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Abstract 

A preliminary investigation was conducted on the spatial organisation and behaviour 

of adult male and female frillneck lizards, Chlamydosaurus kingii, during/dry season, 
1---

which corresponds to their non-breeding season. The study was conducted in an 

urban park containing high densities of C. kingii. Radio-telemetry and a combination 

of scan and focus sampling were used to record location and behaviour (respectively) 

of individuals over four independent time periods. Lizards remained inactive during 

dry season months, perched in the canopy of trees and rarely changing location. As 

the dry season progressed, home ranges of male and female lizards increased. 

However, females remained perched in tree canopies while males increased the 

number of location changes per unit time and displayed a range of behaviours, 

particularly the larger individuals sampled. The results suggest that C. kingii employ 

a polygynous mating strategy. An understanding of the spatial organisation and 

mating system of a species is important to its conservation and management because 

these attributes help explain the distribution and regulation of a population. The next 

step will be further investigation into the spatial relationships between male and 

female C. kingii. 
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1. Introduction 

Understanding the spatial organisation and social behaviour of a species can be 

informative in explaining the distribution and regulation of populations. The 

distribution of a population is dependent on the availability of habitat. Habitat used 

by individual species is made up of suitable 'patches' of resources, including food 

resources, refuge and breeding sites and other individuals in the population (termed 

conspecifics) (Hallet al. 1997). The appropriate dimensions of a patch are not set by 

what we perceive but by the behaviour of animals themselves. If more was known 

about a species' ranging patterns within and between years, we would know more 

about their habitat, how they interact with their habitat and in tum, how to manage 

viable populations of different species (Caro 1999). ~/ 

Within a population, individual animals use distinctive areas, called home ranges or 

territories, in which they carry out their routine activities (Mace et al. 1984).""The , 

degree of intraspecific home-range overlap varies greatly between species, from no 

overlap in some, to near complete overlap in others. The distribution of individuals 

can result from a number of complex and hard to measure factors including the 

presence or absence of conspecifics, and the spatial and temporal patterns of essential 

resources. Food, shelter, nest sites, mates, and areas that provide benefits such as 

those resulting from reduced rates of predation, parasites or disease, can all be 
/ 

considered essential resources (Mace et al. 1984). Dispersion patterns can also be 

conditioned by predation pressure, parasitism, and constraints imposed by the mating 
._.,/'' ---

system (Brown & Orians 1970; Hall & Fedigan 1997; Sillero-Zubiri & Gottelli 
_.-"' 

1995). Home range size, then, reflects various aspects of the behaviour of animals 

and studying changes in home range (e.g. size differences between seasons), and the 

relationship of one home range to another in the population (e.g. difference between 

male and female home range size and degree of overlap within and between sexes), 

can provide insight into aspects of the reproductive and social biology of the animal. 

Seasonal and sexual differences in behaviour, including aggression and activity can 

also be studied, providing a more in depth view of a species reproductive and social 

biology than home range studies alone. For example, in many lizard species, males 
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increase aggressiveness (e.g. fighting and chasing other males) and become territorial 
_./ /' _,-/ 

during the breeding season (Olsson 1995; Ruby 1978; Stamps 1983; Stamps & 
/' 

Crews 1976(This information, in conjunction with data on the degree of home range 

overlap within and between sexes for a particular species, can reveal the type of 

mating system employed by a species. 

The mating system of a population, i.e. the strategy employed by a species in order to 

obtain mates, can generally be defined by three key features: the structure (e.g. 

monogamy, polygamy), whether its based on defence of mates or resources, and the 
.., ... ~- _.,... ..... -

presence and type of parental care (Emlen & Oring 1977; Hews 1993). Emlen and 

Oring ( 1977) published an ecological framework for understanding animal mating 

systems, based on intraspecific competition. They assert that where one sex becomes 

a limiting factor for members of the opposite sex, there will be strong intrasexual 

competition among members of the available sex for access to mates of the limiting 

sex. In vertebrates, females are usually the limiting sex while males are the limited. 

This is because a female's reproductive success is generally controlled by her ability 

to nourish and protect her gametes, and a male's reproductive success by his ability 

to fertilize females' gametes. Thus for females, shelter or nutrients are often limiting 

resources, whereas for males, the limiting resource is usually a female's gametes 

(Wiley 2000):!As a result, mating success of the limited sex (usually males) is 

dependent on their ability to control access of others to potential mates. This may be 

done directly by physically herding potential mates or physically excluding other 

members of the same sex from these mates (mate defence), or indirectly by 

controlling resources critical for either mate attraction or successful reproduction 

(resource defence). The greater the degree of monopolisation, the greater the 

resulting variance in mating success (Emlen & Oring 1977)'!~he precise form of the 

mating system will depend on which sex is limiting and on the manner and the 

degree to which the limited sex controls the resource base or monopolises matesf6r 
._...,,/ 

both}'(Emlen & Oring 1977). In addition to the spatial patterning of resources and 

mates, the temporal pattern of sexually receptive individuals also affects the type of 

mating system employed by animals. If, for example, all females in a population 

become receptive at the sam~ time, the potential for individual males to monopolise 

females, is reduced. However, as receptivity of individuals of one sex becomes more 
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asynchronous, the potential for individuals of the opposite sex to obtain mates is 

increased (Emlen & Oring 1977). 

Polygamy, in the form of polygyny, is a common strategy for lizards, with the family 
./"' 

Agamidae being no exception. A review by Stamps (1983) showed that female 

lizards of the iguanid and agamid families are often territorial. In contrast, intersex 

overlap of home ranges is extensive, especially during the breeding season. In order 

to copulate with a female, a male must find her within her home range and court her 

there, often for an extended period of time (days or weeks). Since females do not 

leave their home ranges in order to mate, potential male partners must have home 

ranges overlapping that of the female. Given this situation, Stamps (1983)cl~vised a 

model that stated a polygamous mating system may only occur if the following 

conditions are met: 

1. Males must arrange their home ranges to overlap with female home ranges. 

2. Males must increase their home range sizes so as to encompass more than one 

female home range. 

3. Potential for a mechanism that ensures greater variance in mating success for 

males than for females. 

One such obvious mechanism is territoriality. If some males defend enlarged home 

ranges against other males, they would have exclusive breeding rights over the 

females within their territory. If male territories typically contained more than one 

female home raqge, then that species would have a polygamous mating system 
v 

(Stamps 1983). However, discovering the function of territory defence is not 

necessarily easy as territories can serve multiple functions; defence of resources, 

predator refuges and oviposition sites as well as mates (Deslippe & M'Closkey / 

1991). 

I will use the frillneck lizard, Chlamydosaurus kingii, as the subject of a preliminary 

investigation into the spatial organization and mating system of agamids. C. kingii is 
./"'' 

a large, arboreal, sit-and-wait insectivorous lizard (Shine & Lambeck 1989) that 

inhabits open forest and woodlands of northern and eastern parts Australia (Cogger 
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/ 
1992).~The climate of this region, with highly seasonal rainfall and consistently high 

temperatures, creates a unique set of environmental conditions for the reptile fauna 

(Griffiths 1994):-with many species experience large seasonal changes in the _ .... · ~ 

abundance of food and water (Christian et al. 1999a). C. kingii reflects this 

seasonality with cyclic changes in physiology and behaviour. These lizards reduce 

body temperature, field metabolic ra~, water turnover and activity during the dry 
!/'' -/ 

season (Christian & Bedford 1995; Christian & Green 1994), and restrict 
/ t·' 

reproduction to the wet season (Griffiths 1994; 'Shine & Lambeck 1989)~ In addition, 

adult male C. kingii actively defend territories, have a larger body size, and maintain 

larger home ranges during the dry season, than females (Griffiths 1994;'-'Shine & 
,_/ 

Lambeck 1989). It has been suggested that only large males (SVL > 240 mm) are 

territorial, based on males .. of this size and larger having fight scars on their backs 
/ 

(Christian et al. 1999b)~However, relatively little is known of their breeding 

behaviour or mating systems. By observing how adult male and female C. kingii 

utilize space (home range size, distance between movements) and differ in behaviour 

over time, this study attempts to provide a greater insight into the possible mating 

system used by this species. 

Specifically, the aim of this study is to investigate the spatial patterning and 

behaviour of C. kingii, in relation to their mating system. I will determine how male 

and female C. kingii utilise space during the non-breeding, and describe the 

behaviour of male and female lizards during this season. From this information, I 

will attempt to make a preliminary assessment of the mating system used by C. 

kingii, providing a basis for further investigation. 
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2. Methods 

2.1 Site 

The study was conducted in Y anyula Park, situated in the Darwin suburb of Anula 

(12° 23' S, 1300 53' E), Northern Territory, Australia. Darwin is situated in the wet

dry tropics of northern Australia. The climate is characterised by uniformly high 

temperatures with a highly seasonal rainfall regime. Within this regime, there are 

four distinct periods, the wet season (December- March), the dry season (June -

August) and two transition periods wet- dry (April- May) and dry- wet 

(September- November). Thunderstorms characterise the dry- wet transition 

period, while the wet itself receives more regular rainfall (Taylor & Tulloch 1985). 

The wet season has high maximum (32 °C) and minimum (25 oq air temperatures, 

high relative humidity (81 %at 0900 hrs) and high rainfall (1351 mm) (59 year 

averages from Darwin airport, Bureau of Meteorology). The dry season is 

characterised by high maximum (31 oq but lower minimum (20 oq air 

temperatures, lower relative humidity and little or no rainfall (Bureau of 

Meteorology). The dry season may be further divided into the early, mid and late dry 

season with conditions getting progressively drier. 

The park was chosen as it supports a large population of C. kingii in a relatively 

small area, enabling observations of several lizards to occur simultaneously. The 

park is a highly modified environment and is surrounded by houses on the west side, 

a road to the north and to the south, and a school to the east. A footpath dissects the 

park, running in a northerly direction with two large (approximately 1 - 2 ha) grass 

ovals. These grass areas are mowed regularly during the wet season and watered, 

along with the trees during the dry season. The rest of the park resembles closed 

woodland, dominated by introduced species; weeping rosewoods (Pterocarpus 

indicus) and African mahogany (Khaya senegalensis) interspersed by a mixture of 

natives such as Maranthes corymbosa, Pongamia pinnata, Ficus sp., and Eucalyptus 

sp .. During the wet and early dry season, the canopy is relatively dense, however 

during the dry season it becomes sparse and spotting lizards is made easier. There is 
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no under-story and ground cover consists mainly of leaf litter, grass patches (during 

the wet season) and bare ground. 

2.2 Field Sampling 

Four sampling occasions spanning 3 - 4 days per occasion, took place in May, July, 

September and Oytober 2002. Adult male and female C. kingii (i.e. SVL > 175 mm; 
',,/ ,,.•' 

(Griffiths 1999( Shine & Lam beck 1989rwere the focus of this study. Ten lizards in 

total were fitted with radio transmitters; three were fitted prior to the May sampling 

period, and another seven were fitted prior to the September sampling period. 

Transmitters (model SI-2 Holohil Systems Ltd, Ontario, Canada) were attached . 
/ 

externally to the base of the tail with tape, weight: 18 g (Christian & Bedford 1995). 

A unique number was written in permanent marker onto the tape to aid visual 

identification. A further nine adult C. kingii were marked with just Elastoplast and a 

number. Snout-vent-length of each lizard was recorded when they were fitted with 

transmitters and I or numbered. 

Lizards were observed between 10 am and 4 pm daily. Telemetered lizards were 

located every morning before 10 am, and the observing station was positioned so that 

the maximum number of lizards could be monitored simultaneously, while being far 

enough away so as to minimise disturbance. Lizards numbered but without 

transmitters, were observed opportunistically as they came into view. 

2.3 Movement 

To determine a lizard's location when focus sampling (so not to disturb the animal), 

three measurements were recorded: 1) the location of observing station using Global 

Positioning System (GPS), 2) the distance of the lizard from observing station, 

measured using a laser Range finder (Bushnell, yardage pro sport), and 3) the 

compass bearing of the lizard. Using trigonometry, the true location of the lizard was 

calculated in Universal Transverse Mercator units. Each time an individual moved a 

new reading was taken. If a lizard's position was known, yet they could not be seen 

(e.g. because of trees or canopy blocking the view) from the observing station, radio 

signals were obtained on the hour and visual sightings every two hours, to confirm 
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their position. Occasionally an active lizard would disappear completely from view 

and would not be relocated until a) it came back into view or b) the next 2 hourly 

visual sighting took place. If relocated at too great a distance from the observation 

station or in too difficult a spot to observe confidently (e.g. in one of the residential 

gardens backing onto the park), observations on that individual would cease for the 

time being. 

The number of location changes made per hour per lizard for adult C. kingii, was 

recorded. A location change was a movement in horizontal space, i.e. not when the 

individual moved up, down or around a tree trunk. Only lizards for which a full day 

of data (minimum 5 hours) had been recorded were used for this analysis. 

The software program Animal Movement Analyst Extension (AMAE) for 

Arc View® GIS 3.2a (Hodge & Eichenlaud 1997):Was used to calculate the 

maximum distance (m) moved by an individual lizard between locations per day and 

the mean distance moved between locations per day. 

Data was log-transformed and differences between sex and month for the maximum 

distance and mean distance moved between locations were tested for significance 

using a repeated measures ANOV A (Quinn & Keough 2002). Data for May and July 

was excluded from the analysis (as too few movements were observed), permitting a 

more robust analysis of the remaining data. 

2.4 Home range 

All home range analyses were carried out using Animal Movement Analyst software 

in Arc View GIS 3.2a. Home range size (ha) was calculated using minimum convex 
/ 

polygon (MCP) and Kernel estimators (Powell 2000). Previous studies of C. kingii 

/ --home range have used MCP (Griffiths 1999; Shine & Lambeck 1989), and both 
./ 

estimatqrs are used frequently to calculate home ranges (Hooge et al. 1999; Powell 
/ ""'" 2000; Rose 1982). All repeat locations were removed from MCP analysis (i.e. when 

animal was located in same position) and the program used implements a harmonic 

mean outlier removal method for MCP. Kernel estimates are based on probability 

densities (location density estimator). That is, the home range of an animal is 
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described in terms of a probabilistic model (Worton 1989). The default least squares 

cross validation smoothing parameter was used as program producers recommended 

it as providing a less biased estimator than a user selected one (Hooge et al. 1999). 

Probability levels for the Kernel Estimator were set at 95% to remove the effect of 

outliers, and 60% to give an indication of the size of an individual lizards core range. 

For more detail on both techniques see (Kenward 2001; Worton 1989). Kernel 

analyses included all fixes, including repeated locations. Significant differences 

between sex and month for all home range estimators were tested for using repeated 

measures ANOV A (Quinn & Keough 2002). Again data from May and July were 

excluded from statistical analysis (due low variance of data points) to permit a more 

robust analysis of the remaining data. 

A correlation was done to determine if there was any relationship between lizard 

SVL (mm), and home range size for MCP estimator only. All values equivalent to 

zero were excluded from the correlation as these were considered to be a 

consequence of season, and not relevant to this particular analysis. In addition, male 

and female data was combined to maximise sample input. 

2.5 Behaviour 

Behavioural data was collected by a mixture of focus and scan sampling techniques 

(Martin & Bateson 1993). Individuals were observed both continuously (focus 

sampling) where all behaviours (see below) were timed using a stopwatch. 

Alternatively, behaviour was recorded every ten minutes (scan sampling). This 

enabled behaviour to be analysed as a proportion of time, as well as a proportion of 

observations, permitting a comparison of the focus and scan sampling techniques. 

Six behavioural categories were determined for C. kingii during this study: 

(1) Perched in canopy: a lizard was resting in a tree, perched above the lowest 

point of canopy. 

(2) Alert on trunk: a lizard perched on a vertical tree trunk in the bottom half of 

the tree was considered alert, engaged in some form of foraging or social 

behaviour. 
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(3) Stationary on ground: a lizard was motionless, paused on the ground. 

( 4) Feeding on ground: lizard scooped prey off the ground, masticating and then 

swallowing it. 

(5) Head-bob on trunk: this was carried out only by males and is considered a 

form of social behaviour (Shine and Lambeck 1989). The lizard was on a tree 

trunk carrying out a series of head bobs, after which there may have been a 

pause and bobbing continued or stoped. 

(6) Head-bob on ground: description same as above except the behaviour took 

place on the ground. 

2.6 Weather 

Every hour the following climatic variables were measured: ambient air temperature 

( 0 C), full shade temperature eq, full sun temperature (0 C), wind speed (m/s) and 

cloud cover (% ). Ambient air temperature and wind speed were measured using a 

digital anemometer. Full shade and sun temperatures were measured using a infrared 

·temperature gun held approximately 5 em from either the shaded side of a tree trunk 

(full shade), or a patch of grass in full sunlight (full sun). Cloud cover was measured 

using a hand held densitometer. Hourly humidity (%) readings and daily rainfall 

(mm) data were obtained from the Bureau of Meteorology, 2002, for Darwin Airport 

approximately 3.5 km south-west of the study site. All differences in variables 

between sample period (month), and time of day were tested using two-factor 

ANOVA. 

All statistical tests were carried out using STATISTICA 6.0. All means are presented 

with one standard error. 
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3. Results 

3.1 Movement 

For the four months that C. kingii was observed, all lizards changed locations 

relatively infrequently. The greatest number of location changes occurred during 
-

September and October, with activity peaking around midday in September (x = 1.5 
-

± 1.5), and late morning during October (x = 1.6 ± 0.6) (Figure 1). No location 

changes were observed during May, and only one male moved during July. No 

females were observed during July (Table 1). 

Only one female lizard was observed changing locations for the entire study period 

(October), while all except one male lizard were observed moving during September 

and October (Table 2). Both the maximum distance and mean distance travelled 

between locations by males during October were significantly greater than the 

respective distances recorded for females in September and October (d.f. = 1; P < 

0.05). The three largest distances travelled were 227.2 m (SVL = 265), 175.9 m 

(SVL = 225), and 162.2 m (SVL = 230). Mean distances travelled between locations 

were generally in the range of 90- 120m per move, although there were a couple of 

lizards with shorter mean distances between moves (Table 1). 
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Figure! Mean number of observed location changes per hour for adult 
Chlamydosaurus kingii in Yanyula Park, Darwin, 2002; (a) September (n = 6) and 
(b) October (n = 9). May and July data are not shown as no location changes were 
observed during these sampling periods. Vertical bars represent standard error. 
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Table 1 Maximum and mean distance travelled between locations per day, by adult 
male and female Chlamydosaurus kingii in Yanyula Park, Darwin. The number of 
minutes is the total number of minutes for which individuals were observed, and the 
number of fixes is equivalent to the number of location changes made by a lizard, 
totalled over the number of days observed. Snout-vent-length (mm) presented in 
table was length recorded at initial capture. 

Distance between fixes I day (m) 

Total no. 
Month and animal SVL(mm) No. days No. minutes fixes Maximum Mean:tSE 

May 13- 15th 

Male 

0 255 3 1170 0 0 

2 260 3 1190 0 0 

4 255 2 375 0 0 

5 225 3 1190 0 0 

Female 

8 205 2 590 0 0 

10 205 130 0 0 

JuJy 10 -12th 

Male 

0 255 3 1110 0 0 

I 200 I 237 7 18.8 7.1 :t 2.4 

2 260 3 1140 0 0 

5 225 3 1140 0 0 

Female 

No Data 

September 23 - 25th 

Male 

0 255 4 1401 15 151.6 101.2 :t 4.9 

5 225 4 1410 4 68.5 59.3 :t 4.7 

II 265 4 1037 50 227.2 104.2 ± 6.8 

16 213 2 630 0 0 

Female 

12 212 4 1400 3 0 0 

13 224 4 1410 I 0 0 

14 I98 4 1320 3 0 0 

October 21 -24th 

Male 

0 255 2 530 9 117.4 96.7 ± 4.9 

5 225 4 1519 7 175.9 71.2 ± I4.6 

II 265 I 75 3 I38.2 I30 ± 3.4 

I5 230 2 630 5 162.2 I00.6±I7.1 

16 213 4 I526 6 147.9 99.8±I7.I 

21 240 390 2 II8.3 I18.3 ±0 

Female 

12 212 3 1260 4 0 0 

I3 224 4 1560 I 0 0 

I4 I98 430 5 153.6 II4.8 ± 17.6 
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3.2 Home range 

Month 

Adult C. kingii used larger home ranges during September and October than they did 

during May and July. For all except one lizard, home ranges during May and July 

were assumed to have a value of zero as two few fixes ( < 3), were obtained per lizard 

for the relevant calculations (Table 2). For all estimators: MCP, Kernel 95% and 

Kernel 60%, there was no significant difference in home range size between the 

months of September and October (d. f.= 1; P < 0.05). 

Sex 

Male C. kingii had significantly larger home ranges than female lizards for both 

minimum convex polygon (d.f. = 1; P < 0.05) and Kernel95% (d.f. = 1; P < 0.05) 

estimators. During September and October, female home ranges (minimum convex 

polygon; excluding zero values) ranged between 0.1 - 1.6 ha, with a mean size of 

0.08 ha (se = 0.02). In comparison, home range size for males lizards ranges from 0.5 

ha- 3.6 ha, with a larger mean size of 0.12 ha (se = 0.02). However, core areas i.e. 

Kerne160%, did not differ significantly in size between the sexes (d.f. = 1; P < 0.05). 

There was a positive correlation between size (SVL) of adult C. kingii and home 

range size (MCP), although this correlation was not significant (r = 0.51; n = 13; P > 

0.05) (Figure 2). Generally, as the size of lizards increased, so to did their home 

range area. However, exclusion of females from the analysis showed no significant 

relationship. 
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Table~ Home range area (ha) of adult male and female Chlamydosaurus kingii in 
Yanyula Park, Darwin for May, July, September and October 2002. Areas were 
calculated using the Minimum Convex Polygon and Kernel (95 % and 60 % 
probability levels) methods. Number of fixes is equivalent to the number of location 
changes made by a lizard, a minimum of three being required for home range area to 
be calculated. Snout-vent-length (mm) presented in table was length recorded at 
initial capture. 

Home range size (ha) 

Month and animal SVL(mm) No. days No. minutes No. fixes MCP 95% Kernel 60% Kernel 

Mayl3-15th 

Male 

0 255 3 1170 0 0 0 

2 260 3 1190 0 0 0 

4 255 2 375 0 0 0 

5 225 3 I 190 0 0 0 

Female 

8 205 2 590 0 0 0 

10 205 130 0 0 0 

July 10- 12th 

Male 

0 255 3 1110 0 0 0 

1 200 I 237 7 0.01 0.02 0.01 

2 260 3 1140 0 0 0 

5 225 3 1140 0 0 0 

Female 

No Data 

September 23- 25th 

Male 

0 255 4 1401 16 2.7 3 0.61 

5 225 4 1410 5 0.5 0.68 0.2 

II 265 4 1037 49 3.6 1.81 0.4 

16 213 2 630 0 0 0 

Female 

12 212 4 1400 3 0.1 0.2 0.08 

13 224 4 1410 I 0 0 0 

14 198 4 1320 3 0.4 0.33 0.13 

October 21 • 24th 

Male 

0 255 2 530 10 0.9 0.2 0.07 

5 225 4 1519 9 2.4 1.85 0.32 

II 265 I 75 4 I 1.1 0.23 

15 230 2 630 7 1.8 1.37 0.21 

16 213 4 1526 10 2.4 1.78 0.28 

21 240 390 2 0 0 0 

Female 

12 212 3 1260 4 1.6 1.3 0.61 

13 224 4 1560 2 0 0 0 

14 198 I 430 6 1.1 1.31 0.42 
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Figure~ Correlation of snout-vent length (mm) and home range area (ha) (Minimum 
convex polygon method), of adult male and female Chlamydosaurus kingii in 
Yanyula Park, Darwin, 2002. 
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3.3 Behaviour 

Month 

During May and July, all C. kingii observed spent 100% of their time perched in the 

canopy. However, during September and October there was an increase in the range 

of behaviours displayed. Time spent perched in the canopy decreased while time 

spent on other behaviours such as alert on trunk, stationary on ground, feeding on 

ground, head-bobbing on trunk and on ground, generally increased (Table 3). A 

similar pattern was recorded by scan sampling, the proportion of observations of 

lizards perched in the canopy decreased during September and October, while other 

behaviours increased (Table 4). 

Sex 

For female C. kingii, perched in the canopy was the only category recorded for the 

entire study period. Males however, decreased the proportion of time spent perched 

in the canopy during September and October, and increased time spent on other 

behaviours (Table 3). Time spent alert on trunk increased the most out of all 

categories, up to 90.9% in one case (SVL = 265). The next category to increase was 

stationary on ground although this behaviour took up no more than 3 % of any 

individual's time. It was then generally the larger males observed in the other 

categories; feeding on ground (SVL = 255 and 265), head-bob on trunk (SVL = 230, 

255 and 265), and head-bob on ground (SVL = 265) (Table 3). 

{ 

The scan sampling technique recorded~ the same general pattern of behaviour for 
i 

male lizards, a decrease in the proportion of observations perched in the canopy 

during September and October and an increase in observations alert on the trunk. 

However, for all other categories, this technique generally recorded fewer 

occurrences than focus sampling technique. For example, only three lizards were 

recorded stationary on the ground compared to seven recorded by focus sampling. 

Head-bob on trunk was frilY\!_~~_?rd~Jonce, and feeding on ground and head-bob on 

ground were not recorded at all (Table 4 ). 

Sally Weekes- MTEM thesis 21 



Table J Seasonal differences in behaviour for adult male and female 
Chlamydosaurus kingii in Yanyula Park, Darwin 2002. Values represent the 
proportion of time spent in each behavioural category for individual lizards. 

%Time 

Total time Perched in Alert on Stationary Feeding on Head Bob Head bob on 
Month and animal No. days (mins) canopy trunk on ground ground on trunk ground 

May 13 ·15th 

Male 

0 3 1150 100 0 0 0 0 0 

2 3 1190 100 0 0 0 0 0 

5 3 1190 100 0 0 0 0 0 

Female 

8 370 100 0 0 0 0 

July JO. JJ th 

Male 

0 3 1110 100 0 0 0 0 0 

2 3 1!40 100 0 0 0 0 0 

5 3 1140 100 0 0 0 0 0 

Female 

No Data 

September 23 ·25th 

Male 

0 3 1161 79.6 19.3 0.9 0.1 0.08 0 

5 3 1170 99.6 0.2 0.2 0 0 0 

II 2 773 2.8 90.9 2.8 0.6 1.8 I 

16 390 100 0 0 0 0 0 

Female 

12 3 1170 100 0 0 0 0 0 

13 3 1170 100 0 0 0 0 0 

14 3 1070 100 0 0 0 0 0 

October 21 • 24th 

Male 

0 420 68.8 30.5 0.7 0 0 0 

5 4 1519 46.7 53.1 0.2 0 0 0 

15 I 420 20 79.2 0.1 0 0.7 0 

16 4 1525.5 66.2 33.4 0.4 0 0 0 

21 390 76.9 23.1 0 0 0 0 

Female 

12 3 1260 100 0 0 0 0 0 

13 4 1560 100 0 0 0 0 0 

14 1 430 100 0 0 0 0 0 

Sally Weekes- MTEM thesis 22 



Table~ Seasonal differences in behaviour for adult male and female 
Chlamydosaurus kingii in Yanyula Park, Darwin 2002. Values represent the 

I 
proportion of observations ~X observation occurred every ten minutes), for which 
individual lizards were recorded in a particular behavioural category 

% Observations 

Perched in Alert on Stationary Feeding on Head Bob Head bob on 
Month and animal No. days Total no. obs canopy trunk on ground ground on trunk ground 

May J3-15th 

Male 

0 3 118 100 0 0 0 0 0 

2 3 121 100 0 0 0 0 0 

5 3 122 100 0 0 0 0 0 

Female 

8 38 100 0 0 0 0 0 

July 10- 12th 

Male 

0 3 114 100 0 0 0 0 0 

2 3 117 100 0 0 0 0 0 

5 3 117 100 0 0 0 0 0 

Female 

No Data 

September 23 - 25th 

Male 

0 3 120 80 19.2 0.8 0 0 0 

5 3 120 100 0 0 0 0 0 

11 2 78 3.8 89.7 3.8 0 2.6 0 

16 I 40 100 0 0 0 0 0 

Female 

12 3 119 100 0 0 0 0 0 

13 3 120 100 0 0 0 0 0 

14 3 110 100 0 0 0 0 0 

October 21 - 24th 

Male 

0 43 65.1 32.6 2.3 0 0 0 

5 4 157 47.8 52.2 0 0 0 0 

15 1 43 20.9 79.1 0 0 0 0 

16 4 !57 66.9 33.1 0 0 0 0 

21 40 75 25 0 0 0 0 

Female 

12 3 129 100 0 0 0 0 0 

13 4 160 100 0 0 0 0 0 

14 44 100 0 0 0 0 0 
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3.4 Weather 

Seasonal changes in climatic conditions 

May, September and October were generally the warmest and most humid months, 

with July tending to be cooler and less humid. During the day, temperatures were 

lowest in the morning, increasing until about midday I early afternoon, peaking 

around 1 - 2 pm, after which they remain relatively constant or start to decrease. 

Humidity, in contrast, was highest in the morning then decreased throughout the day, 

increasing slightly in the late afternoon (Table 5). 

October and September had significantly higher temperatures for all measurements 

than July (d.f. = 86; P < 0.05), with the highest ambient, full shade and full sun 

temperatures recorded in October (Table 5). May had only significantly higher 

ambient and shade temperatures than July (d.f. = 86; P < 0.05). October was 

significantly more humid than May and July (d.f. = 86; P < 0.05), although the 

highest humidity value, 61 %, was recorded in September. July had the lowest 

temperatures (ambient, full shade and full sun) and lowest humidity values recorded 

for any month. Ambient and full shade temperatures were only 26 oc and 24°C at 10 

am respectively and neither reading exceeded 30 oc all day, and relative humidity did 

not exceed 47 %. In comparison, ambient air temperature during October was 33 oc 
at the coolest part of the day, full shade temperature didn't fall below 32 °C, and 

relative humidity was no less than 53 % all day (Table 5). 

July had greater cloud cover than all other months, wind speed did not vary 

significantly between months, and rain was only recorded on one occasion during 

May (Table 5). 

Daily patterns 

Morning temperatures were always cooler, 10 am having significantly lower shade 

and full sun temperatures than early afternoon (1- 2 pm and 4 pm, d.f. = 84, P < 

0.05; 12 pm, 4 pm, d.f. = 84, P < 0.05 respectively). In contrast, humidity was 

significantly higher in the morning than in the afternoon (d.f. 84; P < 0.05) in all 

months, midday (May and July) and late afternoon (September and October), being 
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when it was lowest (Table 5). Wind speed and cloud cover did not differ significantly 

throughout the day for the days sampled. 
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Table 5 Summary of weather variables recorded concurrently with observational 
data of Chlamydosaurus kingii in Yanyula Park, Darwin during the months of May, 
July, September and October 2002. Humidity(%) and daily rainfall (rnm) are for 
Darwin Airport (Bureau of Meteorology, 2002). Values represent mean(± se). 

Mean Tem~rature oc :t SE 
Mean Wind Mean Daily 

Mean Humidity Speed m/s MeanOoud Rainfallmm 
Month Time Ambient Air Full Shade Full Sun % :tSE :tSE Cover% :tSE :tSE 

May 1000 34 ± 3.4 27± I 34 ±2.6 59 ±5.8 0.5 ±0.3 0 0.4 ±0.04 

13- 15th 1100 30 ±0.2 29 ±0.3 38 ± 1.7 50±4 0.6 ± 0.1 0 

1200 31 ±0.4 30 ±0.3 44 ± 1.7 43 ± 2.6 0.6 ±0.2 5 :t 2.7 

1300 32 ±0.6 30 ±0.3 40 ±3.7 38 ± 4.5 0.5 ±0.4 27 ± 9.9 

1400 32 ±0.5 30 ±0.3 41 ±4.9 35 ±3.2 0.3 ±0.2 10 ± 9.4 

1500 33 ±0.4 31 ±0.3 40± I 44 ± 7.8 0.2±0.1 2±2.4 

1600 32 ± 0.3 30 :±:0.6 35 :±:2.7 43± 10.1 0.3 ±0 0 

July 1000 26 :±:0.1 24:±:0.6 33 :±:2.2 47 ± 8.5 1.1 :±:0.1 0 0 

10. 12th 1100 28 ±0.3 26 ±0.3 45 ± 2.4 43 :±:7.4 I :±:0.4 0 

1200 29 ± 0.5 29 :±:0.3 50± 1.5 41 :±: 1 0.8 :±: 0.5 2.1 ± 2.08 

1300 30:±:0.4 29± I 43 :±:3.8 40±2.2 0.5 ±0.4 34 ± 21.6 

1400 32 :±: 1.2 29 :±:0.3 48 ± 1.8 41:±:5 0.6 ±0.3 13 ± 12.8 

1500 30:±:0.5 28 ±0.6 38 ± 3.4 47 :±:5.2 0.2±0.1 35 ± 17.7 

1600 30:±:0.8 29 :±:0.3 41 :±: 1.7 47±5 0.9 :±: 0.4 6 ±5.5 

September 1000 31.5 :±:0.9 30±0 50:±: 2.3 61 ±3.5 0.6 ±0.03 I ±0.7 0 

23. 25th JIOO 32 :±:0.3 30 :±: 0.3 47 :±:5.3 58± 2.7 0.6 ±0.4 6 ±6.2 

1200 32 :±:0.6 32 ±0.7 53± 3.4 55± 2.2 0.7 ±0.2 0 

1300 33 ±0.7 32 ±0.3 53:±: 1.3 53 ±3.3 0.6±0.6 0 

1400 33 ±0.3 32 ±0.7 56± 1.8 43:±:4.4 0.7 :±: 0.4 0 

1500 33 :±:0.6 32 :±: 1.2 51 ±2 41 ±4.4 0.6 :±:0.2 0 

1600 33 :±:0.6 32 :±:I 50±0 37±7 I ±0.5 0 

October 1000 33 ±0.6 32 :±:0.5 44:±:2.7 61 :±: 1.8 0.8 ±0.4 28 ±9.8 0 

21- 24th 1100 34± I 32 ± 0.5 54± 1.9 58 ±0.8 0.6±0.2 4 ±3.8 

1200 34 ±0.8 33 :±:0.7 57± 2.5 55±2 0.7 ±0.2 0 

1300 34:±:0 34±0.4 55±2.7 57 ±3.2 0.6 ±0.3 0 

1400 34± I 33 ± 0.5 56±2 56±3 0.8 ± 0.3 0 

1500 35 ±0.8 34 ±0.3 52±2.4 53:±: 3.6 0.5 ±0.2 0 

1600 34 ± 0.4 34 ±0.5 49 :±:48.5 54±4 0.4 ± 0.1 0 
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4. Discussion 

In general, C. kingii moved relatively little during the study period however, 

movements that did occur took place during September and October, and made 

primarily by males. Both males and females had larger home ranges during the late 

dry season compared to early and mid dry season although female behaviour did not 

change for the entire study period. Females remained perched in the canopy in 

contrast to males who showed a clear change in behaviour during the latter half of 

the dry season. Males increased the proportion of time they spent alert on trunk and 

stationary on ground and in addition, several males engaged in head bobbing. The 

general inactivity of lizards observed may be attributed to a combination of two 

factors: season and foraging mode. Previous studies have shown that C. kingii is 

relatively sedentary during the dry season from April to August (Shine & Lambeck 

1989). This period of inactivity coincides with reduced body temperatures (Christian 

& Bedford 1995}, reduced metabolic rates and reduced water influx rates (Christian 

& Green 1994): C. kingii actively thermoregulate body temperatures approximately 4 

oc lower during the dry season than they do during the wet season (Christian & 

Bedford 1995). By doing this, they lower their daily metabolic expenditure (up to 77 

%) and water flux (up to 80 %) (Christian & Green 1994) at a time when food 

abundance (invertebrates), and water availability is low (Griffiths and Christian 

1996a). Shine and Lambeck (1989) state that frillneck lizards become active within a 

few hours after the first heavy rains prior to the wet season (around October), 

coinciding with the emergence of major sources of prey such as hymenopteran and 

isopteran alates. This study confirms that generally, C. kingii restricts its behaviour 

and movement, except for the occasional tree change, during the dry season months, 

even in a significantly modified habitat. However, there was an obvious change in 

males' activity during September and October even though very little rainfall was 

recorded. Females were not found to alter their activity. 

4.1 Weather 

Despite little rainfall being recorded, increased lizard activity towards the end of the 

dry season corresponds to general increases in humidity and temperature at this time. 

However, on a daily basis, lizard activity appears to peak when temperature does, 
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around 1 - 2 pm in September and 10 - 11 am in October (Figure 1 and Table 5). 

Thus it may be that humidity (and its consequences for evaporative water loss) has 

the most significant effect on lizard activity, once this is high enough, temperature 

(and its consequences for a poikilotherm's body temperature) then influences when 

activity will occur. 

4.2 Food 

C. kingii is a sit-and-wait predator (Shine & Lambeck 1989). Sit-and wait predators 

move relatively shorter distances per move and per unit time and also move a smaller 

proportion of the time in comparison to widely foraging predators (Huey & Pianka 

1981). Advantages of such a foraging mode include lower daily energy expenditure 

and a reduced predation rate. Food is still consumed during the dry season, albeit a 

small amount (Griffiths 1994), and although body temperatures are reduced, they are 

thought to be maintained low enough so as to conserve energy and water yet high 

enough that they can still perform effectively, e.g. digest food, escape predators 

(Christian & Bedford 1995). The results of this study reflect C. kingii as a sit-and 

wait predator. Lizards moved relatively short distances per move (means ranged 

from 7 m- 115m), and spent little time active or exposed on the ground (no more 

than 2.8 % of time was spent stationary on ground or feeding on ground, for any 

individual). The maximum distance for a continuous run was 227.2 m, considerably 

longer than that previously recorded for this species, 50 m (Shine & Lambeck 1989). 

The longer distances travelled in this study possibly a reflect the greater visibility of 

the study site habitat (no middle or lower story, or long grass), enabling individuals 

to detect danger at much greater distances than in their natural habitat. It is also 

possible that the greater distances moved in this habitat are a consequence of high 

population density, lizards having to move further in order to find not only a suitable 

tree but one that is unoccupied. 

4.3 Mating strategy 

The differences in behaviour between male and female C. kingii may be explained by 

the mating system employed by this species. The changes in male behaviour; 

increases in proportion of time spent alert on trunk, stationary on ground and head 

bobbing, towards the end of the dry season, correspond with the onset of their 
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breeding season (Griffiths 1999; Shine & Lambeck 1989). In terrestrial vertebrates, 

mating success of males is usually dependent on their ability to control access of 

other to potential mates (Emlen & Oring 1977;if~ws 1993), one way of doing this is 
/'/ 

territorial defence (Stamps 1983). Adult male C. kingii are known to actively defend 

territories during the wet season (Griffiths 1994 )~·Assuming the role of territoriality 

in C. kingii is defence of mates, suggested by the fact that males are the sole 

participants, it is logical that males engage in territorial behaviour around this time. 

Alert on trunk and stationary on ground may be forms of territorial defence by a) 

making themselves more conspicuous to rivals than if they were to remain perched in 

the canopy, and b) a form of territory 'patrol'. It is also possible that both foraging 

and social behaviour (territorial protection) are occurring simultaneously as in the 

family Iguanidae (Stamps 1977):./ 

Foraging mode is known to constrain numerous aspects of a species ecology (Huey 
-·· 

& Pianka 1981), and in lizards, social behaviour is known to be closely related to 
J 

both phylogeny and foraging mode (Stamps 1983). The two families, Agamidae and 

Iguanidae, tend to be comprised of diurnal, visually orientated sit-and-wait 

insectivores. The combination of sit-and-wait foraging strategy and heavy reliance on 

the visual modality is especially (and perhaps uniquely) conducive to successful 

home range defence. Members of both families may effectively reduce energetic 

costs by foraging and defending territories simultaneously (Stamps 1977)~e raised 

lookouts typically used by both families providing advantageous positions for 

spotting both prey and rival intruders. Notwithstanding, it is too difficult to 

determine the precise function of the two behaviours alert on trunk and stationary on 

ground for C. kingii and only inferences may be made at this stage. 

However, further evidence in support of behaviour during the latter half of the dry 

season, September and October, reflecting the mating strategy of C. kingii is the 

increase in head bobbing by males at this time. In the agamid and iguanid families, 

head bobbing is a common form of territorial defence, and territoriality is one 

mechanism by which male lizards monopolise mates. Increased activity by males at 

this time of year may also bea reflection of body size. Males being the larger sex 
\.,./"/"'"'' 

(Shine & Lambeck 1989), are energetically more costly to run therefore require food 

more frequently than females. However, this notion is not supported here, as males 
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were not found to be significantly larger than females. With respect to sampling 

methods, for future behavioural studies on agamids it is recommended that focus 

rather than scan sampling be used to record data. This study shows that significant 

behaviours such as head bobbing, can be potentially missed by scan sampling if they 

don't occupy a large proportion of a lizard's time. However, if focus sampling is not 

a viable option, its is recommended that shorter observation intervals, i.e. at least < 

10 minutes, be implemented. 

In addition to behavioural differences, male and female C. kingii have different sized 

home ranges. During this study, home range sizes ranged from 0 ha- 3.6 ha 

(minimum convex polygons) with core areas of activity generally less than 0.5 ha (60 

% kernel). Larger home range sizes were recorded in the late dry season, just prior to 

the wet (September and October), compared with the early dry season (May and 

July). Similar home range sizes and changes in home range size have been reported 

in Griffiths (1999}!Males had a mean home range of 2 ha for the entire dry season, 

increasing to 2.5 ha during the wet. Females on the other hand, were found to 

maintain relatively constant sized home ranges,- 0.6 ha, all year. Griffiths (1999)'. 
""" 

found home range size to differ significantly between sexes. This study found no 

significant difference in home range size between sexes, possibly as a result of small 

sample size and estimates derived from much shorter periods ( 4 days here compared 

with 6 months in Griffiths 1999). 

The sexual differences in behaviour of C. kingii, i.e. territoriality and home range 

size, revealed thus far, suggests that this species may have a polygynous mating 
/~ 

system. Polygyny is widespread in lizards (Stamps 1983) and a common breeding 

strategy in agamids. Although territoriality may serve several functions, in C. kingii 

it appears to be related to mating strategy as only males exhibit territorial behaviour 

and do so during the breeding season. In addition, the males exhibiting territorial 

behaviour are generally larger (SVL). A similar result was found in Lake Eyre 
/ 

dragons Ctenophorus maculosus (Olsson 1995). Only a low proportion of mature 

males (16 % ), were the owners of permanent territories. These males were 

significantly longer (SVL) and heavier than 'floaters' (not fixed individuals), 

suggesting that there may be a size advantage, i.e. larger lizards are stronger, in 

agonistic encounters. Thus only the larger males are able to defend a territory 
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effectively. Furthermore, male C. kingii have larger home ranges than female lizards, 

a necessary requirement for polygyny. If a male's territory is larger than a single 

females, then it is possible for the territorial male to encompass more than one 

female within his territory, increasing the number of his mates. However, for a 

polygynous mating strategy to be confirmed for C. kingii, future research must 

examine the spatial pattern of males in relation to females. 
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5. Conclusion 

This study was a preliminary investigation (with a small sample size) into the spatial 

organisation and behaviour of C. kingii during their non-breeding season. Both male 

and female lizards remained perched in the canopy for the cooler, drier months 

characteristic of the early and mid dry season. However, as temperature and humidity 

increased towards the late dry season, so too did male activity. Of the males that 

increased activity, larger (SVL) ones were found to be more active and engaged in 

social displays. The timing of male activity corresponds to the onset of C. kingii' s 

breeding season. These results suggest that C. kingii employs a polygynous mating 

system, however, further research into the spatial distribution of males and female 

lizards is required. 
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