs can 
swell under some incubation condit ions (Manolis ,  et 
al. , 1 987) .  

In  bird eggs air spaces are normal and water loss is 
essential for normal development ( Romanoff, 1 967). It 
is often useful to calcu late init ial mass of eggs after 
u nknown periods of i ncubation (Hoyt, 1 979). This can 
be done by fi l l ing the air space but this is lethal to the 
embryo (Grant, Paganel l i ,  Pettit ,  Whittow and Rahn, 
1 982). To overcome  th is problem, several authors have 
developed techniques for determining the initial mass, 
volume and density of avian eggs using l inear 
dimensions (Paganel l i ,  et al., 1 974; Hoyt, 1 979; Rahn, 
Parisi  and Paganel l i ,  1 982). No  such methods are 
available for crocodi l ian eggs but considering the 
rapid ly  developing interest in crocodil ian eggs in the 
field and the laboratory (Webb, Manolis and 
Whitehead, 1 987) such methods to determine whether 
eggs have lost water during incubation without kil l ing 
the embryo may be useful .  The aims of this study were 
( 1 )  to describe m ethods of determin ing initial m ass of 
A lligator mississippiensis eggs from their  l inear 
dimensions, (2) to calculate the volume and density of 
a lligator eggs, (3) to examine these characteristics of 
a lligator eggs from different c lutches and, ( 4) to 
compare the measurements of al l igator eggs with other 
crocodi l ian eggs and those of birds. It is hoped that 
these data wi l l  give us some indication of the variability 
in the d imensions of eggs with in  a species, between 
species of crocodil ians and between crocodi lians and 
birds. 
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MATERIALS AND METHO DS 

Eggs of A //iga1or 111ississippie11sis were col lected 
from 14 wild nests at the Rockefeller Wildl ife Refuge. 
L ou isiana, USA. All eggs were col lected 24 hours after 
laying ( as assessed by the extent of opaque banding of 
the eggs [Ferguson. 1 982.  1 985)) and were immediately 
air-freighted to Manchester, U K .  On arrival at the 
laboratory (day 3 or 4) the eggs were weighed to the 
nearest to 0.0 1 g. The eggs were placed in incubators 
(set at 30°C and 33°C) and were used in other studies 
(Deeming and Ferguson, 1 989).  The dai ly rate of water 
loss of these eggs was less than 0.0 1 g.day· 1 under 
conditions of very high humidity and irrespective of 
temperature (Deeming and Ferguson. 1 989); for the 
purposes of this study the in i t ia l  recording of egg mass 
in the laboratory was considered to be a close 
approx imation of initial egg mass ( I  EM) at  oviposition. 
During the course of the other study the maximum 
length (L) and maximum breadth (8)  of each egg were 
measured using Vernier cal ipers to the nearest 0.0 1 cm. 
Al l  eggs lost  water during incubation but only eggs 
with intact eggshells were used in this study. 

For subsequent calculations the shape of each egg 
was assumed to be a true  ell ipsoid; the maximum 
length and breadth of the egg occurs at the equator of 
the lat i tudinal and longitudinal planes. Egg volume 
(V) was calcu lated using the relat ionship: 

TT l.82 
V (cm3)  = ( I) 

6 

Init ial  egg density (g.cm-3) was calculated from the 
measured egg mass and calculated volume.  The weight 
coefficient ( K M )  has the same units as density but i t  is 
s imply a coefficient between egg mass and linear 
dimens ions and ignores the effect of egg shape ( rr/6 in 
equation I ) . K M  (g.cm-3) was determined from eggs 
measured directly, and from data presented 111 
Ferguson ( 1 985) ,  using the relationship: 

I nitial Egg Mass 
K M = 

L.82 
(2 - Hoyt ,  1 979) 

Egg volume was also calculated using the volume 
coefficient, Kv = 0.509, derived from avian eggs: 

Volume = 0.509.L.82 (2 - Hoyt,  1 979) 

Data were stored on a Prime mainframe computer 
and calculations were performed using the Minitab 
statistical package ( Ryan, Joiner and Ryan, 1 985).  
M ultiple regression techniques were used to produce 
an equation to predict init ial egg mass from l inear 
dimensions (significance levels were assessed using a 
correlation coefficient [R2] and an F-ratio statistic). 

R ESULTS 

I n  total 572 eggs of A. mississippiensis from 1 4 
clutches were weighed and measured. M ean values for 
measured physical dimensions, and calculated para
meters, of these eggs are shown in Table I .  Both egg 
l ength (L)  and breadth ( B )  were individually useful in  
predicting in it ia l  egg mass  (IEM), but multiple 
regression analysis revealed that a better prediction for 

egg mass could be ach ieved using both l inear 
dimensions in conjunction: 

! EM = l l . 6L + 29 . 7B - 1 34, R2 = 94. 8%, 

F 2 . q  1 = 5248. (4) 

x S. D. Range 

Initial egg mass (g )  72.80 6.55 54.89 - 9 1 . 52  

Egg length (cm) 7. 1 6  0 .32 6 .25 8 . 1 5  

Egg breadth (cm) 4. 1 5  0 . 1 2  3 . 83 - 4.44 

Egg volume (cm3) 64.73  5 . 79 49.00 - 80.88 

Egg density (g .cm··1) 1 . 1 25 0.024 1 .0:1 3 - 1 .298 

KM (g.cm ··1 )  0.589 0.0 1 3  0 .54 1 - 0.680 

Volume - Kv (cm·1 )  62.92 5.63 47 .64 - 78 . 6 1  

T A B L E  I :  Physical dimensions of 5 7 2  eggs of A lliga/Or 
111ississippie11sis from 1 4  clutches. I nitial egg mass. maximum 
length and maximum breadth at t he eq uator of the egg arc 
direct measurements. Egg volu me, density and the value for 
the observed weight coefficient ( K M) are calculated ( H oyt, 
1 979). Egg vol u me calculated from the observed volume 
coefficient for avian eggs ( Volu me-Ky ,  H oyt, 1 979) is 
included. 

There was a wide variation in init ia l  egg mass in the 
eggs sampled; the range of nearly 37g in the sample 
(Table 1 )  was reflected by a range of 20g difference in 
mean egg mass between clutches (F ig. I ) . There was 
greater variation in egg length within the sample and 
between individual clutches than was observed for egg 
breadth ( Fig. 1 ). General ly, both egg l ength and 
breadth increased with increasing egg mass although 
breadth was better correlated with egg mass for each 
clutch ( Fig. I ) . 

Egg volume was closely correlated with initial egg 
mass ( F ig. 2). There was a range of dens it ies within the 
sample (Table I ), but there was no correlation with 
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Fig. I The relat ionship between mass and length (closed 
symbols) and breadth (open symbols) of eggs of A lligator 
mississippiensis from 1 4  different clutches. Values are means 
± S .D .  and lines are fitted by eye. 
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init ial egg mass between clutches. The coefficient of 
variation (Hoyt , 1 979) around the mean value for KM 
in the sample of eggs was only 2 .2%. Egg volume, 
calculated using the mean K v for avian eggs 
underest imated the values for egg volume calculated 
from egg shape (Table 1 ) .  
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Fig. 2 The relationship between egg mass and volume for 
al l igator eggs from 1 4  clutches. Values are means ± S .D .  and 
lines are fitted by eye. 

DISCUSSION 

Egg s ize varies between female alligators; each 
clutch has different characteristics. Some clutches 
show a large variat ion in egg dimensions, others do 
not.  Mean egg breadth between clutches is more 
uniform than mean length which may indicate some 

Species L 

Alligator mississippiensis 7.4 

Alligator sinensis 6.8 

Caiman crocodilus crocodilus 6.5 

Caiman crocodilus yacare 6.8 

Caiman latirostris 6.6 

Paleosuchus palpebrosus 6.6 

Crocodylus johnstoni 6.6 

Crocodylus niloticus 7.5 

Crocodylus novaeguinae 7.6 

Crocodylus palustris 7.5 

Crocodylus porosus 7.7 

Osteolaemus tetraspis tetraspis 6.3 

kind of l imi tation on egg breadth by the oviduct which 
may not apply to the length of the egg. These 
differences may be related to clutch size or maternal 
age but in the present study no c lear relationships 
between cl utch size and egg mass could be found. 
Further study is required to establish the factors which 
determine the size of eggs in individual clutches. 

The in it ial  mass of avian eggs can be calcu lated 
(Hoyt, 1 979) or can be determined by fi l l ing the air 
space with water (Grant,  et al. , 1 982) .  I t  is difficult to 
repeat such a method in crocodi l ian eggs because 
formation of air spaces is not uniform: they can occur 
within the albumen, between the chorio-allantois and 
shell membrane, or between the she l l  membrane and 
the calcitic shell  (Ferguson, 1 985 ;  Whitehead, 1 987).  
The methods described in this study a l low a value for 
initial mass to be al located to a l l igator eggs from 
unknown incubation conditions. Such a technique has 
applicat ions both in the field and in the laboratory in 
assessing whether the egg has lost water during 
incubation, though it is not appl icable when the egg 
has swollen and cracked (Manolis,  et al. , 1 987 ;  G rigg, 
1987) .  Knowledge of init ial  egg mass is useful in assess
ing the amount of the albumen and yolk in the egg and in 
convert ing egg contents into hatchling. Important 
relat ionships between egg mass and the metabolic rate 
of the embryo, incubation period , water vapour 
conductance and egg surface area in birds (Rahn, et al., 
1 974; Rahn and A r, 1 974; A r, et al. , 1974; Paganel l i ,  
et al. , 1 974) may also apply in crocodil ians and other 
reptiles but further study is required.  

Values for K M  calculated for eggs of various 
crocodi l ians (data from Ferguson [ l  985]) are shown in 
Table 2 .  K M  derived from al l igator eggs in the present 
study (Table 1 )  is l ower than that derived from data 
presented by Ferguson ( 1 985) .  The reason for this  
discrepancy may l i e  wi th  the s ize and sources of the 
data.  Ferguson ( 1 985)  presents a m ean value for egg 
mass and dimensions from several sources collected 
over many years from different geographic locations 
both in relation to A lligator and other species listed in 
Table 2 .  Data for al l igator eggs in the present study are 

B !EM KM 

4.3 84 0.6 1 4  

3 .4 52 0.662 

4.0 59 0.567 

4 .2  75 0.625 

4.6 84 0.60 1 

4.2 69 0.593 

4.2 68 0.584 

4.8 1 10 0.637 

4 .3  85 0 .605 

4.6 84 0 .529 

5 . 2  1 1 3 0.543 

3 .7 52 0 .603 

TAB L E  2: Mean values for egg length (L), breadth (B) and initial mass (IEM) from a variety of crocodilians (Ferguson, 1 985).  
Observed weight coefficient is calculated from the relationship: KM == IEM/L.82 (Hoyt, 1 979). 
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from a single geographic locat ion.  supplied at the same 
t ime in the nest ing season of one part icular year. I t  is. 
therefore, l i kely that these eggs were laid by simi lar 
sized females and are more l ikely to be s im ilar to each 
other than data from other populat ions sampled at 
d i fferent t imes and in different years . 

The data from different crocodil ians show that. l ike 
birds ( H oyt. 1 979). K M  varies between species a n d  is 
not related to egg length .  breadth or mass. The values 
for KM for 1 2  species of crocodil ian (mean = 0 .597. 
range = 0 .529-0.662) are. however, higher than those 
for 26 species of bird (mean = 0 .548, ra nge = 0.527-
0 .597:  Hoyt. 1 979) and very much higher than values 
for eight species of emydid turt les ( mean = 0 .526, 
range = 0.304-0 .6 1 2 ;  ca lculated from Ewert [ 1 979]). 
Therefore, for any given set of egg dimensions, 
crocodil ian eggs are heavier, and turtle eggs are l ighter, 
than bird eggs. As KM ignores egg shape, this suggests 
that di fferences between avian and crocodi l ian eggs are 
not due to their di fferent shapes (a l l  crocodil ian eggs 
are e l l ipsoid; Ferguson, 1 985)  but due to their density. 
A l l igator eggs have a mean density ( 1 . 1 25 g.cm·') 
h igher than that for many bird eggs (mean = 1 .073,  
range = 1 .055- 1 . 1 04; Rahn, et al. , 1 982) .  The density of 
crocodilian albumen is lower than that  for avian eggs 
but crocodil ian yolk has a greater density than avian 
yolk ( Manolis,  et al. ,  1 987) .  Differences in total egg 
density between birds and crocodil ians may l ie in the 
relative densit ies of the egg contents or the density the 
eggshe l l .  The extent to which these factors contribute 
to the observed differences in egg density and KM is yet 
to be determined. 

The value of Kv for avian eggs underestimated the 
volume of crocodil ian eggs but by a constant amount 
(2cm3) .  Kv for crocodil ian eggs must ,  therefore, be 
h igher than that for bird eggs. Egg volume is greater 
for any set of l inear dimensions in crocodi l ians. The 
volume of al l igator eggs was not,  however, determined 
empi rically in  the present study, and K v cannot be 
calculated in  t h is study but may have a value of 0 .5 24 
( TT/6). 

In conclusion, differences in mass, volume and 
density occur between avian and crocodi l ian eggs. The 
al lometric relat ionsh ips between egg mass, various 
incubation parameters and shell characterist ics ( Rahn, 
et al. , 1 974; Rahn and Ar, 1 974; Ar,  et al. , 1 974; 
Paganel l i ,  et al. , 1 974) may well be present in 
crocodi l ians, turt les and squamates. However, these 
three types of repti les differ greatly in  their eggshell  
structure and incubation requirements (Packard and 
Packard, 1 980, 1 988;  Ewert, 1 985 ;  Ferguson, 1 985) and 
therefore, any attempts to derive al lomet ric relat ion
ships for rept i les as a whole (as has been accomplished 
for b irds) may mask important patterns for each type 
of reptile. 
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PALMATE NEWT PREDATION ON COMMON FROG, RANA TEMPORARIA, AND 
COMMON TOAD, BUFO BUFO, TADPOLES 

C. J. READING 

!11s1i1111e o( Terreslrial Ecology. Furzebrook Research S1a1ion. Wareham. Dorse1. BH20 5AS. UK. 

(A ccepted 5.4. 89) 

ABSTRACT 

I n  a series of laboratory experiments, male  palmate newts that  had no previous experience of anuran tadpoles as 
poten t ial prey were condit ioned for five days to small  worms, common frog tadpoles, com mon toad tadpoles or a 
50:50 m ixture offrog+toad tadpoles. During three experiments, conditioned newts were offered I )  a 50:50 m ixture 
of frog+toad t adpoles 2) only frog tadpoles or 3) only toad tadpoles .  

The results showed that  palmate newts w i th  no previous experience of e i ther frog or toad tadpoles very quickly 
learnt to distinguish between t hem and take only frog tadpoles. This was supported by the  results of a fourth 
exper iment using male palmate newts from a pond that contained both tadpole species. Common toad tadpoles 
were almost totally rejected. 

The conclusion is, that com mon frog tadpoles gain no long term protection against predation from palmate newts 
through associat ing with common toad tadpoles. 

INTRODUCTION 

Three species of  newt occur i n  Great Britain, the 
warty newt (Triturus cristatus), smooth newt 
(T. vulgaris) and palmate newt (T. helveticus). A l l  t hree 
species are voracious predators and are k nown to take 
a wide range of aquatic  invertebrates (Avery, 1 968; 
Griffiths,  1 986). In  addition, smooth newts are also 
known to take frog tadpoles (Cooke, 1 974) but, l i ke 
palmate newts, reject toad t adpoles (Cooke, 1 974; 
G riffi ths ,  1 986) w h i lst warty newts wi l l  take both frog 
and t oad tadpoles (Cooke, 1 9 74; Heusser, 1 97 1 ) .  

Unl ike frog eggs and tadpoles, t hose of toads are 
generally t hought to be unpalatable to  many potential 
predators (Licht, 1 968;  Wassersug, 1 9 7 1  ) . The 
difference in  palatabil i ty between common frog 
(Rana temporaria) and common toad (Bufo Bufo) 
tadpoles presents an interest ing question:  I n  ponds 
where both t adpole species occur together, do frog 
tadpoles gain any protection against predation by 
newts due to the  presence of toad tadpoles? 

This paper reports the  resu lts of a series of 
laboratory experiments designed t o  investigate tadpole 
predation by palmate newts. 
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METHODS 

Four experiments were carried out in  the laboratory 
under natural l ight conditions and at a temperature of  
I 3 .5- I 5 . 5°C.  to determine whether pa lmate newts 
predate common frog and common toad tadpoles. The 
experiments were also des igned to invest igate whether 
mixed tadpole populations affected newt predat ion 
rates. 

In experiments 1 -3,  male newts were obtained from a 
heat hland pond that was not used as a brced ing site by 
either common frogs or common toads. These newts 
therefore had no previous experience of frog or toad 
tadpoles as potent ial prey. Forty newts were used in 
each experiment (n = 3)  and each newt was only used 
once. In each experiment,  I 0 newts were placed in each 
of fou r  tanks conta in ing 2 litres of pond water (pH = 7) 
and condit ioned (fed) for five days on:  

Tank I - 40 frog tadpoles 
Tank 2 - 40 toad tadpoles 
Tank 3 - 20 frog tadpoles + 20 toad tadpoles 
Tank 4 - small earthworms 

Twice each day at 1 0.00hrs and 22.00hrs the nu mber 
and species of tadpoles remain ing in  each tank was 
recorded and any m issing tadpoles replaced to 
maintain a constant prey density of 40. M issing 
earthworms were also replaced to maintain a constant 
food supply. A fter five days, each set of 10 newts were 
placed in four new tanks containing I l i tre of pond 
water and deprived of food for 24 hours. 

Condit ioned newts were then each placed i n  
i ndividual tanks ( 2 8  x I 6cm) contain ing I l i tre of pond 
water (pH = 7) and 10 tadpoles of s imi lar size 
(frogx = 22.6mm; SO = 4.0 1 ;  N = 4 1 ;  range = 1 5-29mm; 
toad x = 1 8. 5mm;  SO = 1 . 5 ;  N = 30;  range = 1 6-2 1 mm).  
The number of tadpoles eaten by each newt was 
recorded each hour for 24 hours and m issing tadpoles 
were replaced to maintain a constant prey density of 
1 0/L.  In the three experiments each newt was given: 

Expt.  1 - 5 frog + 5 toad tadpoles 
Expt .  2 - 1 0  frog tadpoles 
Expt .  3 - 1 0  toad tadpoles 

I n  experiment 4, 30 male newts were obtained from a 
pond which was also used extensively by both frogs 
and toads as a breeding site.  S ince these newts were 
already conditioned to a m ixture of frog+toad 
tadpoles no further condit ion i ng was done.  All newts 
were deprived of food for 24 hours before being placed 
in i ndividual tanks and given 1 0  tadpoles as in 
experiments 1 - 3 .  

The  data were analysed using analysis of variance. 
Comparisons between the numbers of tadpoles eaten 
by n ewts under different condit ioning regimes were 
made using Chi square analysis. Means were compared 
using Student's t test. 

RESULTS 

Conditioning 

A t  the start of each condit ioning period the newts 
immediately approached and seized the prey provided 
(worm or tadpole). Worms and frog tadpoles were 

subsequent ly eaten whi lst .  with the except ion of 3 toad 
tadpoles. the toad tadpoles were released. Al though 
worms and frog tadpoles cont inued to be taken 
throughout the condit ioning periods. toad tadpoles 
were ignored after the in it ial captures. 

During the 3 x 5 day condit ioning periods. totals of 
457 frog tadpoles and 3 toad tadpoles were eaten by the 
60 newts presented with either al l  frog or a 50:50 
mixt ure of frog+toad tadpoles. The 3 toad tadpoles 
were caught and eaten during the first 12 hours of the 
condit ioning period. No tadpoles were eaten by the 
newts presented with only toad tadpoles. 

The mean number of frog tadpoles eaten by I 0 newts 
given eit her frog or frog+toad tadpoles during each 
1 2  hour period of condit ioning is shown in Fig. I .  
During the fi rst 1 2  hours of the cond it ioning period 
newts given only frog tadpoles ate sign ificant ly more 
than those given frog+toad tadpoles (t = 6 .8 1 ;  df = 4; 
p<0.0 1 ) . After the fi rst 12 hours of condit ioning the 
mean numbers of tadpoles eaten during each 
subsequent 1 2  hour period stabi l ised and were not 
s ignificantly different (X frog = 7.00; SO = 3.47; N = 27; 
range = 1 - 1 3; xfrog+toad = 6 .89;  SO = 2.55; N = 27; 
range = 2- 1 1 ; t = 0. 1 3; p>O. I 0). 
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Fig. I Mean (± SD) number of frog tadpoles eaten every 
1 2  hour by 1 0  male palmate newts given either frog (o) or 
frog+toad (•) tadpoles. 

Experiments 1-3 
In experiment 3 (toad tadpoles) only 1 toad tadpole 

was eaten and that was caught after 8 hours by a n ewt 
condit ioned to frog+toad tadpoles. 
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Al though no toad tadpoles were eaten in  
experiment l ,  some frog tadpoles were caught in 
experiments 1 and 2 and e i ther chewed and released or 
eaten and regurgitated. Three t imes as many tadpoles 
were rejected by the toad condit ioned newts given frog 
tadpoles (N = 9) than by any other combination 
(N = 2-3). Rejected tadpoles were always dead and 
were therefore d iscounted from the final analysis of 
numbers consumed. 

Conditioned Expt. I Expt. 2 Expt. J 
10 (frog+toarO (frog) (toad) 

Worms J I  1 9  0 

Frog tadpoles 23 27 0 

Frog+toad tadpoles 29 3 1  I 

Toad tadpoles J I  32 0 

TA B L E  I :  Number of frog tadpoles eaten in experiments I 
and 2 and toad tadpoles eaten in experiment 3 by Palmate 
newts conditioned to worms, frog tadpoles, frog+toad 
tadpoles and toad tadpoles . 

The total number of tadpoles eaten by each group of 
newts in  each experiment is shown in Table l .  The null  
hypot hesis in each experiment,  tested using Chi  square 
analysis, was that the  expected number of tadpoles 
eaten by each group of newts was equal. Although 
significant differences were found between newt groups 
in experiment l (overall X2 = 1 3 . 14, df = 3, p<0.0 1 ; 
Table 2), none were detected in experiment 2. Newts 
condi t ioned to either worms or toad tadpoles ate 
s ignificantly fewer tadpoles than newts condit ioned to 
either frog or frog+toad tadpoles. 

Frog Frog+Toad Toad 

Worms 4.23 * 8. 1 0  **  NS 

Frog NS 4.23 * 

Frog+ Toad 8 . 1 0  **  

TABLE 2 :  Chi square ( J df) values for comparisons between 
the numbers of frog tadpoles eaten by Palmate newts 
condit ioned to worms, frog t adpoles, frog+toad tadpoles 
and toad tadpoles and given a 50:50 mixture of frog+toad 
tadpoles (expt. l). p<0.05(*); p<O.O l ( * *); NS = Not 
significant. Overal l  X2 = 1 3 . 1 4, df = 3,  p<O.O 1 .  

The mean total body lengths (BL = head+body+tail) ,  
excluding the tai l  filament ,  of newts used i n  
exper iments 1 a n d  2 were compared t o  determine 
whether differences i n  newt feeding rates between 
experiments m ight have been the result  of differences 
in newt body size. The two means were not s iginificantly 
d ifferent (p>0.05) and no s ignificant correlation was 
fou n d  between n.ewt body size and the  number of 
tadpoles eaten. 

Ex pt. 1 : x = 62. l Omm; SO = 3. 30; N = 40; range = 53-69mm 

Expt .  2 : x = 60. 72mm; SO = 3.66; N = 40; range = 5 l -68mm 

Experiment 4 
The results o f  experiments 1 and 2 show that  

palmate newts t hat  have never encountered anuran 

tadpoles can learn, over a very short period, to 
distinguish between frog and toad tadpoles. The newts 
used in th is  experiment were from a pond which was 
also a t raditional breeding s i te  for both frogs and 
toads. S ince they had been exposed to tadpoles of both 
species for at least two months before they were caught 
it  was assumed that they were able to dist inguish 
between them. Therefore, the null hypothesis for this 
experiment was that the numbers of tadpoles eaten by 
newts offered either frog or frog+toad tadpoles would 
be equal. The mean nu mbers of frog tadpoles eaten by 
newts given frog tadpoles or frog+toad tadpoles were 
4.6 (SO = 1 .26, N = 1 0) and 3 .2  (SO = 1 . 75 ,  N = 1 0) 
respect ively. No  significant d ifference (X2 = 2. 5 1 ;  
df= 1 )  was found between these two means. As in 
experiments l and 2 ,  no toad tadpoles were taken. 

D I SCUSSION 

Evidence for learning came in it ially from observ ing 
the behaviour of the  newts when they were first 
presented with tadpoles at the start oft he condit ion ing 
period. Tadpoles, irrespect ive of species or mix, were 
immediately seized and then e i ther eaten, in  the case of 
frog tadpoles, or released, in the case of toad tadpoles. 
After these ini t ial encounters only frog tadpoles 
cont inued to be caught. This implied l )  that all 
tadpoles were ini t ially recognised as potential prey and 
2) that frog tadpoles were palatable whilst toad 
tadpoles were not. 

Subsequently, the evidence from experiment 1 
showed that newts condit ioned to a mixture of 
frog+toad tadpoles ate more frog tadpoles than 
expected compared with newts condit ioned to either 
worms or toad tadpoles. Furthermore, toad 
condit ioned newts, that had learnt to avoid tadpoles, 
and worm conditioned newts, that had no prior 
experience of tadpoles, both ate fewer tadpoles than 
expected compared with frog condit ioned newts. 

The results of  comparing the  number of tadpoles 
eaten  i n  experiment I by the  frog condit ioned and toad 
condi t ioned newts were i nteresti ng. Al though the null 
hypothesis tested was t hat the number of tadpoles 
eaten by each grou p  of newts should have been equal i t  
might h ave been expected that the  toad condit ioned 
newts, that had been effect ively deprived of food for six 
days, would have eaten at least as many tadpoles as the 
frog condit ioned newts and perhaps more, rat her than 
fewer, as observed. The difference between the two 
groups of newts was t hat the frog conditioned newts 
recognised all t adpoles as palatable whilst the reverse 
was true  for the  toad condit ioned newts. Despite the  
toad conditioned newts being clearly hungry as 
demonstrated i n  experiment 2 they nevertheless largely 
ignored the  palatable frog tadpoles. As a resu l t  of their 
condit ioning, t hese newts had t o  overcome an aversion 
to t adpoles and learn to  recognise frog t adpoles as 
palatable whi ls t  the frog condit ioned newts had no 
such aversion and only had to  l earn to  recognise toad 
tadpoles as unpalat able. Furthermore, the  toad 
condi t ioned newts aversion to t adpoles would also 
have been reinforced each t ime  a toad t adpole was 
encountered. 
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Four clear conclusions can be drawn from the three 
five day conditioning periods and four one day 
experiments; I )  pal mate newts readily catch and eat 
frog tadpoles, 2) palmate newts almost totally reject 
toad tadpoles, 3) recogn ition of distasteful prey by 
palmate newts is not innate but learnt and 4) because 
palmate newts can learn to distinguish between 
palatable and unpalatable prey, frog tadpoles ga in no 
long term (only short term) protection against newt 
predation through mixing with toad tadpoles. 
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THE POLYMORPHISM OF PODAR CIS PITYUSENSIS AND ITS ADAPTATIVE 
EVOLUTION IN MEDITERRANEAN ISLES 

ANTONIA M .  CIRER AND JUAN-PABLO MARTINEZ-RICA 

lnstituto Pirenaico de Ecologfa. P. 0. Box 64, 22700 .laca. Hues ea. Spain. 

(A ccepted 12. 4.89) 

A BSTRACT 

The variation in morphological and colouring features shown by the insu lar lacertid  populat ions of Podarcis 
pityusensis is d iscussed from the point of view of their adaptive advantages to specific insular ecosystems. Insularity 
factors ,  i .e. area and island-age, have been found to be related t.o average body size, and the average luminosity of 
each population. Populations tend to show a size increase ,  a greater morphological homogeneity and darker dorsal 
colouring on smaller and older islands. The advantages of larger size and melanism are discussed as well as their 
possible causes in the insular microecosystems of  the Pityusic Archipelago. G enetic drift seems to play a secondary 
role, whereas a posit ive selection in favour of melanism and giant ism is observed. Both features are not l inked as 
cause and effect, but seem to share a common cause: isolation and time enough to al low selection to take p lace. 
Predat ion, though sl ight in degree, does exist, and seems to be one of the selective pressures favouring melanism, 
together with the parallel trend towards an increase in  body size and the need to an effect ive thermoregulation 
during the early hours of the day. 

INTRODUCTION 

The great morphological variety, number of dorsal 
scales and body colouring shown by insular lacertids 
has often been analysed exclusively using taxonomical 
criteria, without considering the adaptative significance 
that  could l i e  behind these variations in most of the 
avai lable reports. I t  has  even been stated that some 

body size defining features (giantism and dwarfism in 
insular populations) or the number of dorsal scales 
showed a neutral selection (Radovanovic, 1 954). 

However, most authors nowadays accept that 
animal features are variable to a greater or lesser 
degree depending on their  adaptative value. The 
adequate condit ions for l ife in  a specific environment 
must n ecessarily change if that environment changes. 
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Fig. I The Pityusic A rchipelago. 

Accordingly, the conditions particularly · involved in 
the relationship  of the l iv ing being with its 
environment are those endowed with a greater 
evolutionary plasticity. These features are associated 
with ectodermic organs, such as the skin,  sensorial 
organs,  etc. Functions related to i nteraction with the 
environment, except for cases where their  stability is  
essential for the survival of the ind ividual or species, 
are therefore very p lastic. When very similar forms are 
being studied, i .e .  subspecies or close varieties, the 
most important features are these being shaped at that 
precise moment by a known environment,  whose 
ecological impl ications can be studied. These are 
relevant in terms of  population genetics and ecology. 

After exhaust ive studies for taxonomic purposes 
(Cirer, 1 987), which have provided a deep k nowledge 
of all Podarcis p ityusensis populations and their 
intrapopulational variabil ity, t h is review is presented 
with the aim of establishing some of the general 
patterns of morphological variation, between both 
sexes as well as among the different populations of the 
species. These patterns are probably due to adaptation 
to insular environments. 

S i a .  E u l a l i a  

R • N e g r a L l e v a n t 
• a t e s 

. ' M a l Y i  N o r d  
M a l � i  S u r  
S a l  R o s s a  

This lacertid appears all over the Pityusic 
archipelago, south of  the Balearic Islands, in the 
Spanish Mediterranean Sea (Fig. I), comprising the 
Island of Ibiza and Formentera southwards (the only 
islands permanently inhabited by human beings}, and 
a considerable number of islets varying greatly i n  area, 
height and distance from the biggest nearby island 
(Ibiza). A l l  are located on a continental shelf not more 
than 80 metres deep and, accordi ngly, when the sea 
receded in the Quaternary glaciat ions formed a s ingle 
p iece of  emerged land. 
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Not a l l  biomet ric and scale number variables used in 
the foregoing taxonomic studies seem to be relevant to 
biogeographical studies; therefore. a smal l  number of 
variables has been selected to avoid the 'background 
noise' caused by an excess of information. The features 
taken into acCOlll1t are mainly those related to general 
body shape and colouring, since they play a more 
relevant role in interact ions with the environment and 
with other individuals - conspecific or not . The 
changing of these traits has been studied part icu larly in 
insular repti le populations, in which the  adaptative 
significance of features such a giantism, dwarfism, 
melanism and other hypertel ic trends have been 
analysed (Sacch i, 1 96 1  ) .  

DWARFISM A N D  G ! A NTISM A N D  ISLANDS 
Both phenomena are clearly present in al l  the fauna 

living in small is les worldwide; among the rept iles, 
t here are such classic examples as the giant turt les from 
the I ndian Ocean Archipelagos, the giant monitors in 
Komodo, etc. Insular dwarfism has been registered 
more frequently among mammals and invertebrates , 
but there are also examples among reptiles. 

I n  the Balearic I s lands there are good examples of 
dwarfism, (terrestrial Gasteropoda) and giantism 
(tenebrionid Coleoptera). Balearic l izards, like the 
ones in all other Mediterranean islands present no 
remarkable examples of giantism or dwarfism, but 
they do show a trend towards increased body size when 
compared to s imi lar continental populations or, more 
rarely, towards a decrease in body size. The average 
snout-vent length in Podarcis pityusensis popu lations is 
between 62 and 82.6mm for males, and between 54. 8 
and 72.4mm for the females. Whereas the cont inental 
populations of Podarcis hispanica measure between 
52 .0 and 58 .2mm for males, and 49 . 7  and 5 5 .5mm for 
females.  And in  P. muralis populations males are 
between 56.9 and 59.4mm and females 57 .9  to 6 1  mm.  
There i s  no doubt about the  fact that P. pityusensis is 
bigger as a species than its continental congeners. The 
trend towards increased body size in insular l izard 
populations is clear in other Spanish localit ies 
(Columbretes I s lands, islets of the Cantabric Coast, 
etc. ) .  

In  the major Balearic islands ( the  G imnesians), 
P. lilfordi, .the species nearest to P. pityusensis, is 
smaller, at least in some populations. However, its 
average size is also greater than that of the continental 
l izards. 

Selection leading to large insular forms has been 
explained through different mechanisms, ranging from 
polyplodia to the role of is lands as reducts. I n  the case 
of the Balearic I slands, the most plausible explanation 
is based on a reduction of predatory pressure, a 
shortage of food resources and an increase i n  
i ntraspecific competitivity. This situation is considered 
in the Case ( 1 978)  model, which seems to fit the data 
extremely well in our example. 

INSULAR MELANISM 
The evolut ion of melanism considers different 

evolutive models presently included in the field of 
insular biogeography. Thes models are based on the 
fol lowing causal hypotheses: 

I .  Mimicrr. Evolut ion wou ld work mainly on 
epidermic colouring features. which would be affected 
by a selection favouring cryptic colou rings. The 
disadvantage of this hypothesis is that it cannot eas ily 
explain the t rend towards melanism shown by many 
populations. In some other cases. i t  is not possible to 
see clearly which selective agent i s  involved. 

2. Vege1aria11is111 .  Some authors (Eisentraut, 1949) 
have explained the trend towards melanism shown by 
many insular populat ions as a food adaptation to 
vegetarianism caused by an insect shortage in the islets. 
In that case the melanism would be a side effect of 
metabolic processes which would be the real aim of the 
select ion. The main argument against this hypot hesis is 
epidermic tinge diversity in populat ions with s imi lar 
diets. 

3 .  Climate. Other authors consider melanism to be a 
consequence of cl imatic factors and, more specifically, 
of an adaptation to the high sunshine levels that 
apparently occur in many islets. This hypothesis does 
not explain the diversity of t inges observed in 
populations located near each other and submitted to 
similar climatic conditions. 

4. Randomness. This hypothesis is applied not only 
to melan ism but also to all the typical features of 
insular populations. The evolution of such features 
would be determined by genetic drift ,  act ing on very 
reduced populations with its genetic basis being 
l imited due to the founder effect. This hypothesis has 
many supporters who have formulated it with varying 
nuances. 

Insularity is considered by most authors as being a 
direct function of the distance from the continent and 
an inverse function of the logari thm of the area of the 
island (Soule ,  1 966; McArthur and Wi lson, 1 967;  
C lover, 1 975) .  The area or its logarithm are also good 
indicators of the ecological" diversity of an island. 
Distance does not appear to be a good indicator of 
insularity in the case of the Pityusic archipelago 
because of the features of its continental shelf. There 
are very close islands but with deep channels between 
them, and vice versa, remote islands with shallow 
water between; al l  islets made part of a s ingle p iece of 
emerged land unti l  the end of the Wurm glaciation. 

The factor which seems best to define the isolation is 
the age of separation from the main island ( Ibiza) 
(Cirer, 1 982, 1 987).  Unfortunately this factor cannot 
be known with precision since we lack the geological 
s tudies of  the area which would allow us  to quantify it, 
but the separation of the Pityusic massif into the 
present diverse islets has its origin in the sea level 
changes occurring during the Wurm. Therefore, the 
l evel of depth between each isle and the Island oflbiza 
is an indirect index quite close to their age. 

MATERIALS AND M ETHODS 

Two analyses of P. pityusensis individuals were 
made according to morphometric and colouring 
variables. The first group of variables was analysed in 
the 41 current insular populations (Table 1 ) . The 
available sample for colouring analysis could  not be 
analysed as widely and the test covers only 1 7  of t hese 
populations. 



468 ANTONIA M. CIRER AND JUAN-PABLO MARTINEZ-RICA 

Data of  Studied Populat ions of  Podarcis pi1yusensis 

Locali1y 

Eivissa 
Formentera 
Pta. Trucadors 
Rodona I l letes 
Espalmador 
Gastabi 
Alga 
Torretes 
Pou 
Penjats 
Caragoler 
Espardel l  
Sal  Rossa 
Purroig 
Negra L levant 
Negra N ord 
Rates 
Malvi N ord 
Malvi Sud 
Rodona Sta. Eulalia 
Grossa Sta. Eulalia 
Margalida 
Es Canar 
Tagomago 
Hort 
Mesquida 
Canaret 
Cal des 
Murada 
Cala Salada 
Bleda na Plana 
Escull Vermell 
Bleda na Bose 
Bleda na Gorra 
Conillera 
Bose de Conillera 
Espartar 
Escull d'Espartar 
Frare 
Vedra 
Vedranel l  

N. Mai 

39 
49 
1 2  
3 

1 5  
1 6  
7 

20 
33 
30 
1 2  
23 
4 

26 
3 

1 3  
1 3  
1 2  
I I  
1 4  
23 

2 
22 
23 
14  
10  
6 

24 
26 
1 6  
2 1  

9 
I I  
1 9  
23 
1 5  
36 

7 
1 8  
29 
1 5  

N. Fem 

5 1  
4 1  
1 3  
8 

1 2  
6 
3 

1 7  
22 
22 

5 
32 
6 
1 
3 

1 7  
1 3  
1 3  
I I  
14  
23  
1 8  
1 0  
35 
1 6  
6 
5 

1 3  
36 

8 
34 

7 
14  
15  
26 
1 0  
2 1  
lO  
1 8  
26 
1 3  

BI. Mai 

64. 7  
73.6 
64.4 
7 1 .6 
74. 8  
67.5 
72. 7 
67.2 
74.9 
76.5 
64.6 
77 .6 
7 1 .0 
69.0 
75.8 
76.6 
79.6 
79.4 
79.4 
82.0 
76. 7 
72.0 
78 .  l 
77.6 
72.6 
73.9 
62. 1  
68 .8 
74.0 
73.0 
82.6 
75 .7  
84.5 
83 .2 
75. 1 
68.6 
77.6 
79.6 
75.2 
76.4 
78 .3 

BI. Fem 0111111. Mai Dilan. Fem 

55 . l 
63 .3 
56.7 
63.8 
64.0 
6 1 .8 
64.3 
56.7 
64.3  
66.5 
60. 7  
65.9 
60.7 
64.2 
58.0 
66.5 
68.0 
70.4 
70.0 
72.5 
70.0 
65.9 
68.5 
65.0 
66.9 
68.8 
58 .2 
60. 8 
65.2 
56.7 
69. 1  
69.3 
73. 1 
72 .8 
65.5 
62.9 
68.8 
69.5 
64.7 
65.5 
66.5 

44.06 
34.33 
42.07 

37.56 
40. 14  
38.80 
39.63 

38 .07 

32.57 

38.34 

30. 1 6  

33. 1 4  

27.96 
32.56 

42. 1 7  
35 .48 
45.42 

37 . 75 
3 1 .87 

39.07 
39.38 
35 . 1 6  

40. 33  

39.23 

40. 3 1  
24.89 

33 .52 

34.76 

30.38 
33.62 

A rca 

239.2 
9 1 . 1  

3 .6 
0.7 

1 1 .8 
1 .2 
I .  1 
2 .6 
1 . 3  
3.0 
0.8 
7.5 
0.7 
0.8 
0.7 
1 . 5 
1 .0 
0.9 
0.8 
0.7 
2.0 
1 .0 
0.8 
7.7 
0.8 
0.4 
0.4 
1 . 5 
1 . 2  
0.9 
1 . 8 
0.3 
1 .9 
1 .4 
9.9 
3 .8 
4.3 -
0.3 
0.9 
7 .8 
3 .4 

Age 

0.0 
8 . 1 
8 . 1 
8 . 1  
8 . 1  
8 . 1 
8 . 1 
8 . 1 
8 . 1 
8 . 1 
7 . 8  
9 .2  
7.0 
7.0 
7.8 
8 . 1  
7 .0 
9.0 
9.0 
8.5 
8 . 8  

1 0.8  
8 .5  
9 .5  
7 . 8  
7 . 8  
7 .0  
7 .0  
9 .5  
7 .8  

1 2 .6 
1 2 .6 
1 2 .6 
1 2 .6 
7.8 
7.8 
9.5 
9.5 
9 .5  

1 0. 8  
I0 .8  

TABLE I :  N .  Mai .  = Sample s ize  of males;  N.  Fem = Sample s ize of females; BI .  Mai .  = Length snout-vent i n  males; 
BI .  Fem. = Same for females;  Dlum.  Mai . = Back luminosity in males; Dlum.  Fem. = The same for females;  A rea = Square root 
of is land surface in hectares (km2 x 1 00); Log. Age = Logarithm of est i mated separat ion t i me from the main  [ I O  x (log A - 3)]. 

For the morphometric analysis the following 
measurements and counts were considereeJon each 
specimen:  

- BL.  Body length. This  variable is  a good 
indicator of size and shape, according to the  result of 
previous factor analysis (Cirer, 1 987).  

- HW. Head width. 

- PL. Pileus length .  
- PW. Maximum Pileus width.  

- LH.  Length of the hindleg. 
- W. Weight. 

- DTS. The number of dorsal transversal scales. 

- DLS. The n umber of dorsal longitudinal  scales. 
-· L.  The number of lamellae of the fourth h indleg 

toe. 

- FP. The total number of femoral pore�. 

A t-student test for each variable was applied to the 
original data matrix obtained to determine the degree 
of sexual dimorph ism in this species. 

Moreover, the average coefficient of variation 
(ACV) has been calculated for each population. This 
coefficient  shows us the degree of i ntrapopulation 
variabi l i ty .  The coefficient used by Soule ( 1972) has 
been chosen, because it  seems to  be adapted for 
comparing closely related species or populations. 

ACV = 

p 
l Vi 

i = 1 

p 
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Where V; is the coefficient of variation (S ;  * I 00 I x ; .  
x ;  be ing the mean of the ith character) and p is the 
number of variables used. in our case p = 1 0 . 

Study of  the evolut i v e variation of pigmentat ion in 
rept i les is st i l l  hindered by the  difficulty in quant ifying 
melanism.  This problem has been solved by measuring 
average luminousit ies on l ive individuals .  using a 
reflexion colour imeter in accordance with the  method 
described in Cirer and Martinez-R ica ( 1 986) .  Measure
ment of only one colour variable (dorsal luminosity) 
has been taken into account for th is study, s ince it 
appears to be a good index of melanism. The 
populations studied, with their respect ive sample s ize 
are l isted in Table I .  

A more detailed analysis of the relationsh ip  between 
certain variables and the main defi ll ing factors of the 
insular characterist ics of each population was carried 
out.  For this pu rpose body length and dorsal 
luminousity were chosen as dependent variables, 
supposing them to be directly influenced by evolutive 
trends towards insular giantism or melanism; the 
square root of the island area (because of the need to 
l inearise a quadrat ic variable) and the logari thm of the 
est imated age of the separation of the is lets from the 
is land of I biza have been taken as independent 
variables. Each of the variables has been separately 
related to every factor, independently for males and 
females, to  e l iminate effects of sexual d imorph ism. 
Separate mult iple regression analyses have also been 
carried out ,  in wh ich each dependent variable has 
s imultaneously been related to both above-ment ioned 
factors, so as to estimate the relat ive contribution of 
each of them to the joint regression. 

RESULTS 

Sexual dimporphism. Sexual d imorphism has been 
observed in each population and in the species as a 
whole. The difference between population means of 
males and females is highly significant in a l l  cases in the 
variables determining size and shape (BL ,  HW, PL,  
PW, LH and W) .  The population means of scale 
number variables are not significantly d ifferent 
between males and females in  most cases, though the 
number of dorsal transversal scales (DTS) is 
s ignificantly different for most of the populations. 
H owever, a l l  the scale variables show significative 
differences for the total of individuals belonging to the 
species. 

Females are considerably smaller and less robust 
than m al es al though they have a s imi lar number of 
dorsal scales, which means that t here could exist a 
difference in scale size. To prove th is assum pt ion a test 
with the resultant variables of quotients B L/DLS, 
W /DLS,  B L/DTS and W /DTS was carried out, 
producing highly significative results in a l l  populations 
showing that males have bigger dorsal scales than 
females, t hough s imilar in  number. 

The results allow us to state that Podarcis pityusensis 
shows a h igh degree of sexual dimorphism in shape and 
s ize,  a sl ight or non-exist ing variation for the number 
of scales in  some populations and very noticeable 
variation in dorsal scale size. 

I ntrapopu lat ion variabil ity . The average coefficient of 
variat ion al lows an est imation of the degn:e of 
po lymorphism shown by the popu lat ion. This rate has 
been related to insularity factors: the area and age of 
the i s le  were bot h found to be significant. Area was 
found to be posit ively significant and age 

·
negatively 

significant .  The area of the isle is an ind irect index of its 
ecological d ivers i ty .  therefore small  isles should have 
fewer different microhabitats available to lacert ids. 
which would mean that fewer different l ines of 
adaptation exist and th is would result 1n a 
homogenisation of the populations. Inversely,  in 
bigger islands. which are usually more diverse, species 
can respond with different morphologies whose 
viabil i ty depends on the di fferent environments.  On 
the other hand, H espenhide ( 1 97 3 )  points out that 
l iving beings having a greater variation in their 
a l imentary habits show a greater polymorphism.  
Accord ingly .  in our case it can be expected that 
polymorphism increases in bigger is les where diet is 
bound to be more diverse; in contrast, ecologically 
more homogeneous islands, with a smaller d iversity of 
potential  prey wi l l ,  keep popu lat ion adpated to the 
isle's specific conditions, with narrower variabil i ty 
margins, and extreme individuals which have not 
developed optimal phenetic characteristics for their 
viabil i ty in that specific insular ecosystem wil l  be 
el iminated. 

We should also expect a greater morphological 
uni formity in those populations where evolut ion has 
acted over a longer period of t ime to adapt phenetic 
traits to an insular environment. Thus, smal ler and/or 
older islands have more homogeneous populat ions 
because evolution, lack of population elements and 
environmental uniformity cause a decrease m 
polymorphism . 

Trend towards giantism and melanism. We have t ried to 
classify the relat ionship l ink ing insular area and 
isolation t ime . with the average size of a l l  the 
populations of Podarcis pityusensis so as to find out 
which evolution model best fits our data. These are 
l isted in Table I .  Obviously, the  separation and 
assembly process of the isles has been recurrent ,  with 
variations in sea level accompanying glacial periods. 

The si mple regression analysis in  Table 2 shows the 
ex istence of a clear relationsh ip between the giant ism 
index variable (BL) and melanism (dorsal luminousity) 
with the factors characterising i nsular environment . 
S ize in males and females shows a strong posit ive 
relat ionsh ip  with the isle's separation age, as if the 
t rend towards giantism could be shown more clearly 
because selection has been working for a longer t ime. 
Dorsal l uminosity (natural ly inverse to the degree of 
melanism) also shows a clear negative correlation with 
the isle's age in male specimens, while the correlation 
a lmost reaches a s ignificative level in  female specimens 
(94 per cent). With regard to this  point, i t  should be 
pointed out that the number of populations whose 
averages of luminosity we know of is much lower than 
that which provided s ize measurements, and the  
relat ionsh ip would probably be  s ignificant i f  we had 
been able to study each population in  the same way.  I t  
seems evident that both melanism and s ize are features 
depending part ia l ly on the age of the isle and, i n  
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y x z Eq11r11io11 Corr. Coe{ Sign if 

(a) Simple regressions: 

BI. Mai. Area Y = -0.037X + 74.74 -0.272 9 1 % 
BI .  Fem. Area y = -0.04 1 x + 65.48 -0.349 97% 
BI .  Mai. Age Y =  l . 588X + 60.65 0.620 >99.9% 
BI. Fem. Age Y =  l . 384X + 53. 1 0.629 >99.9% 
Dlum. Mai .  Area Y =  0 .029X + 35. 6 1  0.4 1 2  83% 
Dlum. Fem. Area Y =  0.023X + 35.9 1 0. 282 70Cff 
Dlum. Mai .  Age Y = - I .  l 8X + 46. 1 1  -0.698 99.4';( 
Dlum. Fem. Age Y = -0.935X + 44.22 -0.48 1 940( 

(b) Three variable regression: 

BI .  Mai .  Age Area Y =  l .90X + 0.027Z + 57.63 0.6 14  73% (Z )  
>99.917r ( X ) 

BI .  Fem. Age Area Y =  l .49X + 0.009Z + 52.05 0.607 37% (Z)  
>99.9';( (X)  

Dlum. Mai .  Age Area Y = - 1 .  90X - 0.036Z + 52. 94 0. 703 8317r (Z)  
99.20( (X)  

Dlum. Fem. Age Area Y = -0.029X - 1 . 5 1  Z + 49.66 0. 399 607, (Z)  
93c71 ( X )  

TABLE 2:  Regression of Size and Pigmentation o n  t h e  Insularity Indicators. 

consequence, evolution seems to work accumulatively 
in them . 

The relationship between the area of the isle and the 
variables of melanism and size is somewhat less clear 
than the one for age: it  attains a significant level only in 
females, when size is the variable considered. In the 
remaining cases, although it is not significative, its sign 
leads us  to assume that smaller isles tend to shelter 
bigger and darker individuals than larger isles. 

Mult iple regression analysis has permitted isolation 
of the relative contribution of each variable to overall 
regression (Table 2). The age of separat ion of the 
islands significant ly  influences in male and female size 
(>99 .9 per cent), as well as in male dorsal luminousity 
(99.2 per cent) .  A nd for female dorsal luminousity, 
correlation borders on the critical level (93 per cent). 
The area shows no significat ive relationship in any 
case. The overall result  confirms those obtained 
through simple regression: o lder isles tend to have 
bigger and darker an imals. A n d  the same is true i n  
smaller is les, although the  relationshi p  is not 
significative in this case. 

DISCUSSION 

Sexual dimorphism. Only a s ingle lacertid species 
i nhabits the Pityusic archi pelago: Podarcis pityusensis. 
Therefore, no interspecific competition with other 
closely-related species exists, although it is logical to 
assume some occasional competit ion with geckonid 
l izards, and the existence of certain intrapopulational 
competit ion for food, reproduction and space. Species 
occupying similar n iches often react by accentuating 
their morphological differences i n  sympatric areas, to 
different iate themselves from one another, thus 

avoiding all possible competition. and making optimal 
use of the resources offered by the ecosystem. This 
trend is observed both in mainland species: Podarcis 
mura/is and P. hispanica (Vives-Balmafia, 1 982),  and in 
insular ones: P. melisel/ensis and P. sicula (Clover, 
1 975) .  

The morphological differentiation between both 
sexes seems to respond to the same need to mitigate the 
i ntrapopulational competition, and exploit optimally 
the resources of the i nsular ecosystem. Males and 
females act as two sympatric closely-related species. 
Clover ( 1 975) points out that this must be the cause of 
the growing sexual di morphism in insular Adriatic Sea 
populations, where this species does not share a 
habitat with other species of the same genus. 
Accordingly, the strong sexual dimorphism of 
P. pityusensis seems to respond to this need to make the 
most of the scarcity of food and space offered by small 
islets. 

The differences observed in the variables defining 
size and shape ( B L ,  HW,  PL,  PW, LH and W) show 
that males are always bigger, fatter, and have a more 
robust head and extremit ies. Smaller and less robust 
females can be predicted to be relegated to more 
genera l ised feeding sources requiring no fighting (the 
smallest preys and plant buds and flowers). S ince body 
s ize and robustness are positively related to prey size 
(Hespenh ide, 1 973 ;  Seva, 1 982), both sexes can carry 
out more efficient predation against a wider range of 
prey sizes. 

Dorsal scal ing, as well as scale m orphology appears 
to be related to thermoregulat ion.  M artinez-Rica 
( 1 977) observes that more thermophile species have a 
greater n umber of dorsal scales and that those scales 
are smaller. Soule ( 1 966) has observed in Uta 
stansburiana that populations with problems of 
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Co111i11('111al Insular 

Species and Loco/in· Mall's Fl'males Species and Loco/ii.I' Males F1'111a/c.1· 

P. 11111ra!i.1· P. 11111ra/i.1· 
France 58.8 60.3 Fra n ce ( A t lan t . )  64.5 60.9 
France (mounta in )  59.7 62.5 France (Medi tc . )  6 1  
Belgi u m  56.6 55 Sp:i i n  70  
Germany 58 57 .7  I ta ly 65 .5  60. 2  
Swi tzerland 59.3 65 All populat ions 65.5 60.3 
Austria 53.8 56 
Spain 58.4 58  P. 1 ilig11er1a 69.8 62.4 
Spain ( mounta in)  57.7 60.2 
All populations 58 .2  59. 1  P. erhardi 62.5 59.5 

P. hispanica P. !ilfordi 64.8 6 1  
Spain 55 53. 1 
Spain ( mounta in )  54.4 52 . 1 P. pi1 r11se11si.1· 69.4 6 1 . 2 
North Africa (mounta in)  50 49 
North Africa 5 1 .2 52 .4 
Portugal 53 49. 1 
A l l  populations 53 52 . 1 

P. bocagei !'. bocagei 6 1  59 
Spain 57.6 56.3 
Spain ( mountain)  49.4 50.2 
All populations 57.7 56.4 

P. me!ise//ensis 56.4 54.8 !'. 111elise//ensis 62.2 53 .9 

P. peloponnesiaca 73.3 65.6 

P. sicula 69.5 6 1 .7 P. sicula 68.3 63. 1 

P. !Ourica 59.4 56.4 P. taurica 66 60.9 

A l l  continental forms 57 .7  56.4 All insular forms 65.5 60.9 

TABLE 3: Body Size (mm) in different European populations of Genus Podarcis (Data from Boulenger, 1 920 and from
.Perez 

Mellado and Galindo, 1 986). 

overheating tend to show a decrease in their number of 
dorsal scales, which become bigger and more 
overlapping. The fact that males have bigger dorsal 
scales seems to indicate that they have different 
t hermoregulatory requ irements from females, with 
more pronounced overheating problems, possibly due 
to their greater robustness, or to their different 
reproductive role. 

Trend towards giantism. Median body length in 
different European l izard populations of Podarcis 
genus, both continental and insular, is shown in Table 3 .  
I t  i s  evident that insular species o r  populations have a 
greater average s ize than continental ones, and also 
that ,  in the same species, insular populations contain 
bigger i ndividuals than their continental homologues. 
This difference shows a trend towards an increase in 
body size, not easily accounted for by such evolutive 
models as the one outl ined by Thaler ( 1 973)  which 
involves a stable and balanced biocenosis .  The Heaney 
( 1 978) model appears to be more plausible, even 
though it assumes an isochronal colonisation which 
seems not to have existed in  the Pityusic Islands. 

Anyway, the factors believed to guide size evolution in 
insular populat ions are island area and time of 
isolation of the specific populat ion, and t hese wou ld  
act mainly through predative pressure, shortage of  
resources and  competi t iveness. These t hree factors 
change when is land area decreases, in which 
circumstance we can expect some sort of relationship 
between the average population size and the average 
area of the isle inhabited or the t ime of isolation. 

This relationship has i n  fact been found in the 
above-mentioned evolut ive models and, in some cases 
(Heaney, 1 978), the type of relationship has even been 
specified. It would be a parabol ic  one: body size would 
grow with the logarithm of the isle's area, attaining a 
maximal value and t hen decreasing in larger islands, 
where biocenosis would already be of cont inental type. 

Consequently, the following conclusions can b e  
drawn: 

(a) Models l ink ing the trend to giant ism in insular 
environments with isle area are not total ly applicable 
to the case of P. pityusensis or at least t h e  
different iation between populations has not existed 
long enough to make t hose models seem appropriate. 
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(b)  The fact that the age of insular separat ion has an 
effect on the average size of both males and females 
suggests that this type of evolution is accumu lative and 
is more dependent on a systematic trend than on an 
arbit rary cause; the role of genetic drift seems then, to 
be secondary in relation to this feature. 

This general trend towards giantism does not seem 
to be present in the populations inhabiting Punta de 
Trucadors (the most northerly point in Formentera) 
and the Is le of Caragoler, which show a certain trend 
towards a decrease in size. To a l esser extent this trend 
is also observed in the Is le  of A lga and in Punta de 
Tramuntana (the most northerly point in the Isle of 
Espardel l ) .  These areas have a l ight brown-yel low 
coloured sand rock, which is flat and devoid of 
vegetat ion.  Lizards are small  and s lender, with highly 
luminous, ochre dorsal colou ring, nearly free of 
reticular patches and ·thus cryptic in relation to their 
environment. It seems evident ,  i n  these cases, that the 
dominant select ive pressure is predation and, 
accordingly, cryptic ( l ight ochre) forms, which must 
have less thermoregulating capacity, have been 
selected so that this colouring goes together with lesser 
sizes, as thermoregulation would be more d ifficult in 
larger but not dark lizards . 

Trend towards melanism. I f, as seems to be the case, the 
degree of pigmentation changes under the influence of 
the population size and of the t ime of its separation, it 
is necessary to recal l  evolutive patterns in which these 
factors work. Genetic drift is one of these evolutive 
mechanisms, which would adequately explain a 
quicker evolutive process in smaller populat ions. But 
what i s  the reaso n  for th is general trend towards 
darkening? I f  genetic drift acts arbitrarily there should 
not be any preferential  evolutive trends. Why then, 
does th is trend towards melanism ex ist not only in this 
species, but also in most insular species of 
Mediterranean lacertids? 

The relationship to population age suggests that a 
weak, but permanent, select ive pressure exists, 
overlapping genetic  drift and favouring an increase in 
p igmentation. Thus, an accentuated melanism must 
carry with it  some sort of ecological advantage for 
l izards which, some t ime l ater, wi l l  al low a 
u niformation of populat ions after an in i t ia l  hetero
geneity caused by genetic drift. 

What advantages m ight melanism hold for insular 
mediterranean l acert ids? These advantages can 
obviously only affect the animal's relationship with its 
environment, with its congeners or with animals 
belonging to other species. 

I n  relation to the environment, a darker colour can 
be an advantage to  a l izard, only if it  affects some 
exchange process in which the sk in plays a role. The 
only plausible one is the energetic exchange between 
the an imal and its environment .  It would not be 
surprising that a greater or less p igmentat ion would 
influence the l izards' abil ity to absorb heat.  Other 
smal l  saurians, also abundant in the Mediterranean 
isles, are capable of darkening or l ightening their skin 
according to t hermoregul ating processes (Martinez
R ica, 1 974) . L izards can adapt t hemselves permanently 
(and not only physiologically) to a s ituation of t hermal 

defici t .  I t  is difficult to imagine a thermal deficit 
exist ing in the Mediterranean isles, but l izards' activity 
patterns suggest the e x istence of such a deficit at least 
during the early hours of day. Rapid heating can mean 
an important ecological advantage for the animal 
because it al lows it to initiate act ivity sooner, swallow 
its quarry , take advantage of the dew drops which have 
not yet evaporated and move swift ly to escape 
predators. 

While studying other lacertids. Crisp et al. ( 1 979) 
established a relat ionship between average size and 
degree of melanism, considering both traits as cause 
and effect , when, probably, they were both dependent 
on a common cause. The interpretation given by these 
authors is that size increase favours melanism, because 
mela nism would make up for reduced heating speed of 
big animals. owing to a smaller area/volume ratio. 
Accord ing to these authors, the trend towards a darker 
pigmentation would not be selected of itself, but would 
occu r as a consequence of a previous selection , 
favouring great size . This explanation cannot be 
considered totally accurate in regard to P. pityuscnsis 
(t here are melanic popu lations of small l izards and 
non-melan ic. large size populations) since it is 
excessively s implified. even though a certain relation
ship between average size and degree of melanism is 
registered. The explanation that both characteristics 
depend on common factors seems more plausible. 

The second group of  factors bound to play a role in 
favour of an increase in the degree of melanism is 
related to intraspecific  social in teract ions. Even 
though a lot is unknown about behaviour patterns and 
the visual perception of lacertids. it can be stated that 
design and colouring features affect ing social 
interact ions are not located on their backs (the 
vis ibi l i ty of  this part being very problematic in l izards) 
but on their neck and sides. A part from that, judging 
from what happens in other lacert ids and other 
saurians, the designs intervening in intraspecific 
interact ions show a bright colouring and not only 
melanism .  Consequently, hypotheses trying to explain 
the trend towards melanism by causes l inked to 
intraspecific interactions are not very credible. Giving 
arguments which are different from the ones here 
stated, Stamps ( 1 983) also discards the possibil ity that 
i n  most territorial saurians females choose males for 
mating on the basis of the males' colour or aspect . 

The t hird group of hypotheses related to this topic 
includes interspecific relationships as agents causing 
melanism. A mong t hese relat ionsh ips, there are, 
logical ly,  the trophic ones, and especially the most 
often ment ioned interactions of l izards with their 
predators. 

Melanism could be favoured by selection if  this were 
to help l i zards to be undetected by their predators, 
which are mainly birds who ident ify lizards primarily 
by looking at them fro m  above. If a melanic back can 
be crypt ic in its specific environment, predation wi l l  
decrease whi le a trend to melanism grows. In the 
species studied, this  trend is only observed in stony and 
strongly-fissured is les .  The Pityusic Archipelago has a 
very mi ld  c l imate, free of mist and with long periods of 
sunshine d uring most of the year; especial ly during the 
spring, summer and autumn, the period of lacertids 
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maximum act ivity (Perez Mellado and Salvador. 
198 1 ) . S ince a very bright sunl ight strikes on stone 
edges and cracks. long and very clear-cut shadows arc 
projected. with l i t t le  blurring of their profi l es .  Such an 
environment makes it easy for birds to confuse a 
l izard's long black profi le  with the predom inat ing 
shadows. especial ly if  we take into account that many 
birds prey ing on P. pi1y11sensis do not have bi nocu lar 
v is ion ( l. arns. Lanius. Turrfus and Upupa). Sub
sequent ly .  it seems that melanism would cause a 
decrease in predation in stony . fissured environments. 
However, th is selective pressure is not completely 
e l im inated since some species of Falco (with 
stereometric vision) also play a role in this predat ion 
(Araujo, N al . . 1 977);  accordingly ,  select ive pressure 
owing to predat ion would be noticeably reduced with 
melanism but not completely el im inated. 

Summarizing, melanism is a consequence of a 
balance among the different pressures undergone by 
the populat ion:  t here is a trend towards an increase in 
s ize and the subsequent need of a more effective 
thermoregulat ion, al lowing the possibi l i ty of being 
act ive in the early hours of the morning, suffering less 
predation.  This balance is broken in populat ions l iving 
in sandy and clear areas since dorsal darkening would 
cause an increase in visibil ity and, subsequently.  in 
predat ion.  I n  the  last mentioned areas l ight brown 
crypt ic forms are selected which, in these species, seem 
to go toget her with small size. 
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ABSTRACT 

This report gives data on the feeding ecology of Cyrtodactylus kotschyi (Sauria-Gekkonidae), during the wet 
season in the mediterranean ecosystems of the Aegean. C. korsch ri feeds mainly on the larvae of insects. There are 
no significant differences in the food of this gecko among the different populations in the Aegean ecosystems. 

I NTRODUCTION 

Cyrtodactylus kotschyi (Steindachner, 1 870) 
(Sau ria-Gekkonidae) is the most widely spread l izard 
in all the  ecosystems of the Aegean arch ipelago. In 
quite a large number of them, it co-dominates with 
l izards oft he family Lacertidae, while in others, it is the 
un ique dominant species. I n  the above ecosystems, 
C. kotschyi is active during the whole year, belongs to 
the sit-and-wait predators and feeds mainly on 
arthropods . It has to be reported however that most of 
the data about the

. 
food of C. korschyi has come from 

specimens col lected during the warm period of the 
year, whi le data from the wet period are rather l imited 
(Valakos and Vlachopanos, 1 987).  

This study reports data on the food of C. kotschyi, 
collected during February 1988,  from ecosystems of 
the is land of Antikythera (S .W. Aegean), together with 
a comparison of the data with that already published 
on the wet period in an ecosystem of Naxos is land 
(central Aegean). 

The c l imate of the central and north Aegean islands 
belongs to the thermomediterranean type (hot, semi
arid). The average annual precipitation is about 400-
500mm, while the mean temperature of the year is 
l 9°C, the  hotest being 25°C and the coldest l 2°C. The 
dry season is restricted to the A pril-October period 
while the wet is from October to Apri l .  The vegetation 
is characterised by evergreen shrublands and phrygana. 

LOCALITIES AND METHODS 

The insular ecosystems of the central and south 
Aegean Sea, as well as the c l imate, belong to the 
Mediterranean type. 

During the month of  February 68 specimens were 
col lected from the is land of · Ant ikythera, where 
C. kotschyi is the  commonest among the  rept i le 
species. 

The main  characteristics of the area are the rocky 
terrain and the vegetation, which is mainly degraded 
maquis.  The most predominant p lant species are 
Juniperus phoenica, Pistacia lentiscus, Thymus capitatus 
and Genis/a acanthoclada. 

The geckoes were col lected by hand during the daily 
period of 9 a .m .  to 4 p .m .  and were put in aqueous 
solution of methanesulfonate (MS222) (Polymeni, 
1 988), in order to get them anaesthetised. 

Final ly,  the animals were put and kept in 75 per cent 
alcohol with 5 per cent glycerine. Both the whole 
lengt h and the body length (snout-vent) for each 
specimen were recorded. The same procedure was 
followed for the animals col lected on Naxos island 
during November 1 986 and March 1 987.  During the 
next step, the animals were examined under an ocular 
micrometer, fitted to a dissecting m icroscope, where 
their sex was determined and the content of the 
stomach was recorded. 

The food items were distributed into length 
categories of 5mm. The volume of each food item was 
calculated as if  it were the volume of a prolate spheroid 
according to the type: 

V =  � rr ( �) (�f (Dunham, 1 983) 

where : V = the volume of each food item. 

a = the maximum length of the food item. 
b = the maximum width .  

The food niche breadth (B) was calculated according 
to the type: 

B =  (Simpson, 1 949) 
LP i2 

where Pi = the percentage of each prey of the i 1 11 

category. 

The food overlap between al lopatric species or 
al lopatric populations (Qkj )  was calculated using 
Pianka's formula:  

n n n 
Qkj = L (Pik x Pij) I ( L PTk x L Pfj)'I: 

1 I I 
where Q = overlap 

Pi = the percentages of the i 1 11 category of 
prey for the species k and j .  
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Food caregory II %11 v % 11  .r 

Gasteropoda 6 3 . 1 3  50.30 1 . 7 1  0.04 
Araneida 1 9  9.90 20 1 .00 6.83 0.20 
Pseudoscorpions 9 4 .69 1 3 .80 0.47 0. 1 0  
Opil iones 3 1 . 70 2.00 0.07 0.04 

Thysan ura 24 1 2. 50 1 04.50 3 . 54 0.27 

Coleoptera 24 1 2. 50 99.60 3 .38  0. 33  

Embioptera 2 1 . 00 4 .30 0. 1 4  0.03 

Heteroptera 2 1 .00 48.20 1 . 63 0.03 

Hymen opt era 0.50 9. 1 5  0. 3 1  0.0 1  

Mantidae 0.50 1 0.90 0. 37 0.0 1  

Blattidae 0.50 5 . 50 0. 1 9  0.0 1  

Di pt era 4 2. 1 0  3 . 1 6  0. 1 0  0.03 

I nsects larvae 72 37.60 1 833.00 62. 1 7  0.66 

Neuroptera larvae 2 1 . 00 9. 1 4  0. 3 1  0.03 

I sopoda 1 8  9.40 552. 1 0  1 8. 72 0. 2 1  

Diplopoda 2 1 . 00 0.24 0.03 0.0 1  

Total 1 90 2948.00 

B 5 .26 2. 32  

TABLE I :  Food items found i n  stomachs of 68 C. korschyi specimens.  The  symbols represent :  n = number of food items, o/on 
= percentage of the  n umber of food items, V = volume of food items in  mm3•  % V = percentage of the  total volume, f = n umber of 
specimens containing one food category/total n umber of specimens (frequency), B = niche breadth. 

The n iche overlap between males, females and 
j uven iles was found using the method of  Petraitis 
( 1 985) ,  calculated with the help of computer program 
( Lundwing and Reynolds, 1 988). The correlation 
between the body length of each animal and the mean 
length of food items was determined by means of 
Spearman coefficient (Zahr, 1 984). 

The percentage of l izards containing each prey 
category is mentioned as frequency (f = number) of 
specimens containing one food category/total number 
of specimens. 

RESULTS 

From the 68 geckoes examined, only two had empty 
stomachs. The categories, the number, the volume of 
the prey, as well  as the corresponding percentages and 
frequency are presented in  Table I .  

I t  i s  obvious that larvae were the main 
constituents of the prey of C. kotschyi followed by 
Coleoptera, Thysanura, spiders and Isopoda. The 
percentage and the frequency of the remaining groups 
was very low. 

According to the volumes, larvae represented the 
h ighest percentage, 62. 1 7  per cent, followed by Isopoda 
( 1 8. 72 per cent) and spiders (6.83 per cent) .  

The food n iche breadth was found to be l arger when 
i t  was determined as a function of the number of  
specimens of each group of the prey, whi le  i t  was 
smaller when determined as a function of the volume.  

According to Table 2 ,  where the prey of males, 
females and juveniles is shown, larvae made the largest 
contribution among the different categories of food. 

H igh overlap occurred between males and females 
(general overlap GO = 0.966, statistic V = 1 0.42 

p<0.05), as well as between adults and juveniles 
(GO = 0.92, V = 32.23 p<0.005). 

>o 0. u c GI 
g.o.4 
it 

Food Resources 
0 - 5  5 - 10 I 10 - 15 15 - 20  

Fig. 1 Relat ive frequency in  use of food categories ( in  mm)  
by  C. korschyi. 
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Fig. 2 The correlation between mean prey l ength and 
snout-ven t  length ( in mm).  
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Males Females .1111•e11iles 
Food category 11 %11 11 %11 11 %11 

Gasteropoda 2 2.68 4 5 .26 
Araneida 7 9. 2 1  I I  1 4. 20 I 2 .77 
Opiliones 3 8 .33 
Pseudoscorpions 4 5.26 4 5.26 I 2. 77  
Thysanura 10  1 3 . 1 5  6 7 .89 8 22. 20 
Coleoptera 1 2  1 5. 78 10  1 3. 1 5 2 5.26 
Embioptera 1 . 3 1  1 . 3 1  
Mantidae 1 . 3 1 
Blattidae 1 . 3 1  

Heteroptera 1 . 3 1  1 . 3 1  

Hymenoptera 1 1 . 3 1  

Diptera 2 2 2.68 

Insects larvae 28 36.84 23 30.26 2 1  58. 33 

Neuroptera larvae I 1 . 3 1  I 1 . 3 1  

lsopoda 7 9 .24 9 1 1 . 34 2 5 .55  

Diplopoda 2 2.68 

Total 76 76 38 

B 5.29 6.84 2 .85 

GO 0.96 

0.92 

TAB LE 2 :  Food items found in  the stomachs of 28 males, 23 females and 1 5  juveni les C. kotschyi, GO = general niche overlap. 
Other symbols as in Table I .  

November ( 10) March (10) 
Food category 11 %11 v % V  £ 11 %11 v %V £ 

Araneida 8 30.8 6.07 1 . 83 0. 7 2 .6 3 .02 0.98 0. 1 

Chilopoda I 3 .8  3 .88 1 . 1 9 0. 1 

Coleoptera 3 1 1 . 5  24.80 7 . 39 0.3 5 1 3. 6  22. 3 7 .24 0.3 

Ants 8 30.8 7. 2 1  2. 1 8  0.2 

Hymenoptera 3 .8  9 .58 2 .89 0. 1 2 .6  0. 1 3  0.04 0. 1 

Di pt  era 2 7 . 7  3.65 1 . 1 0  0. 1 

Collembola 2 7. 7 0. 1 

Larvae of Holometabola 3 .8  276. 1 83.42 0. 1 5 1 3 . 6  1 43.42 46. 36 0. 1 

Larvae of Hemiptera 26 68.4 1 40.47 45. 4 1  0.3 

Total 26 330.90 38 309. 34 

B 5.88 1 .42 1 .49 1 . 1 9 

TAB LE 3 :  Food items found i n  stom achs of C. kotschyi from the  island of N axos during November and March. Number i n  
parenthesis :  number of the  geckoes. Other symbols as in Table I .  

Fig. I shows the different size groups of the prey. I t  
was not iced that C. kotschyi fed mainly on p rey items 
belonging to two big groups. One group contained 
food items of length less than 5mm,  while the second 
contained food items with lengths between 5 and 
I Om m .  The relative frequence of the other groups was 
low (less than 1 0  per cent). 

A posit ive correlation was found between the 
average food length and the length of the animals 
t hemselves with ful l  stomachs (rs = 0.46 p<0.05 Fig.  2). 

Table 3 shows the categories, the number and the 
volume of prey for the months of November and 

M arch from the ecosystem of Naxos. In  November 
C. kotschyi fed mainly on spiders and ants (30.8 per 
cent) fol lowed by Coleoptera ( 1 1 . 5  per cent),  while in 
M arch it fed mostly on larvae of Hemiptera (68.4 per 
cent), fol lowed by larvae of Holometabola ( 1 3. 6  per 
cent) and Coleoptera ( 1 3. 6  per cent). According to 
volume, insect larvae represented comparatively high 
percentages both in November and March 42 per cent 
and 92 per cent respectively. It can be gathered that 
there was no significant difference between geckoes' 
prey in the two ecosystems. Also l arvae represented the 
biggest percentage in the volume of the prey of 
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C. korschri. In this case too. rhe  food niche breadth 
was the widest when measmed by the number of the 
speci mens of each group.  instead by the volume.  The 
volu mes of the prey in rhe  two ecosysrems, during the 
three months,  were si milar. ( February-November 
Qjk = 0 . 85,  February-March Qjk = 0. 86, November
M arch Qjk = 1 ) . 

DISCUSSION 

During summer, in the Aegean ecosystems, 
C. korschyi, like most Gekkonidae, feeds mainly on 
insects. Larvae participate in the prey, with a 
percentage of 78 per cent and 98 per cent in volume. 
(Valakos and Vlachopanos, 1 987). According to the 
results,  the above findings are valid for the wet season. 
Jn Naxos ecosystems, during March, C. korschyi feeds 
mainly on larvae) ( 8 1 per cent in taxon and 92 per cent 
in volume).  On the contrary, during November i t  feeds 
mainly on spiders and ants. During this period the 
percentage of larvae in the soil fauna is low. 
Differences concern ing the prey categories between 
March and November are due to the different 
conditions existing on the soil fauna during the two 
periods (Paraschi, 1 988). 

I t  is already known that most Gekkonidae are sit
and-wait predators. (Ananjeva and Tsel larius, 1 986). 
C. korschyi, ir. Naxos ecosystem, behaves s imilarly. 
(Valakos and Vlachopanos,' 1 987). The results from 
the Ant ikythera ecosystem are in agreement with the 
above ones. The arguments which follow, support the 
above conclusion : 

I .  The prey is composed of many kinds of mobile 
animals,  l i ke spiders, Thysanura, Coleoptera , 
Diptera (Pianka,  1 98 1  ) .  

2. Some groups are  present in the prey in particularly 
high percentages. (Huey and Pianka, 1 98 1 ) .  In our 
case the insect larvae contributed to the prey by 
more than 60 per cent. Yet, similar results were 
reported for the summer. (Valakos and 
Vlachopanos, 1 987). 

3 .  For the s it-and-wait predators, there is a positive 
correlation between predator's body size and 
average prey length .  (Roze, 1 976). In fact, the 
results concerning the wet season support this  point 
of view along with those for the summer (Valakos 
and Vlachopanos, 1 987). 
According to  Fuentes ( 1 976),  similar species of 

l izards that live i n  the Mediterranean type biotopes, 
even when l iving in two different continents, use 
s imi lar food resources. The food resources for 
allopatric Lacertidae species and subspecies in the 
Aegean ecosystems are very s imilar. (Valakos, 1 987). 
In fact a great s imilarity is observed in the food of the 
populations of C. kotschyi of Antikythera and Naxos 
islands. On the contrary, sympatric species, C. korschyi 
and Podarcis erhardii (Sauria-Lacertidae ), of the island 
of Naxos, show a big difference between the groups of 
their prey. I n  accordance with previous works 
(Valakos, 1 986), the degree of similarity between the 
two species is Qjk = 0.3 .  

L izards select their prey more by size than by taxon, 
(Schoener, 1 968). Comparing the different groups of 

the prey size of C. korschl'i on the island of Antikyt hera, 
to the prey size of Tare11rola 111a11rira11ica (Sauria
Gekkonidae). from Mediterranean Spanish ecosysrems 
( M ellado. er al . . 1 975) .  we are led lo the conclusion that 
rhere is a high degree of similarity: Qjk = 0. 86. Similar 
1s rhe case of sit-and-wail predarors of the 
M edirerranean ecosystems of Chi le and California 
( Fuenres. 1 976). 
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BOOK REVIEWS: 

( I )  Phylogenetic relationships among gerrhonotine 
lizards. An analysis of external morphology. D. A.  
Good. University of California Publications, Zoology, 
Vol .  1 2 1 ,  pp. x + 1 39 ( 1 989). 1 5 . 00 US dollars. 

To the European herpetologist the name Anguidae 
is l ikely to suggest a l imbless l izard such as the familiar 
slow-worm. H owever, many members of the family 
possess well developed legs, and perhaps the most 
notable of these are the all igator lizards of the 
subfami ly Gerrhonotinae. They are characterist ically 
long-bodied lizards with rather short legs and a heavy 
armour of scales to which they owe their vernacular 
name; they are found in North and Central America. 
The present study is a phylogenetic analysis, based on 
the cladistic method; of the 38  species in the group, the 
features considered include details of  scalation, colour 
patterns, degree of development of the lateral fold (a 
characteristic feature of  the best known genus, 
Gerrhonotus), and the form and size of the body and 
l imbs. The biogeographical implications of the 
suggested relationships between the various genera 
and species are discussed. There is a useful systematic 
account of the different species, and an extensive 
bibliography. A general summary of the findings 
would have been welcome. 

Studies of this kind make somewhat austere reading, 
at least for the non-systematist. However, the author 
has u n doubtedly made a significant contribution to 
our knowledge of this interesting group of  l izards. 

A. d 'A . Bellairs 

(2) Crocodiles. Rodney Steel. 1 98pp. Christopher 
Helm Publishers Ltd. ( 1989). £ 14.95. 

I t  is difficult to  exaggerate the public i nterest in 
crocodil ians of  al l  types, which in  a sense is 
u nfortu n ate leading as it has to  publications more 
properly related to folk-lore than to science. How 
much credence should be given to the oft repeated 
account of  the annihilation of an entire battalion of 
armed Japanese by hordes of  salt-water crocodiles? 
Either the soldiers were too dim-witted to  use their 
weapons, or they were promoting conservation at a 
strange t ime and at considerable personal sacrifice. As 
no one person can be an authority on more than a few 
of the crocodi l ian species, the value of a book on 
crocodi les depends on the  author's ability to 
distinguish  reasonable from unreasonable reports. 
Steel has succeeded in this regard admirably. It is true 
that some of the statements concerning species i n  
remote areas of t h e  tropics wi l l  prove wrong  b u t  this 
cannot be avoided. How reliable are accounts on size, 
population density, range, sex ratios, breeding habits, 
rates of growth, longevity, etc.? Serious research on 
even the most p lentiful and accessible species was not 
begun unt i l  well after the Second World �ar. 

The author has taken a dispassionate view of the 
problems concerning conservation, which is refreshing. 
With the possible exception of  those l iving on the bank 
of  a waterway filled with large crocodiles, m ost of us 

hope to see these repti les prosper to the point where 
they regain much of their old habitat. In contrast to 
those bel ieving in not ki l l ing them for almost any 
purpose, the author favours domestic propagat ion and 
game management .  The rate of increase in successful 
crocodilian farming is greater than Steel predicted, in 
fact, within a few years the market for hides and meat 
may be saturated. For example, in Louisiana (USA) 
alone, the  collect ion of 250,000 all igator eggs was 
authorised in 1 989. I ncubation fol lowed by feeding the 
hatchli ngs in a controlled environment should yield 
over 1 50,000 alligators (each over one meter long) in 
1 990. We have the knowledge now to save all 
crocodil ian species from extinct ion,  even if  we don't 
put it to use. 

Some wil l  criticise the book for its absence of a 
comprehensive bibliography, and others for the fact 
that you don't have to be a herpetologist to make sense 
out of it. Evidently the author sought a balance to 
encourage the widest readership.  Who is to say he is 
wrong? 

The sect ion on the prehistoric forbears of modern 
crocodil ians is detailed and fascinating, l isting 1 65 
extinct members of the  order. At t he risk of seeming 
uncaring, we may be better off without the 1 5  meter 
species weighing as much as three elephants. 

In sum, a fine book .  
Roland A .  Coulson 

(3) Fauna of Saudi A rabia. Vol. 9, 1 988. Editors : 
W. Butt iker and F. Krupp. 480pp .  Pro Entomologia. 
( 1988). SFr. 1 53. 

The Fauna of Saudi Arabia series was first published 
in  1 979 and has now become well-known for its very 
h igh qual ity of both edit ing and production . Volume 9 
is no exception, and is of particular interest to 
herpetologists since 282 pages are devoted to 'The 
Snakes of  Arabia' ,  an  impressive piece of  work by 
John G asperetti ,  who has been working for over 40 
years in Arabia. 

This t reatment of the Arabian snakes is a delight to 
read, and achieves the most ideal objective of bringing 
different strands of information from all sources into 
one comprehensive publication. All relevant subjects 
are treated. The introduction gives a detailed 
i l lustrated guide to snake scalation and skeletal  
features. There is a section giving a chronological 
h istorical summary and the conservation of  snakes is 
also considered. A phys iographic  sketch is outl ined for 
the  Arabian Peninsul ar and the zoogeographing of  the 
snakes is discussed in some detail .  

However the majority of the text  is  devoted to the 
systematic l ist of the s nakes. Identification keys are 
provided including a l l  species and there is an 
i ntroduction for each family and genus. A l l  synonyms 
are l isted for each. 

C.  J. Raxworthy 
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(4) A mphibians and Roads. Edited by Thomas E .  S.  
Langton. Published by Aco Polymer Products Ltd. 
( 1 989). 

This book is a summary of the proceedings of the 
Toad Tunnel Conference held at Rendsburg on 7- l Oth 
J anuary 1 989. I t  consists of various contributions from 
European and American authors. These deal with the 
problems of toad tunnel and fencing construction, and 
the effectiveness of the various systems so far 
employed. The use of substitute ponds as a means of 
reducing road mortal ity is also considered. A section is 
devoted to aspects of orientation and migrat ion , 
including the possible problem of opportunistic 
predation of amphibians artifically concentrated by 
drift fencing. 

The round table discussions which expand on the 
themes raised by each paper are also included. 
H owever, despite its t it le the book doesn't  deal with 
other aspects of amphibians and roads such as the 
actual effect iveness of toad crossing signs and 'toad 
l ift ing'. 

Nevertheless it is a useful survey of the state of the 
art in a growing conservat ion area. 

J. Denton 

(5) Conservation of European Reptiles and Amphibians. 
Edited by Keith Corbett .  274pp. Helm,  London 
( 1 989). £ 1 1 .95. 

By editing th is book Corbett places the often 
neglected groups of repti les and amphibians clearly 
within the scope of European nature conservation. 
H ow difficult and huge this task was wil l  be 
u nderstood properly only by t hose who have inside 
information. As  chairman of the Conservation 
Committee of the Societas Europaea Herpetologica he 
led and encouraged a hard working team of 
herpetologists from a l l  over E urope, who in  this book 
compile their work together with him.  The book surely 
forms the highly needed starting point for n ational and 
real E uropean conservation programmes for repti les 
and amphibians. 

The book contains three different parts .  The first 
gives a European checklist and describes the need for 
protection and conservation of a substantial portion of 
th is species l ist .  In  the second part a number of key 
species and some key areas are treated. Part three gives 
national accounts for all European countries. 

In spite of its importance the book shows clear signs 
of haste with typing errors and tedious m istakes and 
anomal ies in the main text and in some n on-English 
l iterature references. As I feel deep regard for the 
whole of  this  work I wi l l  deal with most  of t hese 
h iccups here: 

The check-list in part one deviates markedly from 
earlier p ublished ones but is lacking references; i t  also 
double l ists the Madeiran lizard as Lacerta dugesii and 
Podarcis dugesii. 

Bombina variegata is abbreviated to B. variegata but 
l isted between the Bufo species (Czechoslovakia); 
Scolopendra cingulata (a large centipede) appears as a 
plant and Cite!lus cite!lus (the susl ik) is with the 
invertebrates (The Meadow Viper); an 'Emys mauremys' 

occurs (Spain); Psa111111odro11111s hispanicus appears 
wrongly as Podarcis hispa11icus (Portuga l); Ophiomorus 
p1111cratissi11111s is wrongly stated for open oak forest ,  
perhaps in stead of Ophisaurus apodus (Evros);  
s imi larly E/aphe sca/aris in place of the decl ining 
E/aphe situla ( I ta ly) ;  text reference to Plates 8 and 9 is 
mistaken;  and lastly the  species totals for Denmark , 
Portugal ,  Romania,  Greece, and Turkey do not quite 
tal ly .  

Multi-authorship prodLices difficulties of cross 
reference. these have not always been resolved, thus:  
the susl ik  is  given as Citel/us citellus and Spermophilus 
citellus (The Meadow Viper, and Evros . ) ;  Natrix natrix 
cefli and N. 11. corsa are check listed but appear only as 
one !axon in the text ( I t aly and France); Lacerta 
perspicilla1a and Podarcis perspicil/ara can sim ilarly be 
found; the Balkan frog Rana shquiperica is check-listed 
but is not to be found in the national Balkan texts; the 
range extension of Bombina bombina and the 
occurrence of Lacerra pratico/a (Evros) are not 
reflected elsewhere (Greece, and Fire-bell ied Toad). 

Concerning the texts of the key species in part two 
the following remarks can be made; - Rana /atastei: 
Too much emphasis can be placed on individual 
observation of habits with an impl ication that this is 
always typical; thus if taken to the extreme by a reserve 
manager it cou ld lead to the encouragement of  
Plant ago major ! Exact l i terature references have been 
omitted. 

Vipera ursinii: based on repeated personal visits to 
some of its habitats I really doubt whether the 
estimation of only 200 to 300 adult specimens in 
France is a real estimate. 

A part of eastern Sardinia and a part of the Greek 
province of Evros are shown as already known key 
areas. This information is based on special studies 
carried out for the Couneil of Europe through SEH.  
When dealing wi th  the  Sardinian study again some 
mistakes sneaked in, e.g. the Sardinian treefrogs have 
different names in different habitat types and in the 
habitat 'Agricu ltural Areas' there i s  no mention of 
Algyroides fitzingeri, which species appeared to be 
really abundant there during the study. 

When reading the results of the Evros study it strikes 
the eye, that a certain species combination is nearly 
ubiquitous there, i .e .  Testudo graeca, T. hermanni, 
Emys orbicularis, Mauremys caspica, Ophisops e/egans 
and Lacerta trilineata. This combination is called 
'notably present' for five of the seven very different  
habitat types. I t  must  be  sa id  that  they indeed occur on 
many p laces in that  area, but  starting the species l i s t  of  
nearly a l l  the various habitats wi th  these s ix reptiles 
uncovers a certain degree of prejudiced thinking. I got 
the same idea when reading the short paragraph o n  
'persecution' in  t h e  same part; neither poaching of  
tortoises nor  deliberate k il ling of animals s hould be  
mentioned here, because they do not  constitute real 
t hreats in the area. The reference to Plate 1 5  is  wrong  
when dealing with the open oak  forest habitat;  Plate 1 5  
shows an example of the old pine forest habitat .  
Furthermore, i t  should be said t h at the tal l  deciduous 
forest described there only occurs in  deep valleys and 
on north-facing slopes, and not on south-facing slopes. 
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Finally something about the very detailed country 
accounts in part 3 :  
- why were Hy/a arborea and Podarcis muralis called 
·
·possibly native' in the UK? 
- France: there is a discussion about the specific 
status of  the Discoglossus species of Port Cros 
(D. sardus or D. montalentii), while the national species 
l ist solely mentions Discoglossus pictus. 

- Italy:  it is very strange to learn without comments 
that islands like Sicily and even the pelagic ones l ike 

Linosa and Pantel leria belong to mainland Italy, while 
Sardinia and its neighbouring islets do not. 

Apart from all these more scientifically orientated 
remarks I want to state that the book merits great 
attention from all those who are concerned with the 
European herpetofauna. And I surely think that its 
polit ical significance is far greater and stronger than 
my comments. 

H. Strijbosch 
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