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Abstract.In a one year study we collectedecologicaldata of the northernmostpopulation of P. muralisin
Maastricht (50°51'N. Lat. in the Netherlands).This population consistedof about 100adult lizards.It was
probablydefinitelydividedin two subpopulationssituatedcloseto each other whichweresubdividedinto 5
and 2 colonies respectively,between which there was no or hardly any exchange. Sex ratio did not
significantlydifferfrom 1.0.Comparedwith the wall lizardsof moresouthernpopulationsthey werefound to
be rather smalland to growmore slowly.The age structureof thepopulation was out of balanceon account
of the small numbers of some younger year classes.Only good, i.e.warmer years are likely to enable a
reasonablereproduction success.The total period of activity does not differ from that in more southern
regionsbut the reproductionperiod is clearlyretarded and the incubationperiod of eggs isdistinctlylonger.
The frequent partial reproduction failure is probably compensated by a rather high longevity,which,
however,renders the population very sensitiveto each factor that increasesmortality. The animals have
home rangesof 15-25m2(no significantdifferencesbetweensexes)and theyhave a considerablehomerange
overlap.Thesehome rangesizes donot differfrom thosein more southernregions but theoverlapsare much
morefrequent and thereforeit can be concludedthat there is a strong concentrationon ecologicallysuitable
and spatiallyvery restrictedspots. From a list of prey speciesbased on faecesanalysisP. muralisappears to
be a non-selectivefeeder.On two adult specimenswe found the acarineectoparasiteOphionyssuslacertinus.

Introduction
The distribution of Podarcis muralis (LAURENTI) is mainly restricted to Central and
Southern Europe. In the greater part of this area the subspecies P. muralis muralis
occurs. The distribution of this subspecies includes France, the Channel Isles, Belgium,
the Netherlands, the Rhine area in Germany, Switzerland, Czechoslovakia, Austria
and the northern Balkan (MERTENS and WERMUTH 1960, STREET 1979). The northern
limit ofthe area is roughly only just a little so.uth of the 18° C isotherm of July. The spots
of occurrence in the Benelux and W. Germany are all situated in the valleys of the
Maas, the Moselle and the Rhine and their tributary valleys (MERTENS 1947, MOLLE
1953, MULLER 1968, 1971, 1976, PARENT 1974, 1978). The most recent distribution
maps of this area (for W. Germany see MULLER 1976, for the Benelux see PARENT 1978)

162
show as the northernmost spots of occurrence the city of Maastricht in the Netherlands
(50°51' N. Lat.) and somewhere near Bonn in the Rhine-valley in W. Germany (50' 44'
N. Lat.). Like the other spots along the northern limit of the distribution area, the city
of Maastricht is a strongly isolated dot on the map. The nearest population is the one in
Vise in Belgium (at a distance of about 15 kms). There used to be more places of
occurrence in the southern parts of the Netherlands (VAN KAMPEN & HEnvtANS 1927),
but VAN BREE (1958) and also VAN DE BUND (1964) only mention Maastricht.
MARQUET (1964) gave a possible occurrence on the St. Pietersberg near Maastricht but
that was only based on supposition. Older literature (e. g. CREMERS 1929 and even
VAN BREE 1958 and TER HORST 1960) gives more places of occurrence within the city
of Maastricht, but more recent literature (VAN DE BUND 1964, TER HORST 1975)
clearly gives only one place, i. e. the "Bossche Fronten".
In 1978 we studied this population of P. muralis and also visited all possible other
places of occurrence in Maastricht and its vicinity. This study was occasioned by the
fact that this last place of occurrence in the Netherlands, also being the northernmost place of the distribution area of the species, was seriously threatened by intended
restorative activities on the old ramparts on which the species occurs there. In order to
be able to give scientifically founded advice for the steps to be taken for the
conservation of this population, taking such an extreme place on the map, we collected
as many different data as possible.

Study Area
Besides occasional visits to places which seemed to be suitable within Maastricht and
its vicinity and to the bordering northern parts of Belgium this study was completely
carried out on the lizard population of the "Hoge Fronten" and the "Lage Fronten" in
Maastricht, together forming the "Bossche Fronten". During its complete history the
city of Maastricht has been a fortress. As early as in the Roman times there were
fortifications with ramparts, but the oldest remains above ground-level are ruins of
medieval fortifications. Most remains, however, among which also the Hoge Fronten
and the Lage Fronten, are of a more recent date. They are the remains of fortifications,
made by the end of the 18th century (Hoge Fronten) and in the early 19th century (Lage
Fronten). The Hoge Fronten consist of a system of wide earth ridges fortified with thick
stone walls, between which there are dry moats. The Lage Fronten, in the past
immediately adjacent to the Hoge Fronten, forming a unity with them, are situated at a
lower level and here the moats between the walls do contain water. At this moment the
Hoge Fronten and Lage Fronten are nearly in the centre of Maastricht. They are now
divided by a wide and busy road with houses on either side. The city of Maastricht,
situated in the Maas valley on almost the most southern site of the Netherlands, has a
climate which differs in many respects from that in the rest of the Netherlands
(MORZER BRUYNS and WESTHOFF 1951). Summers are relatively warm and winters
are relatively moderate there, e. g. the average of the day-time maximum temperatures
of July is 23.0° C in Maastricht and 16.5° C in the rest of the Netherlands; for January
these values are 5.0° C and 1.0° C respectively.
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Methods
Lizards were caught with a light noose on the end of a slender twig. Sex, snout-vent
length (SV-Iength), tail length (TL-length), weight and precise location were recorded
for all lizards caught. All individuals were marked by means of toe-clipping and
furthermore by applying dots of coloured nailpolish on their backs. The latter method
enabled us to make observations through field glasses about behaviour and spatial
occupation of individual lizards without having to disturb them.

Results
In Maastricht and its vicinity wall lizards were only found on the Hoge Fronten and the
had bellies
Lage Fronten. All 00 caught by us (except one) as well as a number of the
of a dark colouration. All the year through this colouration was dark red with a large
number of big black patches.
In total we made 351 observations (captures, recaptures and resightings) of 65
we made 188 sightings of unmarked
different, marked individuals. Furthermore
individuals. The population in Maastricht turned out to consist of two subpopulations,
presently more or less divided from each other, one in the Hoge Fronten and one in the
Lage Fronten. In the subpopulation of the Hoge Fronten there were five colonies more
or less divided in space, between which there was no or hardly any exchange of
individuals during the year of study. On the Lage Fronten there were two colonies
divided in space.
In order to make an estimation of the number of individuals in the group of
unmarked animals we used the frequency of observing the marked individuals. This
frequency turned out to depend on the activity of the animals and the surveyability of
the habitat. Therefore it was separately calculated for the 00 and the and
separately
for the animals of the Hoge Fronten and of the Lage Fronten. The marked 00 of the
5.3 times. For the
Hoge Fronten proved to be sighted 8.3 times on the average, the
Lage Fronten these frequencies were much lower, viz. 2.1 times for the 00 and 1.8 times
for the $$. Of nearly all sightings of unmarked animals we did record sex and location
so that we can make a reasonable estimation of the number of individuals in this group
of observations. So doing we come to an estimation of a total of 56 adult specimens on
the Hoge Fronten and a total of 41 adult specimens on the Lage Fronten, so the whole
Maastricht population should have 97 adult lizards. The sex ratio found
is 1.37
the
Fronten
1.44
and
for
the
Fronten
These
values
do
not
1.22).
(for
Hoge
Lage
P
>
,
differ
from
.10).
significantly
equality (X2-test,
The age structure of the population is given in Table 1. The figures in it are based on
real counting for juveniles and subadults and on estimations as explained above for
adults. Although the numbers of the adults are based on estimation, the difference in
number between young adults and full-grown adults, however, is certainly reliable. The
animals, born in 1976 (young adults), can clearly be distinguished from the group of
older adults because of their smaller sizes, especially in the first half of the season. The
greater numbers for animals in the higher year-classes immediately strike the eye.
ROLLINAT (1934) states that juveniles lead a more secretive life but in spite of a possible
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Table 1. Age structure of the Maastricht Podarcismuralispopulation in 1978

underestimation
of their numbers on account of this Table 1 does show that the
population increase of 1978 was very slight. Judging from the numbers of subadults
and young adults the increase of 1977 must also have been slight but high in 1976.
Possibly the temperature and the length of the season in the year ofbirth plays a role in
this. According to the weather data from the Royal Dutch Meteorological Institute
(ANON. 1972-1978) of the last seven years 1973 and 1976 were both extremely warm,
sunny and dry, whereas the years 1972, 1974, 1975, 1977 and 1978 were all rather
sombre and cold in general (these data were compared with the average data of the
years 1931-1960). The sunny and warm weather of 1976 is very probably the cause of
the relatively large representation of that year-class. BANK et al. (1977), who studied
the Maastricht lizard population in 1977, then found relatively many subadults, i. e.
animals born in the preceding year. In analogy to this also the year-class born in 1973
(6th calender year animals) within the group of the full-grown adults must be
considerable. In this respect the following might be remarked. For two adults we
tried to determine the exact age by analysing growth rings in haematoxiline-stained
cross sections of phalanges (for method see HEMELAAR & VAN GELDER 1980). For
this purpose we selected a 3 of average size (SV-length 60 mms) and a rather big (SVlength 66 mms). In the cross sections of both specimens 5 growth rings could be seen,
indicating that they were 6th calender year animals and therefore must be born in 1973.
Also this suggests an inconsistent age structure for the population.
Table 2 shows a survey of the sizes and weight of the Maastricht wall lizards. We
have no exact measurings of juveniles and we could measure only one subadult. The
SV-length of juveniles could be estimated at 25-27 mms, which corresponds well with
the values given for it (ROLLINAT 1934, FRETEY 1975). The length values found for
adults are in general somewhat less than those given for France (ROLLINAT 1934,
ANGEL 1946, FRETEY 1975). Also VAN BREE (1958) already mentions that the wall
Table 2. Length (in mms) and weight(in grams)of Podarcismurali.sonly
; measuringson individualswith
complete tails are used ;figuresshow x + s.d. (range)
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lizards of Maastricht are relatively short. The differences in total length, SV-length and
weight between öö and Yy are not significant, but the difference in TL-length is
(t-test, t = 6.79,
(t-test, t = 3.19, P < .01) and so is the ratio SV-length/TL-length
P < .01).
Figure 1 shows a graphic representation of the average SV-length in the successive
months of the year. For this we used measurings of all individuals. From it one can
deduce an average increase of SV-length by 1.7 mm,/month for 3rd calender year
animals, whereas a 4th calender year animals show an average of 0.6 mm/month. This
method can well be used for the 3rd year class but is less adaptable for the group of
::3:4th calender year animals. Therefore we also determined individual length increase
in recaptured animals. The latter method gives us the following growth data: the 3rd
calender year animals have an average increase in SV-length of 1.9 mm/month (n = 2)
and the >4th
calender year animals have 1.1 mm/month (n = 36). These figures
indicate that young adults grow 1.5-2 mms/month (in SV-length!) and older adults
about 1 mm/month. We captured too few subadults (2nd calender year animals) to
apply similar calculations. Therefore we calculated growth data for this age class from
the difference in mean SV-length of juveniles at the end of the season (October) and that
of 3rd calender year animals in the early season (April). On the basis of a growth season
of 6 months (April till October) the increase in SV-length is 3.6 mm/month. All growth
data found by us are rather little compared with those of ROLLINAT (1934) and ANGEL
(1946).

Fig. 1. SV-length(in mms) in the successive
months of the year for two different age
classes; shown is + s. d. (n). x = 3rd calencalender year
der year animals; o
animals
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Using measurings on regularly recaptured animals we could calculate an average tail
growth of 2.6 mm/month for adult animals with complete tails (n = 15). Animals with
regenerating tails had an average of 8.7 mm/month (n = 11). This difference is
significant (t-test, t = 2.69, P < .02).
Figure 2 gives a survey of the length of the active season and the dates of various
phases in the reproduction cycle in 1978. This diagram was drawn up based on direct
observations of animals in their natural habitat. The
come out of hibernation very
have
one
month
before
the
therefore
an active period of about
The
c;,3
early,
have one of about 8 months. In spite of this northern place of
9 months, the
occurrence this period hardly deviates from that in more southern areas, e. g.
ROLLINAT ( 1 934)also gives 9 months for Central France, so does ANGEL (1946); SAINT
in the lowlands of Central
GIRONS and DUGUY (1970) give 12 months for the
France (in wintermonths they regularly interrupt their hibernation) and 9 months for
the
and for a mountain population in the Pyrenees 8 months for
and 6.5 for the
$$ WEBER (1957) gives 9 months for southern Switzerland and AVERY (1978) about 8.5
months for Central Italy. From this it can be deduced that the Maastricht population is
active during a period just as long as in the more central parts of the distribution area of
the species. The reproduction time, on the contrary, might be called at variance. In
Maastricht it is roughly the period from half April till half June. ROLLINAT (1934) gives
March and April for Central France and WEBER (1957) late March till early May for
Southern Switzerland. We determined reproduction time on the basis of a number of,
partly occurring simultaneously, components of the behaviour of the lizards. A clear
couple formation was seen from half April till half June. ROLLINAT (1934) found couple
formation from late March. WEBER (1957) also describes couple formation and states
that this is maintained for some time also after copulation. We also saw aa and gg
sticking together after the copulation period and occasionally it even occurred in
summer and autumn. The phenomenon of fighting
is given by many authors as
taking place from late March (for France see ROLLINAT 1934, ANGEL 1946, FRETEY
1975; for Switzerland see WEBER 1957). In Maastricht this period was relatively late
and relatively short. According to the most authors courtship behaviour immediately
succeeds the period of fighting 33 and also in Maastricht it was the same period. We
saw copulations in May and the first half of June. The mean duration of copulation was
55 seconds (min. 15 seconds, max. 120 seconds). WEBER (1957) gives an average of 30
seconds. Also ROLLINA T(1934) mentions that the duration of copulation is very short.

Fig. 2. Season length and time
of year for various phases in
the reproduction cycle
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The occurrence of mating scars on the sides and bellies of
after copulation, as
described for various Lacertidae (e. g. KRAMER 1937) was found only twice by us,
despite regular searches for them. This is probably due to the very short duration of
copulation. We saw only three times a clearly carrying eggs (May 26, June 14 and
August 14). So oviposition happens probably during a very long period in Maastricht.
Most authors on P. muralis give as the latest date of oviposition half June. COOPER
(1965) says that oviposition, rather independent of the temperature of the environment,
takes place one month after fertilization. Seen in that light the late sighting of a
forms
a distinct indication of the retarded reproduction
pregnant
period in
Maastricht. From the sighting on June 19 of a with distinct skin-folds on the flanks,
which according to ROLLINAT (1934) indicates recent oviposition, it appears that eggs
can also be deposited at an earlier date. In Maastricht the first juveniles were sighted as
late as October 14. Considering literature on P. muralis, this is extremely late in the
season (e. g. ROLLINAT 1934: July; ANGEL 1946: late July-early
September). Most
authors give an incubation period of 9-11 weeks and state that it highly depends on
temperature (ROLLINAT 1934, ANGEL 1946). COOPER (1958) studied this dependence
of temperature experimentally and arrived at incubation periods of < 7 weeks (with a
day and night temperature of 26.7" C) and > 5 months (with day temperatures of
18.3° C and night temperatures
of 12.8° C). This clearly demonstrates
the high
dependence of temperature and probably explains the late occurrence of juveniles in
Maastricht.
We determined the home range of those animals which were spotted at least 5 times
(minimum polygon method, see e. g. BROOKS 1967). For the aa (n= 16) we arrived at
25.0 + 18.0 m2 (range 5.1 - 62.5 m2) and for the (n (n = 7) at 14.3 + 19.0 m2 (range
2.2 - 54.6 m2). The difference in home ranges of öö and YY is not significant (t-test,
t = 1.29, P > .10). These home range sizes of 15-25 m2 correspond well with the
values known from more southern regions, e.g. WEBER (1957) gives about 15 m2 for
Southern Switzerland and BOAG (1973) gives an average of 23 m2 (range 6-42 m2) for
gg and of 26 m2 (range 10-52 m2) for öö in Central Italy (also without significant
differences between the sexes). We also calculated the range of activity as defined by
WHITE (1964). Then we did find significant differences between the sexes. The ranges of
activity, calculated after horizontal spreading, i. e. after the east-west and north-south
dispersion of the animals given in coordinates on a map of the study area, were 10.5
+ 6.4 m for the,3,3 and 10.6 ± 8.5 m for the Yy, but after vertical spreading on the walls,
i. e. after the data concerning the height of the points of every sighting, they were 1.8
The latter difference is significant (t-test,
+ 1.1m for theö ö and 0.9 ± 0.6 m for the
t = 2.22, P < .05). So the öö often occur on higher places on the walls. The maximum
height of occurrence on the walls had an average of 3.1 ± 1.8 m for the gg and of 1.6
+ 1.0 m for the Yy which is also a significant difference (t = 2.24, P < .05). Furthermore
we plotted the calculated home ranges on maps of the walls in order to examine to what
extent overlapping took place. Now we used the data of all animals we spotted at least
3 times. Table 3 gives a survey of these overlaps. The most striking detail of this Table is
the fact that a very large percentage of the home ranges of the Yy has a total overlap
with those of aa while there is hardly any total overlap for the $$ mutually.
turn out to overlap completely or
Furthermore in all cases the home ranges of the
partially that of a Ö, which cannot be said of the 01,3. Only BOAG (1973) gives data on
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Table 3. Frequency (in %) in which home range overlap occurs in Podarcis muralis

home range overlap for P. muralis. He found a a x a overlap of about 8% and a Y x $
was nearly 100%. Compared with our
overlap of about 18%, while the g x overlap
data his percentages of intrasexual home range overlap are low but the percentage of
intersexual overlap is high. This latter phenomenon is undoubtedly due to the fact that
in Maastricht there are home ranges of aa that lie completely isolated.
Only 3 times we saw a sudden migration of an individual over a distance of > 50 m,
once in the Lage Fronten and twice in the Hoge Fronten. This concerned only öö and
in one of these cases (in the Hoge Fronten) it caused exchange between two separated
colonies. These migrations can occur very rapidly, e. g. one S migrated 70 m in 90
minutes, another .3' 67 m in 65 minutes.
In order to obtain an insight in the food items of the lizards we collected, in July and
August, a number of faeces pellets, which are often excremented when manipulating
(measuring and weighting) them just after capture. In these pellets one can often
recognize remains of prey species. Table 4 shows a survey of the food items found. From
this list, which only gives a rough indication, it appears that P. muralis is not very
selective as far as food is concerned so takes what is available. The list comprises purely
terrestric animals and species that occur in wall cracks and holes as well as animals
living in the vegetation. The fact that the lizards also used the nearby vegetation for
foraging was established by us more than once.
Table 5 gives the frequency of recently broken or regenerated tails in adult lizards. In
total roughly 2 out of every 3 adults have lost their tail in their lifes. The differences
between 301 and gg and between the animals of the Hoge Fronten and of the Lage
Fronten are not significant (X'-tests, P > .30). Many authors use the frequency of
broken tails as a standard of the predation pressure, e. g. BOAG (1973). Only this author
mentions frequencies of broken tails for P. muralis (in Central Italy): 301 52.5%, YY
46.5%, total adults 50.7%. His frequencies are clearly lower than those found by us. We
suppose that our higher percentages do not reflect a higher predation pressure but a
mean higher age of our adults, which enhances their chance of a broken tail. In 1978 we
saw only 6 specimens with a recently autotomised tail. All these recent autotomisations
occurred in June and July (4 out of 6 even within one week in late June).
Only twice we saw ectoparasites on the Maastricht wall lizards. In both cases they
were mites of the species Ophionyssus lacertinus (BERLESE). This is interesting because
this mite has never been found on the other Lacertidae of the Netherlands (Lacerta
agilis and L. vivipara have Ophionyssus saurarum (OUDEMANS)) but it does occur on
Lacertidae in Southern Europe (e. g. Lacerta viridis and Podarcis sicula).

169
Table4. Determinableremainsof prey in faeces(ofJuly and August)of Podarcismuralis( x = several bits,
number of items unknown)

Table 5. Frequency(in

regeneratedor recently broken tails in adult Podarcis muralis

Discussion
As during the period the wall lizards were active on the Hoge Fronten and Lage
Fronten in Maastricht we also searched for them on all other places in the vicinity,
mentioned in literature as possible places of occurrence, and found none, we state that
the population in the Netherlands is only restricted to the animals of the Hoge Fronten
and Lage Fronten. On some places we did see Lacerta vivipara (also on old walls, e. g.
also on the Hoge Fronten!) and possible this species was wrongly taken for wall lizard
in the past.
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As a permanent marking system we used toe clipping. Eleven out of 65 animals
captured proved to have damaged toes when caught for the first time, so for this species
it is necessary to use a code in which more toes are involved. Most natural damages
occurred with the long second toe of the hind legs and we never found damaged inner
toes. We never saw regeneration of toes, as mentioned by ANGEL (1946).
The fact that the Maastricht wall lizards had in general a very dark belly colouration
might indicate that this population has already taken a very isolated position during a
long period. HERTER (1940) mentions an increase of such dark pigments in populations
that are more strongly isolated and smaller.
The age structure of the population and also the very retarded occurrence of the
juveniles indicate that this population probably has its problems with reproduction.
The period of activity of the Maastricht wall lizards does not differ from that of more
southern populations, it is true, but reproduction time is distinctly later and also the
incubation period of the eggs is most likely to be much longer. The secretive life of the
juveniles (e. g. ROLLINAT 1934, KRAMER 1938) might also in Maastricht indicate a
shorter incubation period than found by us, but the occurrence of juveniles in late July
or August as mentioned for France is certainly an impossibility here. Moreover the
fecundity of ?I is in Maastricht probably rather low. It is namely dependent on the size
of the
(e. g. ANGEL 1946) and on temperature (e. g. SAINT GIRONS & DuGUV 1970).
Our lizards proved to have smaller mean sizes than those in more southern regions.
Also the much slower growth of the Maastricht lizards has a similar effect. In their
studies on a mountain and a lowland population of P. muralis in France SAINT GIRONS,
and DUGUY (1970) could clearly show that the lower temperatures in the mountains
caused a strong fecundity decrease in the
The upper limit in the mountains was said
to be exclusively established by the impossibility to reproduce on higher places. The
same should apply for the northern limit of the distribution areas of egg-laying reptiles
(SAINT GIRONS and SAINT GIRONS 1956). The possible correlation between a good
reproduction success in Maastricht and extremely warm years in the Netherlands also
points in the direction of reproduction problems. This might only be compensated with
an increase of longevity. The fact that both adults of which we established the exact age
were 6th calender year animals, despite their size differences, might indicate a rather
high longevity for the Maastricht wall lizards. In this short study we could not estimate
natality and mortality rates but all data we collected point out that both must be low.
An increase of mortality for whatever reason (e. g. inconsiderate restoration of the old
walls with consequent loss of wall cracks and of hiding places in the vegetation on and
near the walls) will immediately result in a serious threat to the survival of this
population.
The determinations
of home ranges show that the size of home range of the
Maastricht P. muralis is equal to that of more southern wall lizards but that the overlap
is larger. This is probably an indication that the niche of this species in Maastricht is
spatially more restricted. Many authors (e. g. SAINT GutONS and SAINT GIRONS 1956,
VANDEN EECKHOUT 1956, PARENT 1978) state that P. muralis in the northern parts of
its distribution is much more restricted to warm, open and sunny rock boulders and/or
walls than in more southern regions. Therefore it is possible that locally higher
densities can be reached in the sequestered occurrence of small populations of P.
muralis in the northern parts of its distribution,
resulting in more home range
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overlapping. We do not believe that such relatively high densities with rather vast home
range overlaps cause the relatively high frequencies of broken tails found by us.
ROLLINA T(1934) states that territorial and other fights among wall lizards cause loss of
tails, it is true, but all recent tail losses we found took place outside the period of many
fights. In a large natural population of P. muralis WEBER (1957) never saw tail losses as
a result of mutual fighting. As stated above we suppose that our high broken tail
frequencies are rather an indication of a relatively high longevity for our lizards.
The list of prey items draws a picture of a random feeder. Most of the species preyed
on were abundant during the complete season and from that we conclude that food is
not a restrictive factor in the northern distribution of P. muralis.
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