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A large proportion of observed time was in fact spent basking,
particularly in July, according to the results of continuous
observations (687 of observed time; Figure 7.7).

Solar radiation on emergence was as a whole higher in Britain
(Avery & McArdle, 1973) than in Gibraltar. Microhabitat temperatures
in Gibraltar are within the voluntary range of the lizards throughout
the year from early in the morning., Starting at a relatively high
temperaturey less intense radiation will be necessary for an adequate
temperature to be attained, and it will then usually be relatively
easy to maintain. In late autumn and winter, morning temperatures

do fall below P. hispanica's voluntary minimum temperature. At

this time, emergence of lizards at Gibraltar is at levels of
solar radiation approximating those for emergence of L. vivipara
in Britain (Avery & McArdle, 1973).

In east-facing refugia adjacent to concrete basking sites
(such as the 'cross' site and N.E. Wall site), where body temperatures
can be raised more quickly due to rapid warming of the surface
(Figures 8.23 - 8.28), emergence appears to be possible at times
when levels of solar radiation are 16wer (Figures 8.23 to 8.27).
Thus in the examples of continuous observations in December and
January, emergence was at solar radiation levels averaging 2.7 J cm-zmin-l,
compared to a range of 3:8 to 4:0 J cm-2 min"1 obtained from the
transect data (Table 8.5).

Data from both captive and wild lizards in winter show that
emergence seems to begin at a refugium temperature (and presumably
body temperature) close to the critical minimum of 12:2°C and
below the voluntary minimum of 17-3°C - i.e., virtually as soon
as the lizards are able to move. Full emergence takes place after
the lizard has attained a temperature within its voluntary range.
Lizards then bask for a further period before proceeding on other
activities. On some cold winter days this phase appears not to be
reached and basking continues during most of the day.

Emergence, then, is possible at low body temperatures, allowing

the lizards to prolong activity time.
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Emergence seems to be triggered off by temperature, and
completed by light. Thus lizards warmed in the dark did not emerge
until they had attained temperatures under cover similar to those
acquired by basking during the initial stages of light emergence.
After lizards had finally emerged in the dark they could be attracted
by a beam of light from a torch. Lizards kept briefly in outdoor
vivaria in Gibraltar were seen to emerge during night-time when
a terrace light was switched on. This was seen in summer, when
night-time air temperatures were within the lizards' voluntary
range (2.1.3).

It would appear, then, that once the lizard body temperature
is within this voluntary range, emergence is effected as a response
to a light stimulus. From a consideration of Figures 8.29 and 8.30,
giving refugium temperatures in March and May, it would be expected
that lizards could emerge as early as 0800 hrs in March and 0730 hrs
in May. Figure 8.21 confirms this for March, and suggests this
may be so in May, assuming emergence could be earlier than when
first observed during transects.

Since environmental temperatures quickly rise to within the
voluntary range of the species during most of the year, emergence
can be soon after sunrise for all lizards. No difference was observed
in time of emergence of young and older P. hispanica. 1If the
sunrise is delayed due to an obstacle (e.g. on a west-facing wall
or slope), emergence would be expected to be almost immediately
after the sunlight reached the site. This was seen to be so.
Emergence in the species is independent of temperature when the
animals are warm enough to move, and provided there is light.

The level of solar radiation is probably important also - lizards

did not emerge on cloudy days even when, in summer, air temperatures

were within their voluntary range.
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8.5 Adaptation of P. hispanica to winter

The critical and voluntary minimum and maximum temperatures
were determined using lizards kept in conditions similar to those
in the field in winter. Since lizards will have an acclimation
range for these temperatures (Spellerberg, 1973), the estimated
values are probably lower than if they had been obtained from
lizards acclimated to other conditions. The method used to
obtain these temperatures will also affect results.

Bearing in mind the above limitations, it will be obvious
that the temperature relations listed in Table 8.1 will be most
useful in considering the activity of P. hispanica in the field
in winter.

Table 8.6 compares the critical minimum of P. hispanica with
those of other European reptiles. These temperatures were
determined in summer, so that they are expected to be higher than
winter critical minima. Spellerberg (1972b) found this to be so

in Sphenomorphus species in Australia. Of the values given in

Table 8.6, the .closest critical minima to that. of P. hispanica

(12~2°C) are those of Psammodromus hispanicus (8-8°C) and Podarcis

muralis (8+3°C), both Mediterranean species. Spellerberg (197¢)
suggests that within single species physiological races may exist
with different critical minimum temperatures , as appears to be

the case in Lacerta agilis. If this can be true for races, it

is conceivable that in the species P. hispanica, or specifically

in those in Gibraltar, there is in fact a high critical minimum
temperature. Being the southernmost population of Iberian Wall
Lizards, in a warm climate, could account for this,

The more ecologically meaningful temperature, however, is the
voluntary minimum (17-3°C). Lizards will not be active below this
temperature, SO that they will not be exposed to predators (or
continuing lowering temperatures) at the lower ecologically lethal
temperature (the critical minimum). Lizards were never caught in
the field at temperatures below 21-9°C (Table 8.1) and only once
did a lizard fully emerge in captivity at a body temperature below 21-2%C.

Thus, the critical minimum temperature, which will only be reached
9



Table 8.6
European reptile species (from Spellerberg, 1976).

Mean critical

Critical minimum temperatures of some western

Species minimum temperature Season n
(°c)

Anguis fragilis 40 summer 4
Lacerta agilis 59 summer 7
L. viridis 59 summer 6
L. vivipara 2:8 summer 4
Podarcis muralis 8+3 summer 4
P. sicula 73 summer 6
* P. hispanica 12.2 winter 7
Psammodromus algirus 7.0 summer 1
Ps. hispanicus 8.8 summer 2
Coronella girondica 50 summer 2
Natrix maura 40 summer 3

*data from this study

367
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once the lizard has submerged, is ecologically irrelevant.

Very low: ambient temperatures are rarely reached in Gibraltar
(2.1 ), with never more than a few hours below 0°C in several
years. The "emergence mortality' of Spellerberg (1976) in which
a reptile could be susceptible to high mortality as a result
of a sudden deterioration in weather conditions, is unlikely.

P. hispanica forage close to refugia in winter (5.2) and

have been seen to return to them within 15 minutes of the sky
becoming overcast, both in winter and in summer when 'Levanter'
conditions have suddenly developped.

P. hispanica in Gibraltar therefore need no adaptation to cold

stress, such as supercooling abilities, nor is it likely that

lizards in Gibraltar will die of cold, as L. vivipara in Britain

have been known to do (Spellerberg, 1976). Iberian Wall Lizards

kept captive in Gibraltar in winter survived a night when

temperature fell to 3°C in the vivarium for several hours. A

male accidentally placed in a constant-temperature room at 5°¢
survived at this temperature for 60 hours-without any apparent

111 effects. The ultimate minimum temperature then appears to

be considerably lower than the critical minimum and will allow lizards
to survive brief cold periods as do occur in the wild.

P. hispanica has a low mean voluntary temperature (30-8°C),

particularly in winter (25-1°C in December), which allows it to
be active when environmental temperatures are relatively low
(Figure 8.9). A reptile with a high critical minimum temperature,
in an environment with fairly warm winters when, even on the colder
days, solar radiation and environmental temperatures may be enough
to allow foraging at a time when food is fairly abundant (7.4),
will be at an advantage if, by having a lower minimum voluntary
temperature, it can emerge and feed at mean body temperatures
below the annual mean. This will be preferable to remaining in
or just autside the refugium, using up energy in metabolism, but
unable to replenish it by feeding.

Spellerberg (1976) believed reptiles adapt to the cold by
modifying voluntary temperature levels and range. Lizards of colder

climates 'switch-off' in winter and avoid the coldest weather,



exceptionally emerging on the warmest days to the entrance to their

refugia. P. hispanica at Gibraltar cannot hibernate, since

temperatures remain relatively high, and must adapt themselves
to the cool conditions of the winter. This may account for
the low voluntary mean temperature. It may in this way also
compromise high summer activity temperatures, restricting its

summer activity to a few hours, morning and evening.
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8.6 Principal Components Analysis of transect data

8.6.,1 Introduction and method

Principal components analysis transforms data. Each
measured variable will have a variance, and usually variables
will be associated with each other so that there will be a covariance
between pairs of variables. The data set as a whole will have a
total variance which is the sum of the individual variances.
According to Daultrey (1976), in Principal Components Analysis
(PCA) data are transformed to describe the total variance with
the same number of axes, the same number of variables, but in
such a way that:

the first axis accounts for as much of the total variance

as possible;

- the second axis accounts for as much of the remaining
variance as possible, whilst being uncorrelated with the
first axis;

- the third axis accounts for as much of the total variance
remaining as possible, after that accounted for by the
first two axes, whilst being uncorrelated with either;

- and so on.

The result is that a few large axes account for most of the
total variance, and a larger number of small axes account for
very small amounts of the total variance. This reduces the data
set from having many correlated variables to a set having fewer
uncorrelated axes,

Of ten the most useful result obtained from the analysis is
the possibility of determining the relationship of the principal
components to the original variables - i.e., which of the axes
of variability contributed most variance to each of the principal
components. Each scored value is given co-ordinates on the new
axes, allowing them to be plotted in relation to these.

Program HCD:PCA, Forestry Department, Oxford, was used to

carry out principal components analysis on the transect data

collected at North Front Cemetery.



Table 8. 7 Seventeen variables included in Principal Components

Analysis of P, hispanica observations from North Front Cemetery.

Variable

(i) Date

(ii) Time

(iii) SVL

(iv) Height

(v) Air temperature

(vi) Surface angle

Description/score

December/January
March/April/iay
June/July
August/September

October/November
- Table 8. -

<.30 mm
30 mm / 40 mm
40 mm
40 mm - 50 mm
50 mm +

Ground
10 mm
15 / 25 mm
30 / 40 mm
50 / 60 mm
70 mm +

24+0
2649
29-8
327
35+6

211
2441
2740
29+9
3248

Flat

o

slope <45
o

slope =45

slope >45°

vertical

C

(G I o S N " v B W =2 O [ oV U W
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Table 8,7 (contd.)

(vii) Horizontal orientation

(viii) Vertical orientation

(ix)

(x)

(xi)

(xii)

(xiii)

(xiv)

Variable

Limestone/Marble

Concrete

Wood

Other surface

Exposure

Sky cover

Description/score

Vertical

facing sun

facing < 90° to sun
facing 90° to sun
facing )90O to sun

facing away from sun

Horizontal

vertically up

angled upwards
parallel to horizontal
angled downwards

vertically down

No

Yes

Yes

No

Yes

No

Yes

In open
in mosaic

in shade

Clear
partly cloudy

Overcast

wmO~ W N O

w S~ W Ny = O

o
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Table 8.7 (contd.)

Variable Description/score
(xv) Foraging No 0
- Yes 1
(xvi) Basking No 0
Yes 1
(xvii) Other activity No 0

Yes 1



Table 8.8 Scoring codes used for times of day in Principal

Components Analysis.

Times (hrs G.M.T.)

Code January riarch April May
1 0730-0930 0630-0855 0550-0825 0515-0805
2 0930-1130 0855-1120 0825-1100 0805-1055
3 1130-1330 1120-1345 1100-1335 1055-1345
4 1330-1530 1345-1610 1335-1610 1345-1635
5 1530-1730 1610-1835 1610-1845 1635-1930

Times (hrs G.i.T.)

Code June July August September
1 0505-0800 0515-0805 0540-0820 0605-0835
2 0800-1055 0805-1055 0820-1100 0835-1105
3 1055-1350 1055-1345 1100-1340 1105-1335
4 1350-1645 1345-1635 1340-1620 1335-1605
5 1645-1940 1635-1925 1620-1910 1605-1835

Times (hrs G.M.T.)

Code October November December
1 0630-0845 0700-0900 0725-0920
2 0845-1100 0900-1100 0920-1115
3 1100-1315 1100-1300 1115-1310
4 1315-1530 1300-1500 1310-1505
5 1530-1745 1500-1700 1505-1700

374
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Seventeen variables were measured and coded as shown in

Table 8.7 for 319 observations of P. hispanica, made during

transects, in which all the variables had been recorded.

Scoring values of variables have generally been attributed
to data subdivisions similar to those already used elsewhere.
In addition time of day has been subdivided into five equal
periods of time between sunrise and sunset for the 15th of each
month (Table 8.8). 1In a similar way, the range of observed
air temperatures (21:1°C - 35.6°C) has also been divided into
five.

The PCA was repeated using 104 data from the months of
August and September. The date variable (i) was obviously
excluded from this analysis. The analysis was carried out
since a good number of observations were available from this
period. Also, since most observations of lizards at this time
were on the ground, the analysis would reduce somewhat the
effect of variables (vi), (vii) and (viii) which, like variable
(i), scored highly in the main components of the first analysis
(8.6.2).

8,6,2 Results and discussion

Table 8.9 gives the absolute values of the component loadings
for the first three components of the first analysis.Table 8.10
gives the relative loadings for the first four components
of this analysis. Tables 8.11 and 8.12 give similar results
for the August/September data.
These coefficients can be used to interpret the meaning
of the components, using the sign and relative size of the
coefficient as an indication of the weighting to be placed on
each variable in the four indices of variability (Jeffers, 1978).
The first component of the first analysis using the 319
observations (Tables 8.9 and 8.10) is essentially a contrast
between surface angle and actual vertical orientation of the
lizards with their angle to the sun. It represents a measure
of the posturing of the lizards, of 'verticality' and facing

towards the sun. The second component is an index of the
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Table 8.9 Component loadings of seventeen variables for 319

observations of P. hispanica at North Front Cemetery, Gibraltar.

Component

Variable I II 111

(i) Date -0-1303 06007 D254
(ii) Time -0-095¢4 03256 -0:0267
(iii) SVL 0-0981 -0+2620 -0+1048
(iv) Height 0+2083 0+3055 0-0846
(v) Air temperature -0.0000 0.0879 -0+1776
(vi) Surface angle 0-7052 -0-0663 0-0735
(vii) Horizontal orientation -0+3189 -0.5821 06227
(viii) Vertical Orientation 05635 -0-1113 03961
(ix) Limestone/Marble -0-0163 0-0501 0-0162
(x) Concrete 0.0373 -0:0327 -0-0224
(xi) Wood -0.0202 -0.0003 -0-0034
(xii) Other surface 0+0002 -0:0182 0.0113
(x11i) Exposure 0-0062 -0.0226 -0-0142
(xiv) Sky cover 00477 -0-0574 -0-0852
(xv) Foraging -0-0018 -0+0032 -0+0026
(xvi) Basking 0+0007 -0+0039 -0-0039
(xvii) Other activity 0-0011 0+0071 0-0065

VARIANCE EXPLAINED : 34+ 27, 13+3% 10«67



Table 8,10

Variable

(i) Date

(i1)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)
(xv)
(xvi)

(xvii)

Time

SVL

Height

Air temperature

Surface angle

Horizontal orientation

Vertical orientation

Limestone/Marble
Concrete

Wood

Other surface
Exposure

Sky cover
Foraging

Basking

Other activity

VARIANCE EXPLAINED

-01347
-0+1353
01391
023953
-0+0000
1-0000
-0+4522
0-7991
-0-0231
0-0528
-0-0286
0-0003
0+0087
0-0677
-0+0025
00010
0.0015

3427,

for 319 observations of P.hispanica at North Front Cemetery.

Component
11 111

1-0000 10000
0+5420 040427
~0-4361 -0+1675
0+5085 0+1352
0-1444 -0+2839
~01104 0+1176
-0+9690 0-9958
-0-1852 0+6334
0-0834 0-0259
-0+0544  -0-0359
-0-0006  -0-0055
-0+0302 0-0180
-0+0377 -0-0228
-0-0956 -0+1363
-0+-0054 -0-0041
-0-0065 ~0-0062
0-0119 0-0103
133% 10+ 67

377

Relative component loadings of seventeen variables

v

-0-0139
04327
0-8468
0- 6591
1-0000

~-0:0906
03764

0-0228
00454

-0-0609
0.0188
0+0025
0-0049
0-0380

-0-0000

-0-0067
0-0067

8'5)9
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Table 8,11 Component loadings of sixteen variables for 104

observations of . hispanica in August/September at North Front

Cemetery, Gibraltar.

Component
Variable 1 11 111

(i) Time -0+1969 -0:4108 0-7616
(ii) sSvL -0-0840 04475 00629
(iii) Height 01661 0+0496 04394
(iv) Air temperature -0-0783 -0-0774 0+ 2008
(v) Surface angle 0-6957 0-0791 0.0201
(vi) Horizontal orientation -0+3944 07106 02411
(vii) Vertical orientation 05220 0-3214 0-3389
(viii) Limestone/Marble -0-0075 0+ 0404 0.0027
(ix) Concrete 0.0163 -0-0622 00561
(x) Wood -0-0184 0-0216 -0+0146
(xi) Other surface 0.0096 0-0002 -0+0441
(xii) Exposure 0-0013 00430 -0+0057
(xiii) Sky cover 0+0840 0+0139 0.0051
(xiv) Foraging -0-0086 -0+0048 0-0192
(xv) Basking -0-0101 -0-0016 -0-0503
(xvi) Other activity 0-0187 00064 0-0311

VARIANCE EXPLAINED : 32+9% 164, 13+ 3%,



(1)
(ii)
(111)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)
(xii)
(xiii)
(xiv)
(xv)

(xvi)

Table 8,12

Relative component loadings of sixteen

variables for 104 observations of P hisganica in

August/September at North Front Cemetery, Gibraltar.

Variable

Time

SVL

Height

Air temperature
Surface angle
Horizontal orientation
Vertical orientation
Limestone/Marble
Concrete

Wood

Other surface
Exposure

Sky cover

Foraging

Basking

Other activity

VARIANCE EXPLAINED

1

-0+2830
-0+1208
02388
-0+1125
10000
-0+5669
0. 7504
-0-0108
0-0434
-0-0264
0-0138
0-0019
0-1208
-0-0124
~0+0145
0-0269

32497

Component

11 I11
-0+5780 1-0000
0+6297 0-0826
0+0698 05770
-0+1090 02637
0-1113 0-0264
1-.0000 0-3165
0+4523 0+ 4450
0-0569 0-0035
-0-0875 00736
00303 -0-0192
00003 -0-0579
00605 =-0-0075
0-0196 0-0067
-0+0067 0-0252
0.0023 -0-0661
0.0090  0-0408

1647 13+ 3%

1V

-0+2626
08770
10000

-0-0935

~-0-2658

-0-5889

-0+3914
0+1145

-0-0105

-0+0243

-0-0798
0-0530

-0-0793

-0-0082
0-0025
00057

11-7%
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time of year contrasting with angle to the sun, with height
and time of day also contributing positively. Again posturing
appears important here. (The component contrasts progression
through the year with increase in lizards facing away from the
sun,) The third component combines time of year with horizontal
oreintation. The fourth component represents air temperature,
snout-vent length and height above the ground. Most of the
other variables score close to zero and contribute little over-
all to the lizard..observations,

The analysis suggests that a limited number of variables is
sufficient to account for the major variability in the

observations of P. hispanica at North Front Cemetery. In this

case four components account for 66-67 'of the total variability.
It is not easy to interpret the components in environmental
terms, particularly in components 1 and 111, since the
relationship between time of year and angle to the sun is
somewhat abstract. However it appears that posturé is important

in P. hispanica and that the nature of observations in terms

of the variables measured varies during the course of the year.

The first component in the analysis of the summer data,
as given in Tables 8.11 and 8.12, again combines surface
angle and vertical orientation contrasting these with horizontal
orientation. Once again this component is a measure of
'verticality'. The second compoment, with the date variable
now removed, is describing the general trend of correlation
resulting from horizontal orientation, SVL and vertical
orientation. Again this component contains a large.element of
posture. variables.

The third component contains most influence from time of
day, height above ground and vertical orientation (again).

The fourth component essentially combines height and
SVL contrasting this with vertical orientation.

Together these first four components account for 74-37%
of the total variability for these data. The importance of

posture in P. hispanica observed is again highlighted in these

summer data, this time together with height above ground and

SVL. Most of the other variables gave scores close to zero.
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The importance of the posturing of P. hispanica in the

transect data stresses the importance of basking and therefore
thermoregulation in the species, at least in those lizards

seen during transects.
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8.7 Metabolism

8.7.1 Introduction

Work on metabolic rates in reptiles has been building up
gradually in recent years (e.g., as reviewed by Bennett & Dawson,
1976). There has been considerable discussion on the conditions
necessary in order to standardise values determined experimentally.
Discussion has also been considerable on the significance of the
different metabolic rates and how these are affected by temperature
(e.g. Aleksiuk, 1971) and by time of day and body weight (e.g.,
Cragg, 1978a). Studies have included measurement of metabolic rates
of resting fasted lizards (Cragg, 1978a) as well of unrestrained ones
(e.g., Avery, 1971).

Diurnal observations on animals resting in the dark have
generally been used as the comparative base for Standard Metabolic
Rate (SMR). SMR was measured in these conditions at temperatures

encountered by resting lizards in the field.

8.7.2 Methods

A Noyoné Diaferometer , an open system respirometer produced
by Kipp and Zonen, was used to measure oxygen consumption. In this
system a steady stream of air is pumped continuously through the
metabolic chamber and the diaferometer. The operating principles
are summarised briefly below.

when a stream of gas passes over a heated platinum wire
(if the temperature is low enough to render radiation losses negligible)
the cooling of the wire depends on the thermal conductivity of the
gases in the stream - for example, carbon dioxide has a thermal
conductivity ten times greater than oxygen., If the.current is held
constant the electrical resistance of the wire as it cools can be
detected with a galvanometer, as a change in potential difference.

The diaferometer has four channels - two for detecting
carbon dioxide and two for the detection of oxygen. The system is
comparative: the oxygen in the room air is compared with the

oxygen in the respired air and similarly room carbon dioxide is
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compared with that in the respired air.

In practice voltage changes were read from the inbuilt
galvanometers, at one minute intervals for four minutes per
channel. The galvanometer readings (on a millimeter scale) were
plotted against time as on the sample graph (Figure 8.31).

The diaferometer was first adjusted to draw room air
through all four channels, thus comparing room O, with room

2
0. and room CO, with room CO,. When readings became stable, the

diaferometer wis adjusted sozthat room air passed through two
channels and respired air through the other two. For alternate
four minute intervals the galvanometer readings for the base lines
for O2 and CO2 and for the respired air were recorded. The

deflections thus obtained represented the O, decrease (ékoz) and

the CO2 increase (£3C02) in the respired aii. Using the appropriate
correction factors, these deflections were converted to actual
values of oxygen consumption.

The diaferometer was set up in a draught-free constant
temperature room., Lizards which had been kept for at least two
months in vivaria with conditions simulating those found in the
field in late spring were used in the experiment. Only adult male
lizards which were the largest and of which most were available
were used. All lizards used were in a healthy condition and had
not fed for twenty-four hours.

The experimental animals were placed in a small chamber
(c. 225cm3) which was air tight. This chamber contained a stone
under which the lizard invariably withdrew after some exploratiom.

‘The chamber was then placed in a blackened tank and connected to
the diaferometer. Once the lizard had been at rest for one hour
the recording of readings commenced.

Several problems were encountered with the equipment. Other
electrical equipment in the vicinity sometimes resulted in large
deflections of the galvanometer. Difficulty with temperature

control also limited experiments and resulted in some data having

to be discarded.
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In the end, data on a total of 49 experiments on six lizards
were accepted. These were: 1 at 8°C; 4 at 9°C; 1 at ZO-SOC;
2 at 21°C; 4 at 21-5°C; 9 at 22°¢C; 3 at 23°%C; 1 at 24-5°C; 2 at 25°C;
2 at 25-5%C; 10 at 26°C; 8 at 28°C; 2 at 29°C.

In order to facilitate interpretation of data, the results
were grouped into 8 - 9°C; 20-5 - 21-5%°C; 22 - 23%C; 24.5 - 25.5°¢;
26%c; 28 - 29°c.

8.7.3 Results

The scatter of points of SMR against the temperature in the
chamber (assumed to be equal to lizard body temperature) is shown
in Figure 8.32. There is an overall increase in SMR between the
low temperatures (8°C and 9°C) and the higher temperatures. The
regression line is shown in Figure 8.33 and the correlation is
significant (r = 0-5073; P<0.01). When the mean results for the
grouped data (Table 8.13) were plotted (Figure 8.33), there appeared
to be two inverse translations of the metabolic rate curve after
the mean values of the 20-5 - 21-5°C and 24+5 - 25.5°¢C groupings.
Because of the great range of results, which may have been due
to different levels of activity of the lizards within the shelter
of the provided stone, the maximum and minimum rates recorded for
each temperature grouping were also plotted on Figure 8.33. The
maximum graph shows peaks at similar points to the mean graph.
The minimum graph, however, which may reflect the true resting
metabolism, showed a peak at the 22°%¢c .- 23°¢ grouping, a low
at the 24-5°C - 25.5°%C grouping, and an increase above this
temperature. Even if the reversals in the slope were not real,
all three curves suggest a levelling off of oxygen consumption
as the mean voluntary temperature is reached (Jacobson & Whitford,

1970).
Aleksiuk (1971) found that in Thamnophis, although there was

great variability in the overall curve of SMR against body temperature,
in particular in the position-of a shift (or shifts) in oxygen
consumption, each individual had a characteristic curve. Individual

curves have been plotted for lizards O1 and 06 in Figures 8.34
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Table 8.3 Mean standard metabolic rates (SMR) of P. hispanica at

different temperatures.

Temperature Mean SMR S.D. Range n
(°c) (cm302g-1hr-1) (cmBOZg-lhr-l)
8+0~ 9-0 0-071 0-042 0.034-0-134 5
205-21-5 0.328 0150 0.106-0+550 7
22+0-23-0 0+242 0-065 0133-0:360 12
24+5-2545 0569 0.271 0-063-0:610 5
26+0 0-284 0.137 0-098-0-471 10

28+0-29+0 0+234 0+097 0+113-0-424 10
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Table 8,14 Values of the Respiratory Quotient (RQ) of P. hispanica.

Temperature mean
grouping RQ S.D. n range
(°c)

All lizards 0+53 0-51 49 0:02 - 2+44
8.0 - 9-0 0-74 0-98 5 0:06 -~ 2+44
205 - 21+5 0:42 0«44 7 0+14 - 1-35
220 - 23-0 0-53 0-33 12 006 - 1-18
245 « 2545 0+85 0-91 5 0402 - 2-16
260 0+40 0-41 10 009 - 1-32
280 - 29-0 0-48 027 10 0«16 - 0-88
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and 8,35. The curves differ considerably, although in both cases
there is a drop in SMR after an initial increase and, noticeably
in the case of 01, a levelling off of the curve above 22-5OC.
Values of SMR ranged from 0034 to 0-610 cm302g-1hr-1, within
ranges published by other workers for reptiles (see 8.7.4).
Table 8,14 shows mean values of the Respiratory Quotient
(RQ) for all the 49 determinations and for each of the temperature
groupings. The mean value was 0:52 (S.D, = 0-53) with a large

range from 0024 to 2:436. The highest RQ value was for the 245 -

25.5°¢C sample (0-85; S.D. = 0+91) and the lowest for the 26°¢C sample

(0+403 S.D. = 0-41).

8.7.4 Discussion

Several factors may have contributed towards the large range
of values of SMR obtained at the different temperatures. The
possibility of different levels of activity of the experimental

lizards has already been mentioned. Circadian cycles have also
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been known to affect oxygen consumption (Roberts,1968a,Gratz & Hutchinson

1977). This effect is lost in continuously dark conditions in

certain species (e.g., Lacerta vivipara, L. viridis; Cragg,1978a).

The experiments on P. hispanica were carried out between 0900 and
1600 hrs, so a range of values was possible. Bartholomew (1972)
states that there will be fluctuations in metabolic rates if the
lizard is under thermal stress, a condition which is probably only
totally avoided when the lizard is close to its preferred body
temperature (Cragg, 1978a).

The different values obtained for SMR (Figure 8.32) fall
within the range of published values for reptiles (e.g., Bennett
& Dawson, 1976) and have a similar range to those values given

for Acanthodactylus erythrurus by Pough & Busack (1978), and

perhaps more important for P. hispanica by Patterson & Davies
(1978). This suggests the variability is probably real, and not

due to experimental error.

may indeed be values of metabolic rate for more active lizards, the

minima representing those of resting lizards.

It also suggests that the maximum result



Avery (1971) obtained metabolic rates of unrestrained

. 3 -1, -1 ¢ 3 -1 -1 NI
L. vivipara of 0-1l5cm 0, & hr = at 10 C; O-4cm 0,8 hr = at 20°C
3 1

and O0+75cm

Ozg-lhr- at 3OOC (approximately). In the present

study the following were the maximum values for metabolic rates
for P. hispanica at temperatures close to these; 0-13cm307g_1hr-1
at 8 - 9°¢; 0+55cm> 1 at 2045 - 21-5°C and o-azcm3ozg'lhr’

3. =1 -1

at 28 - 29°C (maximum values at 24+5 - 25-5°C was 0-6lcm 0,8 hr ).

-1 - 1
Ozg hr

Bartholomew and Tucker (1964) obtained values as high as

O-9cm302g"lhr-1 in Uta stansburiana, The elevated values of

metabolism obtained for P. hispanica may have been due, then,

to the failure of animals to reach standard conditions in the course
of the experiments (Bennett & Dawson, 1976).
The minimum values in this study compare with those of summer-

acclimated P. hispanica given by Patterson & Davies (1978) as
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follows:
Metabolic rate (cm302g-1hr-1)
Temperature(oc) Minimum: this study Mean:Patterson & Davies (1978)
80 - 9.0 0-03
10 0025
20 0-12
205 - 215 0-1
25 0-18
28+0 - 29-0 0-12
30 0«2

Standard metabolic rate is related to the weight of the lizard and is

lower the heavier the animal. (Cragg (1978a) found the relationship
for 1 day-starved Lacerta at 30%¢C to be O-328w0.756). Bennett &
Dawson (1976) present a list of metabolic rates of the variety of
lizards at different temperatures. As would be expected, the levels
closest to those recorded in this study for P. hispanica (mean

weight = 4+19g) are those of the smallest lizards.



Thus, at 20°C (metabolism for P. hispanica at 20:5 - 21:5°C =
0-1, 0.3, o-5<;m302g'1

hr ~, minimum, mean and maximum values

respectively), values for Anolis carolinensis (4+5g) and

Scincella lateralis (1-0g)were 0-11 and O-lZcmBOzg-lhr-l respectively.
o)
At 30 °C (results in this study were: minimum = 0-12; mean = 0-23;

3 21w
maximum = 0<42cm Ozg 1hr 1 at 28 - 29°C) values given by Bennett &

1

3 - -
Dawson (1976) were (in cm Ozg 1hr ); 019 for A. carolinensis,

0-31 for S. lateralis, 0-16 for Sceloporus graciosus (5-:0g),

0+17 for U. stanburiana (3-0g),0:13 for Xantusia vigilis (1-1g)

and Eumecis fasciatus (7-0g). (A. carolinensis has a preferred

o .
temperature of 31 C, similar to the voluntary mean temperature

of 30-8°C of P. hispanica.)

It has been noted above that there is a levelling off of
increase in metabolic rates with temperature above about 20°c.
Jacobson & Whitford (1970) suggest that the levelling off of

oxygen consumption they observed in Thamnophis proximus may be

"the results of reduced locomotor activity as the preferred
body temperature is reached”. The rapid increase in metabolic
rates upto about 20°C will allow activity levels to be reached
quickly and maintained (possibly with a drop towards higher
temperatures) throughout the lizard's voluntary range.

There appears also to be a shift in the metabolic rate
curve around 20 - ZSOC, both overall (Figure 8.33) and for
individual lizards 01 (Figure 8.34) and 06 (kigure 8.35). The
reversals in slope are similar to those observed for

Thamnophis by Aleksiuk (1971). Tromp & Avery (1977) also

reported a shift in L. vivipara metabolic rates between 15 and
20°c. Bartholomew & Tucker (1963) found that in Amphibolurus

barbatus the peak metabolic rate was recorded at 20°¢
(0-299cm302g-1hr-1) with a drop after this. The authors believed
this pattern was useful in allowing lizards at this temperature
to actively seek out areas in which they could reach eccritic

temperatures and to avoid enemies. The same phenomenom may be

33k



reflected here. In addition, a peak at the lower end of the
range of activity temperatures (Table 8.1) may allow food digestion,
growth and gestation to take place while lizards are in shelter
(Aleksiuk,1976).

Figure 8.32 shows a high metabolic rate value at 9°C, of
0-13cm302g-1hr-1. If this is due to activity of the lizard at
this low temperature it shows an impressive ability to sustain

metabolism at low body temperatures.Pough & Busack (1978) suggested

a similar phenomenon in A. erythrurus. Whether due to a shift or

a plateau, -the possibility of having high metabolic rates at low
temperatufes is a valuable temperature dependent method of
metabolic compensation which offsets the depressive effect of low
temperature on metabolism (Aleksiuk, 1971). Plateaux occur in
thermal ranges over which animals are normally active in nature
(Bennett & Dawson, 1976).

A rapid reduction in metabolic rate below a lizard's voluntary
range will be advantageous since it will minimise expense of
energy when in shelter before emergence and during cold weather.

Classical cold compensation by acclimation, as Patterson &
Davies (1978) found in their P. hispanica, may not be necessary
if preferred body temperature can be maintained through the year.
An instantaneous method would be more adaptive, especially if the
predictability of low temperatures in the environment were low.
Thus, while preferred body temperature (reflected in voluntary mean
temperature) can be maintained through the year in Gibraltar
(except, apparently, in December; Figure 8.4), cool conditions can
arise unpredictably at any time of year with the onset of the
Levanter ( 2.1.3 ). The onset of cool weather could immediately
induce a cold-compensated state (Aleksiuk,1971), as opposed to
what is the case in the majority of poikilotherms where compensation
takes days or weeks to appear (Bullock, 1955; Fry, 1958). The

onset of warm weather would "rurn off'" the cold compensated state

(Aleksiuk, 1971).
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Night temperatures in the summer in Gibraltar (2.1.3), and
in the vivaria in which the experimental lizards were kept in Oxford,
were in the low twenty degrees Centigrade range. It was around
these temperatures that the 'troughs' in the metabolic rate vs
temperature graph occurred. These troughs, if characteristic
of the lizards, could allow a drop of metabolic rate at night
which might not otherwise be possible. Lizards handled at night
at these temperatures were indeed lethargic (unless light was
shone on them : 8.4.4),

The ability to be active at low temperatures, whether or not
sustained by a metabolic shift, will be a valuable feature of a
lizard's physiological adaptation (Pough & Busack, 1978), allowing
activity and reasonable levels of metabolism to persist through
the winter and permitting lizards to emerge at low ambient
temperatures (8.4). 1If,in addition, a lizard can reduce metabolism
at times of inactivity when temperatures are still within the lower
range of its voluntary range, it will be able to save energy
at a time when food is scarce. These two adaptations will
contribute to the success of the species in the climatic conditions

of Gibraltar.

8.7.5 Respiratory Quotient (RQ)

The number of molecules of carbon dioxide produced divided by

the number of molecules of oxygen consumed during respiration is
called the Respiratory Quotient, RQ. According to Bennett & Dawson
(1976) a resting, fasting reptile should have an RQ of about
0-7; higher values being found in reptiles equilibrating to high
temperatures, lower values in those equilibrating to low temperatures.
Cragg (1978a) considers that low values may be a result of leakage
of carbon dioxide in closed circuit respirometry.

In mammals, an RQ of 0+7 is indicative of fat metabolism,
0.82 of protein or mixed diet, and 1°0 of carbohydrates (Mountcastle,

1974). 1In uricotelic animals, RQ for protein metabolism is also

close to 0«7 (Roberts, 1968b). The lizard diet of mealworms
corresponds to a mixed/protein diet, and RQ should approximate to
0-7 (Cragg, 1978a). Anaerobic metabolism can also result in a

higher value of RQ (Mountcastle, 1974).
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The range obtained in this study (0-02 - 2-44) is greater
than that of 065 to 1-46 given by Bennett & Dawson (1976), and we
must look at another possible source of error. Values of carbon
dioxide and oxygen exhaled and inhaled over short time periods may
not represent exactly the ratios in which they were used and
produced in respiration.

It appears that the RQ measured in this study was somewhat
bogus. lortunately admission of error in RQ figures does not throw
doubt on the accuracy of the oxygen consumption values, since it

is well accepted that CO, output is an unreliable indicator of

2
metabolism since, for example, it can be retained dissolved in

the blood (e.g., Hall, 1924; Kayser, 1940) and then released.
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9 DISCUSSION

9.1 Summary

The data presented, the results and the discussions in the
preceding chapters allow ccrtain conclusions to be drawn.

It is clear, for example, that for lizards at Gibralter,
stress due to extremes of temperature, in particular low
temperature, is almost totally absent. Thus, although inclement
weather can occur and restrict activity at all times of year
(by reducing solar radiation), favourable weather which allows
lizard activity can also occur throughout.

Lizards behave in such a way as to maximise activity time.

P. hispanica in Gibraltar do not hibernate, and in winter can

be active at lower body temperatures than during the rest of the
year, allowing activity in microhabitats which are also cooler.
Activity is unimodal in winter and bimodal in summer. In summer,
activity starts earlier in the day and at lower levels of solar
radiation than during the cooler times of year, since restriction
in activity is greatest in the middle of the day at this season.

P. hispanica temperatures correspond closely to those found

in their environment throughout the year. The lizards appear to

be able to thermoregulate well, and in various ways. Warm surfaces
are chosen when temperatures are lower or when the sun is temporarily
obscured. Lizards are seen to shuttle between open sunlight and

the shade of vegetation. Posturing seems to be of particular
importance . It may serve both to maximise energy uptake on

warming and to reduce this when lizards want to remain exposed.

The different reflective properties of the scales of P. hispanica
may well play a part in this temperature control.

The small size of the Iberian Wall Lizard may be particularly
significant in thermoregulation since small lizards can control their
temperature by minor adjustments in behaviour (Norris, 1967). Larger
lizards fail to regulate since factors tending to produce additional
heating once preferred temperatures have been reached (e.g.,
metabolism, failure to dissipate heat) remain strongly predominant
(Norris, 1967). Conversely, there will be resistance to quick
uptake of heat when cold. Small lizards on the other hand are

thermolabile, allowing finer control of temperature.
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The success of temperature control in P. hispanica is

suggested by the fact that mean body temperatures vary only slightly
in the course of the year (except, in those sampled, in December) -
which may suggest that the lizards are usually well nourished (Lee,
1980). Indeed, if the ratio %f-WETEHY / SVL is taken as a
comparative measure of lizard condition, it is true to say that
the data suggest little variation in this through the year.

Activity throughout the year means exposure to predators
through the year also. The angular colour effect observed in this
lizard, which may be useful in thermoregulation, can also have

a role to play in predator-defence.

Adult lizards are most evident at the start of summer, Hatchlings
appear during the second half of that season and, provided food is
available, can grow quickly. Sexual maturity is reached in the
first summer and mating is possible then. Growth will probably
depend on the productivity of the lizard's environment (captive
lizards with superabundant food grow more quickly than wild ones).

The productivity of the habitat as a whole changes seasonally.
In summer invertebrates are scarce except in localised areas,
and lizards tend to congregate there. As food becomes gradually
more plentiful and temperatures lower, congregations will tend
to be encountered in areas with suitable refugia. At these:
times, aggression is minimal. As spring approaches, the lizards
will spread more evenly through the habitat, now more productive,
into areas where low vegetation provides foraging ground and there
are outcrops for basking. The actual amount of basking decreases,
while 'sit and wait' behaviour becomes more prominent. Aggressive
behaviour also grows in impor tance, particularly between adult
males. At the same time, appeasement behaviour (waving) is more
often recorded, allowing females and young males to live within
the larger home ranges of the fully-grown males. Females, while
remaining in the habitat, become less obvious during the breeding

season and are markedly less prominent in the transects.
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P. hispanica are opportunistic feeders. They can feed on a

wide range of invertebrates below 10 - 15mm- in length. These seem
to be those most frequent in their habitat. The food resource

available to P. hispanica is therefore greater than if it were a

specialist., Aggression occurs when there is competition for
resources (Stamps, 1977)., The broad food niche may contribute
towards reducing aggression when lizards are congregated.
Intraspecific competition for food resources is probably
reduced as a result of sexual dimorphism in head size (not in head
shape). Schoener (1977) suggested that active foragers are more
dimorphic than sit-and-wait specialists. (Indeed, in Gibraltar,

T. mauritanica is almost exclusively a sit-and-wait feeder, and

appears to show no dimorphism.) Partitioning between sexes

should, according to Schoener (1977) be mainly with regard to

macro- and microhabitat, and also to daily and seasonal activity.

In fact, differences between male and female P. hispanica in

Gibraltar are not many. In spring, females are more secretive and

appear to spend more time in denser vegetation, however,
Adult/juvenile differences are predicted by Schoener (1977) to

be mainly in food type and also in microhabitat. 1In P. hispanica

there are differences in the use of heights - juveniles use the
ground more than adults - which may reflect such a difference.
However, it is more likely that the ability of juveniles to eat
smaller food, and the limited activity of adults at most times of day
in the summer is more important.

Variability in a species is expected to be greatest where the species
occurs on its own (Lister, 1976). Unfortunately variability in
P. hispanica, although considerable in the morphometric data,
cannot be compared to that in other areas due to lack of published
work.

There is some evidence, however, of a shift in habitat of
P. hispanica in the presence of Ps. algirus. Thus the hindleg/foreleg
ratio of P. hispanica is somewhat lower in the presence of Ps. algirus

than when it occurs alone. The wall lizard also climbs more in

habitats where it occurs with the Psammodromus, which in Gibraltar




seems to be much less arboreal and ‘to use the ground more than
elsewhere. Similar shifts have been observed to occur in other
lizard species ( e.g., Jenssen, 1973), Conversely, we can
interpret the observations as representing a spread of P, hispanica,
in the absence of competitors, into microhabitats from where

they are generally excluded. The heads of P. hispanica are longer

in relation to snout-vent length in the presence of Ps. algirus.
Although larger heads will tend to make these lizards more
similar to Ps. algirus, they will also incresse the maximum size
of prey and effectively increase the amount of food available
to the species.

The amount of time spent foraging, basking and in other

activities by P. hispanica will depend not only on food requirements,

but also on thermal conditions. Basking will be less frequent
and for shorter periods when it is warmest. In some cases,

sit-and-wait behaviour provides a compromise.
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9.2 Conclusion

This study of the Iberian Wall Lizard, Podarcis hispanica

STEINDACHNER, at Gibraltar, has allowed an overall picture of
the year-round ecology and behaviour of the species to emerge.
It has certainly made it possible to predict with certain
accuracy the activity of the lizard in the field at Gibraltar,
as I have had opportunity to observe.

Unfortunately, work on the species elsewhere has been too
limited to allow comparison which would have made this study
more valuable. 1In effect, comparisons have had to be made largely
to related species of more northerly latitudes.

Even within the population of lizards in Gibraltar there is
great scope for further work, particularly in the laboratory.

Of definite interest would be research on the reflectivity of

the skin of P. hispanica. Further comparisons of the North Front

Cemetery population with that from other areas would also be of
interest, Determination of temperature relations and metabolic
rates under different conditions, and further work on food choice
and food consumption are all aspects worth pursuing. However
this more detailed work would be of limited value only if a basic

knowledge of the field biology of the lizards did not exist.

At the European Herpetological Symposium (1980), Avery (1981)
mentioned the desirability of a 'Symoptic Model' of European
Lacertidae, taking into account all the existing work on the group
and pointing out the need for more research in certain areas.

Avery (1981) summarised the various north-south trends in
morphology, physiology, activity, ecology and behaviour of Lacertids
in Europe. Most of his examples however, like mine, were taken
from northern European species. There are many gaps in our knowledge
of the ecology and behaviour of southern European lizards.
Unfortunately the level of research in Iberia,although increasing,
remains low. In this light, it is hoped that the present work
has gone some of the way towards increasing our basic knowledge

of the field biology of a small Lacertid lizard at the southernmost

end of Europe.
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APPENDIX 1

Text of the International Strategy for the Conservation of the
European Herpetofauna, passed at the European Herpetological

Symposium, Oxford, 1980:

"With the increasing pressure on all species of European
herpetofauna, the time for a concerted and unified European
initiative by those most active in the field of herpetological
conservation and field research has arrived.

"The intention is to present, as soon as possible, a single
succinct plan for the conservation of European herpetofauna,
which incorporates the ideas, data, information, criticisms and
suggestions put forward by active field herpetologists. The
plan will then be presented to those European bodies capable

of offering substantial funds."
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APPENDIX 5

GUIDE TO IDENTIFICATION OF FRAGMENTS FROM FAECAL PELLETS

1. Certain types of material were immediately recognisable:
Shell fragments. -——- Gastropods
Chelicera -———— Araneae
Elytra - Coleoptera

2, The following Keys (from Pernetta, 1973 (unpubl.)) were

also used, but not all the groups of invertebrates included were

encountered in the faeces samples.

KEY A The Legs of Arthropoda
l.a. Generally pale in colour with a simple tarsus ending
in a single claw. —_——- 2
b, Pale, glabrous, with a multi-jointed tarsus, which is
moniliform or filiform. === 3
Ce Legs heavily chitinised with a variable tarsus,
---- Insecta ad.
2.a. Single tarsal joint equal in length to preceding
two joints. ---- Isopoda
b. Tarsal joint 1% - 2 times as long as the preceding

two joints, pale, colourless or with a grey/black core.
---- Diplopoda

C. Generally pale yellow or brown, more heavily chitinised
than a and b. ---- Chilopoda
3.a. pale, often spiny and/or hairy, proportionally elongate,

frequently with an elongate filiform or moniliform tarsus.
~--- Opiliones

b parker than the above, with proportionally shorter moni-
liform or filiform tarsus rarely exceeding ten joints.
---- Araneae

The division of insect legs into further subgroups is
not possible by means of a single key since there is great
variability in shape and form within any one group. In general

it may be said that:



Orthopteran legs show stridulatory pegs or other similar
adornments and are long.

Coleopterous legs are heavily chitinised, not normally hairy
and with one or two claws,

Dipterous legs are hairy, and with variable feet that usually
include some form of pad.

Hymenopterous legs are generally thin and delicate when
compared with those of coleoptera,

Hemipteran legs are generally lightly chitinised and are

often comparatively long.

KEY B Body Cuticle
l.a. Pale, translucent, thin and recognisably form a plate,
colour patchy. cm-- 2
b. Transparent and/or entirely coloured, ranging from pale
yellow through to black. -~--- Insects and
Chilopoda
2.a. Inner surface with patches, or largely covered in a

grey/black patina. Outer surface glaucous - Diplopoda

b. Outer surface patterned in some way, inner surface with
small irregularly shaped areas of colour.-- Isopoda

Ce Extremely thin, transparent at least in part, often large
pieces with little or no apparent structure, colour
patchy. ---- Arachnida

excl. Acari

KEY C Insect Wings

l.a. Wings with scales. - Lepidoptera
b. Wings with stigma. ---- Hymenoptera
Ce Wings membranous, no stigma. ---- Orthoptera
d. Wings wholly or partially chitinised or leathery.

pove 2



2.a. Wings still membranous in the distal region.
---- Hemiptera
fore-wing

b. Wings reduced to a leathery tegmina with no membranous
portion. ---~ Dermaptera
fore-wing
Ce Wings heavily chitinised. ---~ Coleoptera
' fore-wing
d. Venation simple, often reduced. --== 3

3.a, Highly specialised venation, radially disposed.
---~ Dermaptera

b. Venation reduced. ~--~- Hemiptera
hind-wing
Co Primitive veins normally all present. =---- 4
4.,a, Alula often present, accessory and intercalary veins
absent, chief cross veins present. ---- Diptera
b. Wings not as above. -=== 5
S.a, Principal veins developed, oblong cell present,
---- Coleoptera
(Adephaga)
b. All cross veins absent, proximal portion of M, atrophied.

---- Coleoptera
(Staphilinid type)

C. M énd M., coalesced, from point of junction one vein
continues to the wing margin. -=~~ Coleoptera
(Cantharid type)
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APPENDIX 6

INDICES OF DIVERSITY

Herrera (1976) proposed the following 'trophic diversity index':
1%

s
D= -Zlog 61
i=1

where p; are the frequencies of occurence of the various prey

categories; i.e.

number of occurences of the ith
prey type;

N = number of stomachs (faeces in this
study)

where nj

i = 1’ 2’ LI A 4 S.

This is compared by Herrera (1976) to the Shannon-Weaver index

of diversity H', given by :

S
' = -
H' = Zqi log qi
i=1

where q, is the frequency of the ith
food category with respect to the total number

of prey items in the analysis.
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