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Movement patterns of lacertid lizards: effects of temperature
on speed, pauses and gait in Lacerla vivipara

R.A. Avery, D.]. Bond

Depariment of foology, The University, Bristol BSE 1UG, UK.

Abstract. Lacerta ofeipara emcrging from their overnight retreat before they had the opportunity to thermao-
regulate moved with an alternation of locomotoer bursts and pavses. Mean speed during bursts of locoma-
tion fell with decreasing temperature from 3,21 snout-vent lengths (SVL) 57! m the activity temperature
[ Tac =~ 35%C) o (L 15 SWL sPan 550, Between T and 19°C the reduction was small (O = 1.12) and
statistically not significant; between 19°C and 5°C the change was very much greater (g = 7.7) The
pauses between locomotor bursts increased progressively in duration over the whole range of decreasing
remperatures Trom T 1o 370, although the change from e 1o 2370 was not significant.

Gait changed progressively from almost simultaneous movement of contralateral diagonal limbs at T 10
independent movement ol [imbs in the sequence LF, RH, RF, LH at 770, with increases in the mean duty
factor of individual fecr from 0,530 o (0,76 and in the proportion of time for which 3 or 4 feet were in
simultaneous contact with the ground from 0 1o 0,892,

Introduction

Locomotion in many species of quadrupedal lizards frequently consists of short bursts
of walking or running interspersed with short pauses. It has recently been shown that
in European lacertid lizards at their normal activity temperatures ( Taoe: equivalent to
Activity Temperature Range as defined by Pough and Gans, 1982), speeds and pause
durations vary consistently according to defined experimental conditions {Avery et al.,
1987a) and between species (Avery et al., 1987h).

Lizards are ectotherms, and the majority of species function more or less elliciently
over a range of body temperatures (Avery, 1982; Huey, 1982). It has been shown that
in some species the rates of different physiological processes may respond to change in
body temperature (7%) in different ways (e.g. Marsh and Bennew, 1985, 1986a;
Paladino, 1985; Stevenson et al., 1985; van Berkum et al. | 1986). Since previous work
on speeds and pause durations in lacertid lizards has related only to lizards at Taer, we
extended the investigation to include the effects of reduced temperature. It was hoped
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that the form of the relationship between pauses and temperature might help to explain
their mechanisms and function. It became apparent during the course of the work that
gait also changes progressively with a reduction in 7k, and so this was also in-

vestigated. The experimental animal was the common lizard Lacerta vivipara.

Material and methods

The lizards used in this study were captured in the West of England. Methods of
maintenance, video filming, measurement and analysis have been described previous-
ly (Avery et al., 1987a).

In order to measure locomotion of lizards at Tagr under defined conditions, Avery et
al. (1987a) devised an arena containing two 150W incubator bulbs about 140 cm
apart, and filmed lizards moving spontaneously between them. This technique could
not be used to examine spontaneous locomotion of lizards with Th < T because
under these conditions the animals retreated to their shelters and became inactive. The
alternative used here was to film a lizard when it was emerging from its shelter and
moving towards a bulb in order to bask. The shelters were pieces of thick cardboard
folded in such a way that there were gaps at ground level into which the lizards could
creep. Emergence from a shelter usually took place quite soon after the bulb had first
been switched on in the morning; any delay tended to be greater at lower air
temperatures { 15).

It was found that the horizontal distance between the bulb and the cardboard shelter
was critical in determining behaviour. If the distance was too great, a lizard tended not
to emerge at all at low T, If it was too small then the animal was exposed to radiant
heat or bulb-warmed air or substrate immediately upon, or even before, emergence,
Intermediate distances satishied the requirements that the lizard should need to walk
sufficiently far to produce several cycles of locomotor bursts and pauses, and more im-
portantly, not be exposed to warming from the bulb whilst being filmed. Under these
conditions it could be assumed that 7}, = 7} (see Discussion). In order to reduce
heating in the environment other than immediately beneath the bulb, 60W reflector
bulbs rather than 150W bulbs were used, and the light was shone through a cardboard
tube so that it illuminated a circle of about 15 cm?. All experiments were carried out in
arenas in which the point immediately beneath the bulb was 28 em from the opening of

the shelter which faced it, but only the middle region of the emergence path—about 15
cm—was within the filmed frame. No measurements were made of the movement of
any individual lizard until it had lived within the arena for at least one week, and so
was lamiliar with the surroundings and habituated to walk in a direct line from the
shelter to the spot of heat and light. All sequences in which the lizard did not walk in
such a straight line (they were rare) were ignored.

This technique could not be employed for determining the pattern of movement ar
Ty = 353°C (equivalent to Tye) because the lizards had always emerged belore the bulb
was switched on and they did not usually seek to bask. Under these circumstances the
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behaviour filmed was that of the animal moving from the shelter to the bulb during its
spontancous loraging. For similar reasons it was possible to film only a small number
of emergences at 73 = 27°C.

The arenas were maintained in a room in which temperature was normally allowed
to fluctuate with changing weather conditions outside, but in which subareas could be
heated or cooled, Sequences of emergence at different temperatures were filmed on a
random schedule, partly taking advantage of natural daily fluctuations in 7. This
avoided acclimation effects which might have been associated with systematic changes
in temperature. The number of individual lizards filmed and measured at each
temperature varied from 1 (7 and 27°C) to 3, the total number of sequences filmed at
each temperature from 2 (7 and 27°C) 10 20 (19°C). For technical reasons the steps by
which T3 was incremented are not equal (fig. 1),

All experiments were carried out using adult lizards (mass 2.5-3 g, SVL 49-52 mm,
total length 114-131 mm) with complete tails. Speeds are expressed in units SVL 571 1o
standardise for differences in size and relative differences in the length of the tail
between individuals.

Results

Emergence

Lacerta vivtpara moving towards a single bulb on their first morning emergence showed
the same pattern of locomotion that has been described in lizards moving spontaneous-
ly at Ty between two bulbs: short bursts of locomotor movement alternated with short
pauses (Avery et al., 1987a). This movement pattern can be described by three
variables: (a) distance moved during locomotor bursts, (b) duration of locomotor
bursts and (c) duration of pauses. Derived variables include burst speed (a/b) and
overall speed (Za/(Zh + Zc)).

Both burst speed and overall speed decreased with decreasing temperature. The
relationship for burst speed (plotted as means for each temperature on semilogarithmic
coordinates) is shown at the top of figure 1. Between Ty and 1970 the decrease was
only slight (O, — 1.12) and not significant (ANOVA, Student-Newman-Keuls test,
P>0.03). Between 19°C and 5°C the slope was steeper, Qo = 7.7. Lacerta vivipara
were incapable of sustained locomotion below 5°C.,

Pauses, in contrast, increased in duration with decreasing temperature from means
of .11 s at Tae to 2.6 5 ar 5°C (bottom of figure 1). Mean burst duration increased
from 0.27 s at Ty to 1.57 s at 5°C; mean distance moved within each burst from 0,89
SVL at Ty to 1.05 SVL at 5°C, but this was not significant (F = 1.84, df = 385,
0.05< P<0.01).

Crart

When a lizard was emerging at e it moved with 2 mean burst speed of 3.21 SVL 5!
(fig. 1; this is equivalent to 16 cm s°! for an adult lizard of average dimensions). Mean
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Figure 1. Burst speed and pavse duration {logarithmie scales) in relation to body temperature. YVertical hars
show + 251

stride frequency was 4.9 s-1. Contralateral diagonal limbs were moved simultaneously,
and each imb was in movement for almost exactly one half of the entire stride cvcle
(fig. 2), i.e. the duty factor for each foot was 0.5.

This pattern changed with decreasing temperature. Gaits became progressively less
regular. At 7°C (no data were obtained for hizards moving at 5°C) mean stride fre-
quency had fallen to 0.42 571 and the mean duty factor had increased to 0.76. The syn-
chrony of contralateral diagonal limbs had been lost, the four limbs moving in-
dependently in the order (with arbitrary origin) LF, RH, RF, LH (fig. 2). Mean phase
difference (relative to fore limbs) changed between T, and 7°C by the {ollowing mean
amounts (coeflicients of variation of 7°C means in brackets): contralateral diagonal
pairs — 0 to (113 (23%); ipsilateral pairs - 0.50 to 0.71 (9.5%), contralateral opposite
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Figurc 2, Sample gaits at five body temperarures. Horizontal black bars show the times during which each
loot was in forward motion, in the order (from the top) LF, RH, RF, LH. Vertical bars represent long
pauses in which the plotted durarion is notional in order to fit the figure conveniently on a prage.

pairs - (1.5 to 0.43 (18%). A consequence of these changes is that the proportion of
time for which 3 or 4 feet were simultaneously placed on the ground changed from 0 at
Tace to 0,92 ar 7°C. All of these calculations are for periods of actual movement, i.e.

within locomotor bursts; pauses are not included.

Discussion

Lacerta vivipara usually inhabit environments in which vegetation is fairly dense (Ar-
nold, 1973; Arnold et al., 1978). Because such vegetation creates obstacles to direct
movement, speeds and gaits of lizards in the wild are usually very variable. The arenas
devised for these experiments represented an attempt to minimise this variability for
the purposes of quantitative description. Although the environments of the arenas were
in this sense artificial, the emergence behaviour of the lizards within them must have
been similar to that in the wild. This is because the first activity of a common lizard on
emergence {rom its overnight retreat is always to bask, using solar radiation to raise T,
(Avery and McArdle, 1975; Hailey, 1982), and the animal must move from the retreat
to the basking site. L. wivipara occur in cool climates, and so this movement must often
take place at low temperatures; Simms (1970) has written in this connection **parts of
the trunk, or hind the limbs, are sometimes ..., dragged about grotesquely until the
lizard has had the opportunity to bask enough to thaw them out. This is particularly
noticeable during periods when there are ground frosts™. It is interesting to note that
the 7% at which L. srvipara become incapable of walking—about 4°C—is lower than
the equivalent temperatures recorded for Dipsosaurus dorsalis and Seeloporus occidentalis,
which inhabit warmer climates (Marsh and Benneut, 1985, 1986a); 1. vivipara is clearly
a cold-adapted lizard (see also Spellerberg, 1976).
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Confining the measurements to the middle period of each sequence of emergence
was a lurther factor which reduced variability. During the early part of emergence, and
especially before the whole body had been exposed, the hizards often paused for excep-
tionally long periods, When they approached the pool of heat and light cast by the
bulb, they often speeded up.

There are no data in the literature with which the results presented here can be

directly compared. Much of what has been recorded about hizard movement relates to
their maximum speeds ( Finax), which have been used as indices of physiological capaci-
ty and performance (e.g. Garland, 1985; Marsh and Bennett, 1986a; van Berkum et
al., 1986). It appears to be a characteristic feature of the muscle physiology of many
species that Q1o for Finay is high at low Ths, but low at Ths between 20-25°C and T
(which varies from species to species, but is usually within the range 30-40°C - see
Avery, 1982). Such a pattern has been observed in at least eight species (recent
references: Crowley, 1985; Marsh and Bennett, 1985). A similar pattern has been
recarded for speeds of snakes (Stevenson et al., 1985) and crocodilians (Turner et al. |
1985), but it is not characteristic of all ectotherms—it is not observed in the tiger beetle
Cinctndela tranguebartea, for example { Morgan, 1985). The data for L. vivipara show that
spontaneous voluntary emergence speeds, which are about four times lower than Fray
at both Tae (Avery et al., 1987a) and when T < Too (Avery: unpublished data), also
fit this pattern. This is consistent with the current interpretation for the flattening of
the curve relating Fuax to 7T at higher temperatures—that it 13 produced by
temperature-compensation ol enzyme systems over the normal activity temperature
range of a species (Marsh and Bennet, 1986a}—since such compensation should
presumably operate over the whole range of muscle fibre contraction speeds.
Body temperatures of the lizards were not directly measured during these experiments;
such measurements would have involved handling or impairing the animals by im-
planting thermistors or thermocouples. Movement would then have been under stress-
ed, not spontaneous voluntary, conditions. There 1s ample evidence that in laboratory
arenas such as those used here, Ty of L. vivipara varies within the range 28-36°C with
a mode of 33°C (Avery, 1985). Even if body temperatures were biassed towards one or
other end of this range, the conclusions would not be aflected—redrawing igure 1 with
Tt = 28 or 36°C would not alter the general shapes of the curves relating burst speed
or pause duration to temperature. There is also abundant evidence for the implicit
assumption that 7}, = 7 before a lizard has basked, since observations made by cap-
turing animals and simultaneously measuring T}, with a mercury thermometer or ther-
mistor inserted into the cloaca (Avery, 1971 and unpublished data) and using a
pyroelectric vidicon infrared camera to determine T}, non-invasively (Avery and
[} Fath, 1986), all support it.

The gait of L. sivgpara at Tyeo 1s of a kind which is widespread amongst quadrupedal
lizards (Sukhanov, 1974). When L. wirtdis are travelling at 42 cm s (equivalent to
about 4 SVL s°1), for example, they move in this way. The duty factor of each foot
under these circumstances is 0.54 (Daan and Belterman, 1968), The change in gait
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with decreasing temperature has not previously been described. At intermediate
temperatures (20, 16°C) the gait of L. viwtpara is similar to the gait of a urodele at
unspecified, but presumably normal laboratory temperature; duty factors of the fore
and hind feet are 0.74 and 0.71 respectively and the phase difference for ipsilateral
pairs 1s (.64 (Daan and Belterman, 1968). The corresponding values for L. civipara at
20°C are 0.73, 0.76 and 0.68 respectively.

Decreasing temperature increases the contraction times and decreases the power
output of reptilian voluntary muscle fibres (Marsh and Bennett, 1985, 1986h), This is
undoubtedly the primary reason why stride frequency decreases (fig. 2). Whether the
progressive change in gait with decreasing temperature is a consequence of decreasing
stability at the consequent slower speeds (see Jayes and Alexander, 1980) or whether it
is mainly a consequence of loss of efficiency of muscles, and perhaps also neuro-
muscular coordination, is a complex question. A great deal of further work will be
necded in order to answer it, The same may be said of the increase in pause duration
{fig. 1). This is probably related to changes in central or spinal pattern-generating
mechanisms, but too little is known of these processes to enable one even to speculate
about possible mechanisms. Empirically the pauses are important because they reduce
overall speed, and must increase the vulnerability of the lizards to potential predators
{see also Christian and Tracy, 1981).
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