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SUMMARY

Aponomma hydrosauri, Amblyomma albolimbatum and Amblyomma Limbatum are
ixodid ticks which parasitize a wide range of reptiles. The geographical
distributions of the ticks are peculiar in that they abut but overlap very
little along extensive boundaries, i.e., they are parapatric. |In this study
| searched for the factors which determined these distribution patterns.
Examination of tick distribution maps revealed broad associations between
the ranges of the ticks and climate or vegetation or both. But these
associations were not consistent along the common boundaries of any pair of
ticks. 1t was also evident that the distributions of the major host species
were not delimiting tick boundaries.

The common:boundary of Ap. hydrosauri and Amb. limbatum at Mt Mary
was examined in more detail and associations found between changes in vege-
tation, xéggé;r, soil type and the ticks. Studies were made of the behaviour,
development and seasonal activity of the ticks in the laboratory and field.
The general biology of the major host in the Mt Mary area, the sleepy 1izard7
Trachydrosaurus rugosus, was also investigated, particularly the seasonal
and diurnal activity of this skink.

These data alone, though necessary, are insufficient to uncover the
mechanisms which maintain the boundary at Mt Mary. Laboratory and field
experiments were conducted to test hypotheses proposed to account for the
narrow zone of overlap between the species. The hypotheses were firstly
that the tick species interact in such a way that each excludes colonizing
ticks from its side of the boundary, or secondly that marked changes in some
other environmental factor or factors make it impossible for colonizing
ticks to survive across the boundary. A compination of both mechanisms
‘might operate.

~The experiments did not‘provide‘unequivocal support for either kind of

hypothesis. These findings are coupled with data on the biology of the



ticks, their hosts)and the Mt Mary environmentlto model the mechanisms
by which the degree of overlap between the ticks is kept small. It

is hypothesized that Ap. hydrosauri is unable to live further north,
in the Mt Mary area, because conditions become too dry for the non-
parasitic stages. The reasons for Amb. limbatum not being found
futher south are more difficult to uncover. The possibilities of this
ticks' southern limit being due to winter cold or to interactions with
Ap. hydrosauri are examined in detail.

The relevance of these findings to the other tick boundaries_and the
future of the Mt Mary boundary are discussed. Ideas are also presented on
the possible ways in which the fick distribution patterns might have been
determined by past changes in climate and sea level during the late

Quaternary.
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1.00 INTRODUCT | ON

Population biologists have long been intrigued by situations where the
geographical distributions of two or more similar species, or forms, of
organisms are allopatric but contiguous, or are generally allopatric with a
relatively tiny area of sympatry. The study of these situations is
contributing much to our understanding of ecology and evolution.

Smith (1955, 1965) coined the term 'parapatry' to cover distributions
which were allopatric but 'in contact'. Vaughan (1967) and Key (1968)
used 'parapatry' for distributions-in which there was a narrow zone of over-
lap. Others have also used the term to include cases where there is a
hybrid zone at the boundary (Bull 1973). | prefer this term, covering
the three situations described, to the alternative 'contiguous allopatry'.

Parapatric distributions are quite common throughout the world
(White 1978), and parapatric bqundaries have been found between species or
forms of animals from many taxonoéic groups (e.g. mammals (Miller 196L4),
reptiles (Gorman and Hillman 1977), birds (Terborgh 1971), amphibians
(Jaeger 1970), insects (Key and Balderson 1972) and crustaceans (Connell 1972)).
In some cases the boundaries are between quite distinct species, which do
not interbreed, in other cases hybrid zones are found where the populations
contact.

It is thought that many parapatric boundaries arise from the secondary
contact of formerly isolated populations. However some workers believe that
parapatric boundaries may also, in some cases, be primary, and that the two
populations may have differentiated by mechanisms which do not involve
geographical separation (Bush 1975, White 1978). White (1978) describes
three models of speciation which fall into this category; "clinal speciation',
"area-effect speciation'' and ''stasipatric speciation'.

Most explanations proferred to explain the existence of parapatric



distributions fall into two categories (see Chapter 6). One is that the
boundary between the two populations lies along a marked discontinuity in
some environmental factor, or factors, for which the two populations have
very different requirements. The discontinuity could be a major, readily
observed one, i.e., an ecotone, or more subtle and cryptic. Its effect may
be indirect - e.g., it may act on a third species (a predator, a competitor
or a host) with which the two in question interact. The other kind of
explanation is that the two populations interact in some way so that they
cannot be sympatric. This interaction could be competitive, where at least
one species is prevented from successfully co]onjzing the other's range by
competitive interaction. The boundary then might be stable or moving. I f
stable it would be ekpected to coincide with an environmental discontinuity

as described above (e.g., Miller 1964). If the boundary is moving (e.g.,
r

i

Crowell 1968), the aﬁfmél whose range is being decreased may be moving towards
extinction or to a stable situation as above. Another possible interaction
giving rise to this type of distribution is that of two populations which give
ri;e to unfit hybrids at their boundary which prevent successful immigration
(e.g., Littlejohn et al., 1971).

Parapatric distributions might persist or be temporary. They might
break down and the populations become sympatric. This could occur if
some condition in the environment changes, or the organisms change so that
the animals can survive within each other's range, or the cause of a
competitive interaction is removed (these possibilities are not mutually
exclusive). A parapatric distribution might also be disrupted by the two
populagions introgressing. There is as yet little evidence reported of either
means of disruption of parapatric distributions in nature.

At a boundary where the parapatric distribution is determined by
interactions between the populations there may be selection for characteristics
different from those in alTopatry. When this occurs the resultant change

is called character displacement; see Grant (1972.6) for a review of this



topic. The selection could be for character divergence, e.g. for increased
premating isolation between the populations which would prevent the wastage
of reproductive effort on unfit hybrids or for characteristics which reduce
interspecific competition. On the other hand there might be selection for
convergence of characters which would, for example, allow efficient division
of the narrow zone of overlap by interspecific territoriality (Cody 1973).

It can be seen that the study of parapatric distributions involves
consideration of a number of mechanisms important in determining the compo-
sition of animal communities.

Investigation of parapatric distributions should enable ecologists to
assess the relative importancé of the phenomena listed above in influencing
the distribution and abundance of animals. One has only to consider the
long and often bitter debate on the role and importance of interspecific
competition in structuring communities to appreciate the importance of this
prospect (Krebs 1978).

Michael Smyth (1973) observed that 3 species of ixodid ticks,

Aponomma hydrosauri, Amblyomma limbatum and Amblyomma albolimbatum,
distributed widely in Australia, had geographical distributions that 'abut
but overlap very little along very long boundaries'. This observation led
him to ask two questions. Firstly, why are the boundaries where they are?
And secondly, why is there so little overlap?

Smyth studied data on the distributions of the three ticks from
collections and collectors in many parts of Australia. |In particular he
made extensive collections in three areas of South Australia. They were the
Cleve area, where Amb. albolimbatum and Ap. hydrosauri are parapatric, and
the Pt. Pirie and Morgan regions where Ap. hydrosauri and Amb. limbatum meet.
The ticks proved to be restricted to reptilian hosts but parasitized many
species. There was no evidence that the distributions of the ticks were
coincident with those of any particular hosts. There were, however, broad

correlations with average annual rainfall and, in one case, soil type.



Nevertheless there was no rapid transition in obvious environmental features
that was consistently associated with the common boundary between a pair of
species.

Bull and Smyth (1973), studied the water balance of the ticks as 'the
ticks' distributions are at least broadly related to aridity''. They
hypothesized that a tick's ability to survive arid conditions would be
correlated with the aridity of its range and that this ability might account
for the positions of the boundaries between species. Their results were to
some extént equivocal. Although Ap. hydrosquri showed a greater water loss
than the two Amblyomma species, as expected from the more southerly range
of the former, Amb. albolimbatum which occurs south of Amb. Llimbatum was the
most resistant to desiccation!

The preliminary work by Michael Smyth and Michael Bull (Smyth 1973, Bull
1969, Bull and Smyth 1973) motivated the present enquiry into the factors which
might bring about the parapatric distribution pattern of the ticks. The way
in which this problem was tackled is outlined below.

Additional data on the distributions of the ticks were collected so that
the distribution patterns could be examined closely. These data have been
pooled with those of Michael Smyth and are to be found in Chapter 2 where the
maps give a broad scale view of the situation. However, it was reasoned
that factors responsible for the parapatric boundaries are best discovered
by the close-up examination of such boundaries. The well-defined boundary
between Ap. hydrosauri and Amb. Llimbatum east of Spencer Gulf seemed most
appropriate for such work. A study area on this boundary was chosen at
Mt. Mary,where it was known that ticks and their hosts were abundant and
that the land had been subject to only minor interference by man (see Chapter
5). This tick boundary was also the closest to Adelaide and thus presented
fewer logistic problems than the more distant alternatives. The ticks |
Ap. hydrosauri and Amb. 1limbatum were studied more closely than the thifd

species Amb. albolimbatum. However it was immediately apparent that any



consideration of the ultimate (historical and evolutionary) causes of the
present distribution patterns must include consideration of this tick (see
Chapter 7). There are parapatric boundaries between all three species and
where Amb. albolimbatum is present in Western Australia the limits of
distribution of the other ticks are in quite different positions from those
in Eastern Australia where Amb. albolimbatum does not exist. Thus,
relevant data on Amb. albolimbatum have been included in this study.

The interpretation of data on distributions requires knowledge of the
general biology of the ticks, their life-cycles, behaviour, movements,'etc.
Indeed many studies of the factors which limit tick distributions have
largely involvedstudies of their behaviour and physiological ecology (Arthur
1962). Information of this type is presented in Chapter 3.

A most important aspect of the ecology of these parasites is their
dependence on various host species. In Chapter 4 the known hosts of the
ticks are examined to see if they might, by their behaviour and/or
distribution, influence the distribution of the ticks.

| pointed out above that, in general, two types of explanations are used
for parapatric distributions. Chapters 5 and 6 describe tests of the
following hypotheses as explanations for the parapatric boundary between
Ap. hydrosauri and Amb. limbatum at Mt. Mary.

1. That the boundary lies along a discontinuity in some environmental

factor or factors for which the species have different requirements.

2. That the two species interact in some way so that they cannot be

sympatric.

In Chapter 5 the Mt. Mary study area is examined in detail. The
boundary between Ap. hydrosauri and Amb. limbatum is explored to establish
its position, whether or not it is stable and its relationship to the
distribution of other environmental factors. In Chapter 6 information is
presented on the experiments performed to test the hypotheses and models are

presented to explain, in terms of present day(proximal)processes, the



parapatric boundary at Mt. Mary.

The whole study is examined and discussed in Chapter 7. Here
information on the ticks and their ecology is combined with information on
past climates and sea levels in Australia in order to explore the ultimate

(historical and evolutionary) causes of the present distributions.



2.00 THE GEOGRAPHICAL DISTRIBUTIONS OF THE TICKS

2.10 Introduction

Roberts (1970) made the first significant attempt to describe the ranges
of these and other Australian ticks. Earlier workers had too few specimens
to make other than fleeting comments on the subject (Ferggson 1925, Fieiding
1926, Johnston 1932, Neumann 1899). Roberts noted that although members
of the two genera, Aponomma and Amblyomma, are found throughout the world,
Ap. hydrosauri, Amb. albolimbatum and Amb. Zimbatym seem to be confined to
Australia and some of the islands on the continental shelf.

There is no evidence that Roberts detected the peculiar nature of the
geographical distributions of the ticks, i.e., that they were parapatric
(Roberts 1953, 1964, 1969, 1970). Smyth (1973) provides an explanation for
this. He showed that a number of the records of the Amblyommas, used by
Roberts, were probably incorrect. Roberts' data contained four records of
Amb. albolimbatum from Victoria,while Ferguson (1925) and Fielding (1926)
recorded it from New South Wales and Queensland. Smyth doubted that the tick
occurred in eastern Australia. Examination of two of the Victorian
collections showed one to be Ap. hydrosauri and the other to come from
Western Australia. Fielding's identification was probably wrong (Roberts,
1964) and Ferguson's specimens have been lost. There was also a misleading
record of Amb. limbatum, an inhabitant of arid and tropical regions, from
King Island in the Bass Strait. Smyth found that the specimens, which in
fact are the type specimens (Neumann 1906), were actually labelled '"L'ile

' Smyth examined results of other collecting trips to the Bass Strait

King.'
Islands and examined his own data on the range of Amb. Iimbatum. He
decided that L'ile King could not be King Island in the Bass Strait.

Amb. postoculatum Neumann had also been collected on L'ile King at the same



time as the type specimens of Amb. Ilimbatum. Roberts (1964) states that

Amb. postoculatum has only been collected in the field once since, on

Bernier lsland off the coast of Western Australia where Amb. limbatum is also
found. No one is sure where the original L'ile King is,but it is possible
that it is Bernier Is]and’or!nearby.

Smythjduring his study Qf the ticks examined specimens/lodged with a
number_of museums and research institutions. These included the South
Australian Museum, the Western Australian Museum, the National Museum of
Victoria and the Waite Agricultural Institute. With these records plus the
data he obtained from examining a variety of snakes and lizards, he drew up
the distribution maps which are shown in his 1973'paper. He made gktensive
collections in three parts of South Australia:near Cleve, Pt,Pirie and
Morgan, these being parapatric boundaries between Amb. albolimbatum and
Ap. hydrosauri in the first area and between Amb. limbatum and Ap. hydrosaurt
in the other areas. He did not gather sufficient data to map a boundary
‘between the two Amblyommas. | was given these records which consist of 433
record cards each detailing the ticks taken from an individual host. They
have been used together with my own records, consisting of 1060 record cards,
to map the geographical distributions of the ticks. The data recorded on
the cards are shown in appendix 1.

A1l the tick specimens Dr. Smyth and | collected in the field were taken
from reptiles. The lizards and snakes were usually captured alive by hand
or with noosing poles, often near or on roads. Sometimes snakes and lizards
were found killed on roads, these were examined and any ticks attached were .
taken. Voucher specimens of ticks taken from reptiles in the field have
been kept.preServed in 70% alcohol.

Some of the tick specimens have been given to us by a variety of
people. Care has to be taken in using such samples as in some instances the
information gained may be misleading. Some people sent ticks that had been

on reptiles, particularly sleepy lizards Tr. rugosus, kept as pets. Often



these lizards which had been captured many miles away from their new home, may
well have brought ticks withthem, and might have picked up ticks in the new
area or from other reptiles in the collection. Another potential danger
concerns the use of bags in which herpetologists are wont to place captured
specimens. A number of local biologists have regularly collected reptiles

in various parts of Australia and have generously allowed their catch to be
searched for parasites. 1t was soon evident that some of these collectors
used the same bags on successive trips to different parts of the state.
Further, it was %ound that ticks may detach from a host in such a bag and
perhaps weeks later they can attach to the next occupant of the bag.

Other studies on tiék distributions have been made easier by the
development of techniques to obtain samples of unattached ticks in the field.
These are discussed in more detail in Chapter 3 and include 'flagging'
(Boardman 194k4), carbon dioxide traps (Garcia 1962, 1965; Nosek and Kozuch,
1969), flotation methods (Salt and Hollick 194k4) and the Tullgren funnel
method (Wood 1965). Flagging involves dragging a cloth over pasture to
which ticks, which live in the sward, attach, e.g. Ixodgs ricinus (Milne
1945a). It proved inappropriate for the reptile ticks in that their micro-
habitats off the hosts were quite different from those of pasture ticks like
I. ricinus (see Chapter 3). The CO, trapping method relies upon the ticks

2

being attracted to high CO, concentrations and moving along concentration

2
gradients. In Chapter 3 | show that this does not happen with the three
reptilian ticks. The flotation and funnel methods were also found to be
useless for gathering distribution data.

It is perhaps as well, in one respect, that the ticks'1behaviour is
not influenced by CO2 gradients. Earlier it was said that many of the ticks
collected in the field were found on hosts near or on roads. McEnroe (1971)
noted that the American dog tick)Dermacentor variabtilis was influenced by
the CO, gradient produced by automobiles on roads! He stated that the

2

adult tick distribution in America had been changed and that ticks along



10.

roadsides remained active for several weeks longer than those in adjacent
open fields. It is unlikely that Ap. hydrosauri or either of the Amblyommas
are similarly influenced.

In order to plot the distributions of related animals it is essential
that they can be distinguished. These matters are discussed at length in
Chapter 3. All stages of Ap. hydrosauri were readily distinguished from the
other ticks. The Amblyomma adult ticks were easily distinguished but more
difficulty was experienced with immature stages.

The distribution maps of the three ticks are presented below in 2.20
for Australia overall. Section 2.30 contains a description of the pattern
in South Australia where data are most abundant. In this section
correlations with climate and topography are examined and the distributions

are discussed.

2.20 The Australia-wide distribution of the ticks.

The geographical distributions of the ticks in Australia and islands
on the continental shelf are shown in figure 1. |In this and the other maps
in this chapter individual marks on the map represent ticks from one or
more hosts. Thus the numbers of ticks represented by marks may vary
greatly. Also in some areas too many tick -infested reptiles have been
caught to enable them all to be plotted.

Ap. hydrosauri has been collected extensively from reptiles in south
eastern Australia, and Tasmania and the Bass Strait lIslands. Smyth (1973)
reported that Dr. M. Bull had found specimens of the tick near Albany and
Bremer Bay in Western Australia. Dr. D. King of the Agriculture Protection
Board in that state has kindly collected and sent to me many tick specimens
from various western regions and we have examined specimens found attached
to reptiles in the Western Australian Museum. Figure 2 shows the distribution

of the ticks in Southern Western Australia which has resulted from these



Figure 1. Australia, showing the distribution of
records of Amb. albolimbatum, Amb. Llimbatum  and”

Ap. hydrosauri.
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Figure 2. Part of Western Australia, showing the

distribution of records of Amb. albolimbatum and

Ap. hydrosaurt.
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11.

endeavours. |t shows that there is a population of Ap. hydrosauri in

the Capte Naturaliste area and that other specimens have been discovered
near Albany, Bremer Bay and Esperance. It is not yet known if the latter
occurrences represent one or more populations. The Western Australian
collections reveal a similar pattern to that which exists in South Australia
i.e. Ap. hydrosauri and Amb. albolimbatum are parapatric (see Sharrad and
King 1979 in appendix 6).

Roberts (1970) also reported finding Ap. hydrosauri in Queensland
infesting echidnas, Tachyglossus aculeatus, and other mammais. This tick,
which certainly has different host preferences from the southern reptilian
Ap. hydrosquri, seems to represent a quite isolated population. TH%S matter
is discussed further in Chapter 3.

Amb. albolimbatum is absent from south eastern Australia but occupies
a considerable portion of south western Australia. Amb. Ilimbatum is the
most wide spread of the three species, being found in arid, semi arid and

tropical regions and islands off the northern coast.

2.30 The Distribution in South Australia.

Figures 3, 4, 5 and 6 outline the present knowledge of the tick
distributions in South Australia. Figure 3 gives the overall picture while
figures 4, 5 and 6 concentrate on areas of interest.

The maps support the findings of Smyth (1973) that the tick distributions
abut over long distances but overlap very little. This is most evident with
the boundaries between Amb. albolimbatum and Ap. hydrosauri on Eyre
Peninsula, and between Amb. limbatum and Ap. hydrosauri east of Spencer Guif.
The boundary between the two Ambolyommas on Eyre Peninsula has not been well
defined. It may not be as clearly parapatric as the other two boundaries
in that the ticks might occur together over a broader band or may not be in

contact in some areas.



Figure 3. Part of South Australia, showing the
distribution of records of Amb. Limbatum

Amb. albolimbatum and Ap. hydrosauri. |sohyets(mm)
shown are taken from the Commonwealth Bureau of

Meteorology (1968).
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Figure 4. Part of Eyre Peninsula, South Australia;
showing the distribution of records of 4Amb. albolimbatum

and Ap. hydrosauri.
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Figure 5. The Pt Pirie area of South Australia;
showing the distribution of records of Amb. Llimbatum

and Ap. hydrosauri.
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Figure 6. Part of eastern South Australia, showing
the distribution of records of Amb. limbatum and
Ap. hydrosauri and the location of the Mt.Mary study

area.
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12.

Another striking feature of the distributions shown on f%gure 3 is
that there are no records of these ticks on Kangaroo Island. This large
area, 150km x 60km, is only 10km from the mainland at the closest point
and lies well within the climatic rnage of Ap. hydrosauri. Extensive
collections have been made from reptiles on the island and it is unlikely
that any species parasitizing them would have been missed. Another tick
Aponomma fimbriatum is found there on goannas, Varanus gouldii, and also
on the mainland where it is broadly sympatric with each of the other three
ticks. In Chapter L the geographical distributions of the hosts are
examined and it is shown that important hosts, particularly sleepy lizards,
Tf. rugosus, are not found on Kangaroo Island. The sleepy lizard and
Ap. hydrosauri are both found .on the smaller Wardaﬁg Island in Spencer Gulf.
Thus the problem of explaining the presence or absence of ticks on these off-
shore islands becomes, to some extent, thelproblem of explaining the presence
or absence of their hosts. This involves a discussion of changes in climate
and sea level in the past and how these may have influenced the ticks and
their hosts. These matters are pursued in Chapter 8.

Smyth (1973) noted that the common boundaries between the tick species
broadly correlated, in some areas, with average annual rainfall, vegetation
and soils. He found, however, that these correlations were not consistent
along the full length of the boundaries. Such general correlations have been
demonstrated for a number of tick species in other continents. Russian
workers have mapped the distributions and calculated indices of abundance
for a number of tick species over a variety of habitats and vegetation
types (Brovko 1966, Drozdova and Sapegina 1965, Popova, et al. 1966,

Subotnik 1956). These studies, and others in North America (Semtner et al.
1971), in Scandinavia (Ohman 1961) and in southern Africa (Theiler 196&);
c]ear]y demonstrate correlations of this type, i.e. between the boundaries
of tick species and climate and/or vegetation. The reasén for such

correlations was first clearly exposed by Milne (1944) in his study of the
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distribution of the sheep tickWIxodes rieinus, in the north of England.
Ticks spend only part of their lives attached to hosts imbibing blood (see
Chapter 3); the other part of their lives, and it may be the longer portion,
is spent off the host in some microhabitat suitable for moulting or egglaying
or awaiting a host. It is at this stage that they are most vulnerable to
desiccation, starvation or extremes of temperature. The nature of the
microhabitat of the tick off the host is thus crucial. Milne showed that

I. ricinus required a thick mat of vegetation on the ground in which to
develop off the host and in which to avoid desiccat}on. Such a microhabitat
depends upon the vegetation type so I. riecinus cannot survive in habitats
where the vegetation does not have these characteristics. However it must
also be noted that, although the tick's microhabitat may possess appropriate
structural qualities, it may experience weather that is too dry or too cold;
thus the correlations between climate and tick boundaries. Subotnik (1956),
for instance, showed that Rhipicephalis sanguineus in Russia had its geo-
graphical range restricted by the average monthly températures during cold
months of the year and by relative humidity in the hot months. These two
factors, temperature and humidity, are perhaps the most important climatic
variables in influencing tick development, fecundity, behaviour and, thus,
distribution (Arthur 1962). But it is the humidity and temperature in the
tick microhabitat that is important, and this may vary within an area which
receives uniform amounts of solar radiation and rainfall, with variations

in soil type and vegetation type. Humidity and temperature vary with the
seasons and, as Subotnick (1956) points out, the effects of either may only
be important for part of the year. Therefore it is unlikely that tick
boundaries would fall neatly along average annual isotherms or isohyets for

the whole of their length.

The climate of South Australia is of the type experienced in the

Mediterranean region, in south western United States of America, southern
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and western South Africa and in Chile, i.e. winters are cool and wet while
summers are hot and dry. Most of the State has irregular rainfall with

great variation from year to year and a low average rainfall. The southern
part of the state has regular winter rainfall - see the isohyets on figure 3.
The 250mm isohyet serves as an approximate division between the two areas.
Temperature and evaporation increase as one goes north - see figure 7. Both
temperature and rainfall are influenced by the Mt.Lofty - Flinders Range
system which runs north and south along the eastern side of the Gulfs
(figures 3 and 7).

The boundary between Ap. hydrosauri and Amb. limbatum in South
Australia runs for approximately 600km on the eastern side of Spencer Gulf.
For most of its length it can be plotted accurateiy but there are too few
records in the Lower Flinders Ranges and the Northern Mt.Lofty Ranges east
of Pt Pirie to tell where it runs. Reptfles have proved elusive in that
area. The boundary in the Pt Pirie area was examined closely by Smyth and
:later in the present study (see figure 5). Similarly the areas east of
these Ranges were studied in some detail, see figure 6.

The boundary between Ap. hydrosaquri and Amb. limbatum drops steeply
southward on the eastern side of the Mt.Lofty Ranges, the rain shadow side.
Along this north-south portion the boundary follows closely the 250mm
isohyet (see figures 3 and 6). The boundary curves to run east-west just
along.the northern bank of the River Murray. For much of this distance Ap.
hydrosauri extends a little north of the 250mm isohyet into regions where the
average annual rainfall is less than 250mm. Smyth (1973) suggested that in
the Mt Mary area the boundary corresponds closely with the transition from
mallee scrub to plant associations more characteristic of arid areas.

Between the Mt.Lofty Ranges and Spencer Gulf Ap. hydrosauri extends furthes

" north along the coast, while inland Amb. 1imbatum is found. Smyth noted that
in this area the former is in the area which receives ;he lower rainfall.

However Ap. hydrosauri does not approach the 250mm’isohyet which passes
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through Pt,Augusta to the north. These observations show that
consideration of rainfall alone is inadequate in explaining the position of
the boundary. |t can be seen in figure 7 that the mean annual temperature
and thus evaporation are much higher in this area than in the tick boundary
region east of the Ranges. The Ap. hydrosauri in the coastal strip near Pt.
Pirie are probably in a more humid region, as Smyth (1973) suggests, than
further inland despite the higher rainfall in the latter area.

In the Flinders Range{Ap. hydrosauri stops well south of the 250mm
isohyet while Amb. limbatum extends further south of that isohyet there than
elsewhere in the State. Amb. limbatwn in this area experiences rainfall in
excess of 350mm per annum. However, it is known that these a;eas of the
Flinders Rangé which have high average annual rainfall receive rain less
regularly than areas with similar averages further south (Kidson 1925).
There would then be longer periods of low humidity in the southern Flinders
Range than in more southerly areas.

On Eyre Peninsula, west of Spencer Gulf, all three species are found.
(figure 3). Amb. albolimbatum extends in a narrow, coastal strip across the
Great Australian Bight and occupies central Eyre Peninsula. It seems to be
bounded to the north by the 200mm isohyet, which also marks the southern
boundary of Amb. Ilimbatwn on Eyre Peninsula. There is in the southern part
of the Peninsula an isolated population of Ap. hydrosaurt which has a common
boundary with Amb. albolimbatum just south of the L40Omm isohyet.

Smyth (1973) detailed the eastern portion of this boundary in the Cleve
area. Further collecting trips were made to the area during the present
study; see figure 4. Here Ap. hydrosauri seems to push a narrow extension
of its range north just inland of Arno Bay. This narrow projection broadens
in the Cleve Cowell area. In the narrow se;tion inland from Arno Bay
Ap. hydrosauri and Amb. alboltmbatum are found together, but in the broadened
section further north there is a large area where only Ap. hydrosauri is

found. There seem, as Smyth suggested, to be no obvious correlations between
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rainfall or humidity and the tick distributions in this area.

If the tick distributions on the eastern side of Spencer Gulf are
contrasted with those on the west, the most obvious difference is the broad
band of Amb. albolimbatum which separates Amb. limbatum and Ap. hydrosauri
on the western side and the common boundary between these two ticks on the
eastern side (figure 3). |In Chapter 1 it was observed that parapatric
distributions may result from competitive interactions between the species
involved. The difference between the distributions of Ap. hydrosauri and
Amb. limbatum, with and without Amb. albolimbatum being present,
necess{tates én examination of the hypothesis that the parapatric
distributions of the ticks may have resulted from competitive interactions

between them.

In summary, the ‘analysis above has given rise to a number of observa-
tions and questions. The ticks do seem to have parapatric distributions,
though more information is required on the boundary between the Amblyommas.
The positions of the boundaries seem generally to correlate with climate, and
in some areés with vegetation, i.e. the factors which influence the micro-
habitat of ticks off the host. The irregularities in the correlation between
measured climatic factors and tick boundaries probably arise because the
measured factors do not necessarily accurately mirror the actual conditions
in the microhabitat of the tick, and because these conditions depend on the
interaction of a number of factors. Another observation that can be made is
that the difference in distributions between the areas with and without Amb.
albolimbatum means that explanations of the parapatric boundaries by
hypotheses whic; invoke interspecific competition must be seriously examined.
Also, in attempting to model the manner in which the current distribution
pattern arose one must account for the absence of ticks, and some of their

hosts, from Kangaroo lsland.

It was clear that there were two parapatric boundaries suitable for this



17.

study; the boundary between Amb. albolimbatum and Ap. hydrosauri on Eyre
Peninsula and the boundary between Ap. hydrosauri and Amb. limbatum east
of Spencer Gulf. Hypotheses erected in an attempt to explain the distri-
butions needed testing at a tick boundary. It can be seen from figure 3
that the closest boundary to the Adelaide laboratories, where this study
was based, is the one between Ap. hydrosauri and Amb. limbatwn near Mt.
Mary. This area was chosen not only for its proximity but because it was
relatively sparsely populated by people, reptiles were known to be abundant
there and it was well served by a grid of roads.

The discussion earlier in this chapter indicates that information is
needed on the biology of the ticks, with precise'details of’their behaviour
physiological capabilities and tolerances and of their hosts. These matters
are examined in chapters 3 and 4. Data are given on all three species
because, although the thrust of this work is to uncover the mechanism(s)
involved in determining the boundary between 4p. hydrosauri and Amb.
limbatum, the ecology of Amb. albolimbatum - seems inexorably linked with
that of the others, particularly when considering the ultimate causes of the

distributions (see Chapter 8).
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3.00 GENERAL BIOLOGY OF THE TICKS.

3.10 Introduction:

From ancient times to the present a number of tick species have attrac-
ted considerable attention from biologists in many parts of the world
(Arthur 1962). This interest is due to the propensity of these species to
attack humans and their domestic stock, often transmitting fatal or
debilitating diseases. Accordingly there is a vast literature on the
biology of many mammalian and avian ticks and the diseases that they transmit
while ticks that prey on reptiles or other non-domes ticated animals are, by
comparison, little studied. The three ticks examined here have been exposed
mainly to taxonomic investigations (Denny 1843, Koch 184k, Lucas 1861,
Neumann 1899, 1906, 1911, Patton and Cragg 1913, Ferguson 1925, Fielding 1926,
Robinson 1926, Johnston 1931, Tubb 1938, Seddon 1947, 1951, Robefts 1947,
1953, 1964, 1969, 1970). These concentrate on their morphological charac-
teristics, particularly of the adults rather than immature stages, and only
touch briefly, if at all, on other aspects of their biology. More detailed
information on the life histories, physiology and ecology of the ticks is
presented by Bull (1969), Bull and Smyth (1973) and Smyth (1973).

The three species have similar life histories of a type common to many
of the Ixodidae (hard ticks) in that they are three-host ticks, see figure 8.
This means that they pass through three distinct morphological stages in
their life cycles; larvae (LL), which have six legs, and the nymphs (NN)
and adults (88 and 9g) with eight legs. Only in the adults is there apparent
sexual dimorphism. At each of these three stages the ticks attach to
reptilian hosts by inserting thgir mouthparts through the host's skin and

imbibe large, slow meals of blood or other substances from the host over a
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period of time ranging from 5 days under some conditions to over two weeks
under others. The remarkably extensible cuticles of the ticks allow them to
increase greatly in volume and weight during the meal. Engorged larvae,
nymphs and adult females detach from the host in the refuge (e.g. bush or
burrow) it frequents and there find suitable crevices for moulting or, in
the case of the female, for laying eggs (over 4,000 in some species). The
adult male ticks do not engorge but frequently detach from the host and
wander over its body in search of females with which they mate.

The taxonomy and identification of the ticks is discussed in detail

below. Information is also presented on the life cycles of the ticks, their

behaviour and physiology.

3.20 Taxonomy and ldentification of the ticks.

In order to map the geographical distribution of a species, one must be
able to identify the animal and distinguish it from other related specieg.
Also, knowledge of the nomenclature applied to the organism by past workers
is vital if their records are to be used. The task of distinguishing these
tick species from one another is complicated by the existence within each
species of four morphologically distinct types; larvae, nymphs, adult males
and adult females. Below are reviews of the taxonomic literature on the
three ticks and comments on the ease with which they can be separated from

each other in the laboratory and in the field.

3.21 Aponomma hydrosauri (Denny)

Denny (1843) described an unknown number of female ticks collected in

Tasmania from a 'Hydrosaurus gouldii' (Roberts 1964). He named them
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Ixodes hydrosauri. Roberts (196L) reported that he had searched unsuccess-
fully for these type Speciméns but was satisfied by Denny's 'brief and
inadequate' description that they were of the species now called Ap. hydro-
squri. tt is also interesting to observe that Roberts (1953) deduced that
the 'Hydrosaurus gouldii' , of Denny, was the goanna Varanus gouldit.

and the other varanids are not believed to occur in Tasmania
(see Chapter 4). Perhaps Denny, or the collector of the ticks, had confused
a large skink with Hydrosaurus gouldit.

The tick suffered four name changes in the sixty years from 1843. Koch
(18&4) referred to the tick as Amblyomma hydrosauri.. Lucas (1861) came
upon specimens of the tick on 'Trachysaurus scaber' and named them Ixodes
trachysauri. The genmeric affinities of the tick were established by
Neumann (1899) when he described the genus Aponomma. However he described
the tick as ‘two species Ap. hydrosauri and Ap. trachysauri, the latter from
Lucas' type specimens.

‘Neumann (1906) then complicated the matter when he reported finding 1
d*and 5 el ticks on an echidna, Tachyglossus aculeatus. These he identified
as‘Ap. concolor, described by him in 1899, and he decided that this species
was the same as the one named Ap. hydrosauri. The name Ap. hydrosauri was used
to describe the echidna tick by Neumann (1906), Patton and Cragg (1913),
Ferguson (1925), Fielding (1926), Seddon (1947), and Roberts (1947, 1953).
The reptilian tick, to which this section is devoted, was called Ap.
trachysauri by Patton and Cragg (1913), Ferguson (1925), Fielding (1926),
Johnston (1932), Tubb (1938), Seddon (1947, 1951) and Roberts (1947, 1953).

Roberts (1953, 1964, 1970) resolved the matter. In his 1953 paper he
referr;d to the echidna tick as dp. hydrosauri, the reptilian tick as Ap.
trachysauri and also described some Queensland specimens from echidnas and
one from Bos taurus as Ap. tachyglossi. In the 1964 paper he described the

mistake made by Neumann (1899, 1906), revealing that 4p. concolor was a parasite
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of echidnas and that Ap. hydrosauri and Ap. trachysaur were synonyms. He
restored the name Ap. hydrosauri to the reptile tick and discarded trachy-
sauri. The new species Ap. tachyglossi (Roberts 1953) was later said to be
identical with Ap. hydrosauri (Roberts 1970).

This leaves Ap.. hydrusauri as the tick with a southern Australian dis-
tribution where it parasitizes reptiles and an isolated population on
echidnas near Rockhampton Qld. Dr. Smyth and | were loth to accept that the
Qld. ticks were Ap. hydrosauri. The identification has, however, been
confirmed by Drs. Roberts and Kemp of the C.S.1.R.0. Long Pocket Laboratories
and Dr. Smyth (Kemp. Pers. Comm., Smyth, Pers. comm). The Qld. ticks are
morphologically indistinguishable from the southern reptilian ticks. . It
would be interesting to pursue this matter further with mating trails and
electrophoretic combarisons of the northern and southern populations.

Ap. hydrosauri 381 09 and NN are readily distinguished in the fie]d'and
laboratory from the other eight Australian Aponommas. Ap. concolor, which
Neumann (1906) thought to be identical to the Ap. hydrosauri he viewed in
1899, has only been found on the echidna, Tachyglossus aculeatus, and never
on reptiles. It is also morphologically distinct from Ap. hydrosauri at all
stages of the life cycle excepting LL (Roberts 1953, 1970). Ap. fimbriatum
is the only other member of the genus found on reptiles in South Australia.
It is quite different in appearance from Ap. hydrosauri and is found on
snakes and goannas.

Although the genus Aponomma is thought to be most closely related to
Amb Lyomma (Neumann, 1906),7their members are readily distinguished.

At all stages of the life cycle Amblyommas have ‘'eyes' which Aponommas lack
(the terminology is that used by Robinson (1926) and Roberts (1970)). Apart
from this differencejthere are great differences in body size and shape and

ornamentation between Ap. hydrbsauri and the two Amblyommas. (Roberts 1970).
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3.22 Amb 1yomma albolimbatum Neumann

and Ambylomma 1imbatum Neumann

Neumann (1907) described Amb. albolimbatum from a 'Trachysaurus rugosus'
found in Western Australia. He had earlier (1899) classified ticks from
'Lile King' and 'Adelaide' as Amb. limbatum. Neither species has attracted
such confusion in nomenclature as has Ap. hydrosauri, and later works which
comment on them include Robinson (1926), Ferguson (1925), Johnston (1932),
and Roberts (1953, 1964, 1969, 1970).

‘The 99 of the two species and of one other, Amb. moreliae, L. Koch (1867),
which does not appear to live in southern Australia, are said by Roberts
(1953) to be difficult to distinguish. |t can also be added that their NN
and LL have proved well nigh impossible to separate. The 83’present less of
a problem (Roberts 1953) and fortunately these are the ones most often
encountered in the field. Amb. albolimbatum d%ﬂ and té a lesser degree,

QQ, are usually distinguishable from the other species. There are rare
specimens, however, which | have found difficult to so categorize. This
occurred with specimens (vial No 153) collected near the boundary between

Amb. albolimbatum and Amb. limbatum south of lron Knob, South Australia.

The &8 collected appeared almost intermediate in morphology between Amb.
albolimbatum and Amb. limbatum! 1t is not known if in fact the two species
can or do hybridize. Sharrad and King (1979) report similar difficulties with
a few such specimens from Western Australia (see appendix 6).

The most serious difficulty is in contrasting Amb. limbatum and Amb.
moreliae. In fact Neumann (1899) suspected that Amb. Iimbatum might only
be a variety of moreliae. Roberts (1964) reported that investigations
convinced him that the 'two sbecies may be readily distinguished'. Roberts
(1970) described the ranges of the species and showed that they overlap.

However, it seems that Amb. moreliae occurs mainly in eastern Australia,
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while Amb. limbatum is found in all mainland states. | have found no
recognizable Amb. moreliae in South Australia during this study. However, |
have obtained specimens from interstate and am confident that they, or at
least the adults, can be distinguished from Amb. limbatum. More data are
needed, though, on the geographical variation of the ticks, particularly in
eastern Australia, before | can share Dr. Roberts' confidence that they are
two distinct species.

Sharrad and King (1979) report the 6ccurrence of very small Amb.
limbatum from the north-west of Western Australia. The d&‘ofathese,ticks are
smaller than the minimum size listed by Roberts (1970).

| suggest that a thorough examination of Amb. limbatumfrom various parts
of its huge range would reveal the existance of several distinct subspecies
or species.

There are other Amblyommasclosely related to the ones above. The firsf
is an undescribed species first recognized by Dr. Smyth from specimens
" collected in the Flinders Ranges of South Australia (Smyth pers. comm.) |
have collected a number of specimens since, and it proves easily recognizable
due to its remarkable gold ornamentation. This species appears confined to
large skinks, particularly Egernia stokesii, in the Flinders Ranges. The
second was recently discovered among specimens from Western Australia
(Sharrad and King 1979.,appendix 6) and had parasitized a blue tongue lizard

(Tiliqua occipitalis) near Derby.

3.23 The reliability of tick identification

In chapter 2 the method used to construct the distribution maps of the
ticks is explained. The nature of the data collected in the field from tick -
infested reptiles is outlined in éppendix 1. Ticks were .identified in the
laborator? using an Olympus SZ TIT stereo microscope and the keys of

Roberts (1970). These keys require the observation and measurement of
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various morphological attributes of the ticks.

Some species are readily distinguished, or some stages are, and could
even be sorted in the field with the aid of a hand lens. Others are more
difficult to tell apart but may be confidently recognized in the laboratory
with the aid of a microscope. Sometimes it is virtually impossible to
assign specimens, particularly LL, to a particular species although one can
recognize their generic affinities. In the following table (1) the above
three categories are applied to the 3 ticks and 4mb. moreliae (see 3.22).

Table 1

The ease with which the ticks can be differentiated from one another.

F - readily and reliably distinguished even in the field. L - more difficult
to distinguish but this has been done reliably in the laboratory with the aid
of a microscope. X - where it has proved impossible to distinguish the ticks.

NN = Nymphs. LL = Larvae.

Aponomma
hydrosauri
Amb Tyomma QQ F
Albolimbatum 3éd F
NN F Amb Lyomma
LL L albolimbatum
QQ F L
Amb Lyomma, 34 F F
Limbatum NN F X Amb Lyomma
LL L X limbatum
Amblyomma Q9 F L L
Moreliae &d F F L
NN F X X
LL L X X

The table summarizes information discussed in 3.21 and 3.22 above.
It can be seen that Ap. hydrosauri is readily distinguished from all the other
ticks at all stages. It is also readily sorted from all other Aponommnas

except in the case of LL. It is within the genus Amblyomma that the diffi-
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culties lie. The three species listed above are only distinguishable as
adults, particularly 4d. Fortunately Amb. moreliae has not been found in
South Australia_and is therefore unlikely to influence the reliability of the
local distribution maps in Chapter 2. The more serious observation to make
here is that although(ﬁfcﬁ:Amb.Zimbatum and Amb. albolimbatwn are usually
quite distinct, some specimens have been found which are intermediate in
morphology (see 3.22). This must be taken into account when consideration

is made of the boundary between these two ticks.

3.30 Life Cycles of the Ticks.

The three ticks have life histories of a similar type in that they ére
all threefhdst ticks (fig 8). However there is great scope for both tem-
poral and spatial variation between them at each of the stages o% the life
cycle. The ticks might, for example, parasitize lizards at different times
of the year or exhibit different patterns of seasonal and/or diurnal
behaviour. They might seek different microhabitats in which to moult or
lay eggs. Such differences in behaviour could mean that the ticks are
exposed to quite different environmental conditions.

Apart from different behavioural reactions the ticks might also vary in
their physiological capacities. Both areas have to be illuminated if the.
parapatric distributions of the ticks are to be understood. Bartholomew
(1958) point out that to find out why a species lives in one area but not
another area (nearby in this case) you need information on the physiological
capacities of the animal, its behaviour and an understanding of the

environment in the areas concerned.

3.31 Seasonal activity of the ticks.

It has been clearly demonstrated in a number of tick species that



Figure 8. A diagram of the life history of a

three-host tick.
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infestation of hosts is seasonal in nature. Milne (1945 a & b), who
followed MacLeod (1939) in studying the sheep tick Ixodes ricinus in
Scotland and northern England, called the period during which the ticks
infected their hosts the season of 'tick activity'. '"Activity' is a poor
word to use here because ticks may be active without infesting a host.
However | follow the lead of other workers and use it below. The sheep
tick was shown to exhibit a pulse of "activity' during spring and in some
areas during the autumn as well. A number of other three-host ticks have
clearly defined seasonal ''activity'. Some, such as Dermacentor reticu-
latus, exhibit similar seasonal patterns to I. ricinus but others, such as
Rhipecephalus appendiculatus do not (Arthur 1962). Two-host ticks, where
LL do not detach before moulting to NN, may also exhibit seasonal variation
in "activity". Pomerantzev and Matikashvich (1940) and Grobov (1946) noted’
that the "activity'' of Hyalomma rufipes was confined to certain seasons.
Arthur (1962) implies that one-host ticks, in which LL, NN and adults remain
attached to the one host, do not seem to exhibit seasonal "activity'.
However Sutherst and Moorhouse (1972) show that the cattle tick, Boophtlus
microplus, is more abundant on cattle during some seasons of the year and in
lower numbers at other times. There are some three-host ticks which have
no apparent seasonal 'activity'', notably those that live in their hosts'
burrows, e.g. I. hexagonus (Arthur 1962).

The seasonal "activity' of ticks may vary within the one species over
its geographical range. Macleod (1939) and Milne (1945 a) showed that in some
areas of northern England I. ricinus was active in spring and autumn.
Edwards and Arthur (1947) and Evans (1951) showed a similar pattern for
I. ricinus in Wales, but Milne (1945 a) had shown that sheep ticks in parts of
Scotland were only '"active' during spring. Similar variation with geography
has been shown for Rhipecephalus appendiculatus in Africa by Lounsbury
(1904), Wilson (1953) and Matthyse (1954). Arthur (1962), in a review of

the literature on this topic, pointed to comparable variations in Hyalomma
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detritum in Russia and H. excavatwm in the Middle East. Some ticks exhibit
the same seasonal pattern over their range but it is displaced in different
areas. Gregson (1951) showed that D. andersoni in drier parts of British
Columbia had a shorter "activity'' season than those in wetter parts. Stampa
and du Toit (1958) noted that in the Karoo paralysis tick,I. rubicundus,
seasonal behaviour varied with altitude.

The above observations are consistent with the idea that climate has a
great influence on tick development. Macleod (193L4) observed that relative
humidity and temperature were the outstanding factors influencing the
development of I. ricinus. |t can be seen that thése facéors would vary
with topography; thus bopulations of a tick species in different areas with;
presumably, similar physiological capabilities may have their "activity'"
confined to.different periods. There has been some debate, however, on just
how factors such as temperature control the seasonal '‘activity' ‘of ticks.
MacLeod (1939) postulated that in the sheep tick unfed ticks were available
in pasture for periods much longer than the "activity'' season but that they
were unable to invade a host at temperatures outside a range of 7.2 - 15.50C:
Milne (1945 a) and Lees and Milne (1951) rejected this hypothesis and showed
that temperature controlled the development (egglaying, moulting etc.) of the
ticks and thus the supply of unfed ticks. Thus in I. ricinus ticks are most
lactive' when the supply of unfed ticks is greatest. |In other ticks though,
it may well be that unfed ticks are available throughout the year but that
they are only able to attach to hosts for a short period. This could be for
a reason like that suggested by Macleod above, or that the hosts' life
histories imposed such a restriction.

A particular stage in the life cycle of a tick often Bas a pattern of
Mactivity'' different from other stages. Smith, Cole and Gouck (1946)
determined the seasonal ''activity' patterns for each of the instars of
D. variabilis (American dog tick) by trapping rodent hosts and counting the

attached ticks. They found that LL were most "active' early in spring, NN
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were "active'' later in summer while adults parasitizing rodents slowly
increased in numbers throughout spring and decreased again in summer. In
this case the LL had over-wintered and during the warmer spring weather
they quickly attached, engorged, .detached and moulted to NN which formed
the summer pulse. Similar differences between the "activity' of instars
has been shown in a number of species including; Amb. variegatum,
H. exavatum, H. detritum, D. parumapertus, D. retuilatus, D. andersoni
and I. ricinus (Arthur 1962).

| mentioned above that characteristics of the host might also affect
the "activity" of ticks. Some support for this occurring is supplied by
investigations of ticks which have many hosts. Milne (1945 b) observed that
I. rietnus infests differeﬁt host species at different times. He particu-
larly noticed differences between major infestations on sheep and on wild
animals and birds. Randolph (1975) noticed that I. trianguliceps had
different "activity' patterns on different species of small rodents.

Seasonal "activity" seems, from the above analysis, to be due to the
requi rements of the tick off the host to develop to the next stage of the
life cycle and then to detect and invade a host without, in the meantime,
succumbing to harsh environmental conditions. The microhabitat that the
tick occupies during this time must represent a compromi se between these
requirements. For considerable periods, in some regions, climatic conditions
completely prevent either further development or finding a host. Ticks in
these conditions, when it is too cold or too dry, have been said to
hibernate or aestivate (Gregson 1951, Arthur 1962), or to diapause
(Razumova 1965, Doube 1975). ' It is evident that the onset and
duration of diapause is under photoperiodic control in a number of ticks

(Belozerov 1968, Doube 1975)..
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3.311 METHODS

A very few methods have been used to delimit the 'activity' season of
ticks. Often workers have counted numbers of ticks on hosts at regular
intervals and calculated the average number per animal, as Milne (1945 a)

did with I. ricinus. Boardman (1944) describes another method which has often
been used since. Ticks which live in pasture sit on the tips of the
vegetation when in search of a host and will attach to a cloth or bianket

of cotton, flannel or wool if it is drawn past them. This technique; called
'flagging', was used by Milne and many later workers on other ticks and allows
calculation of tick numbers/flag/man/hour (see Drozdova and Sapegina 1965). a
Another method arose from the discovery that many ticks will, when active, be
attracted to higher than normal concentrations of COZ, a way in which they
detect potential host, particularly mammals. Garcia 1962, 1965, Miles 1968,
Nosek and Kozuch (1969), Hair Hock, Barker and Semtner (1972) and Wilson,
Kinger, Sauer and Hair (1972) describe how such ticks may be trapped and
counted. |If ticks move about on the ground they may also be caught on
prepared sticky surfaces (Lees 1953).

In this investigation flagging proved useless. The ticks do not live
in grassy pastures or climb to the grass tips to find a host. Off the host
they live under bushes, bags or sheets of iron where the hosts take refuge.

A dragged cloth would not pass near the ticks and they would not cling to
it. Similarly the CO2 trap technique does not work. The ticks are not
stimulated by CO, gradients (see later). Information on seasonal '"activity"
was gained by catching reptiles whenever possible throughout the study and
counting the numbers of each instar of each species attached - see appendix
1.

The examination above of the other studies on seasonal “activity" of
ticks illuminates a number of possible pitfalls in using this technique.

The seasonal activity of ticks might vary in timing on different hosts.
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This problem is largely overcome as the vast bulk of tick infested reptiles
caught were sleepy lizards (Tr. rugosus). It was also noted above that

the seasonal "activity' of ticks might vary over their range. Study of the
data indicates that for Amb. albolimbatum and Amb. limbatum records are from
quite small parts of their ranges and do not represent populations from
widely different climatic regions. The bulk of the ticks collected is of
Ap. hydrosauri and was taken from most parts of its range in South

Australia - from Mt Mary which averages 225mm of rain per annum to areas of
the Adelaide Hills with up to 1000mm per year.

There is a major difficulfy in using data from captured reptiles to
compile dafé on ticks' seasonal 'activity''. The reptilian hosts are diffi-
cult to capture during some seasons (see Chapter 4). During winter, lizards
. (which are ectotherms) are unlikely to move about in southern South Australia
and remain in very cryptic refuges. Similarly during the hot dry months of
late summer lizards like Tr. rugosus are seldom seen. This means that
estimates of tick "activity' during those times are based on much smaller
samples than in spring. In some cases below | have had to present combined
data from two or more months because of this.

There are three ways in which the raw data from field collections can
be presented to give an indication of seasonal 'activity''. Many workers in
this field (see Arthur 1962) simply divide the number of ticks collected in
a period of time by the number of hosts caught in that time to give the
average number of ticks (LL, NN, 3d or 99) per host. Additional information
can be gained by calculating the average number of ticks of a particular
stage on hosts parasitized by that stage. Alternatively one can see if
there is a seasonal change in the proportion of hosts infested with a

particular stage out of the total number of hosts examined.
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3.312 Aponomma hydrosauri

Figures 9, 10 and 11 present data collected on the seasonal "activity"
of the ticks. To avoid problems discussed above, only records of numbers
of ticks on Tr. rugosus have been used. Very low numbers of these lizards
were found during Autumn and Winter months. Alsq7examination of the data
revealed consistency within some seasons. So results for the months March
and April have been pooled as have the numbers for May, June and July.

Figure 9 shows the overall average number of ticks per host obtained
by dividing the total number of ticks of a particular stage by thg total
number of lizards recorded for that period. Figure 10 shows the proportion
of the total number of hosts recorded during a period of the year that were
found to be infested with a particular stage. The average numbers of ticks
of a particular stage on lizards infested with that gtage are shown in
Figure 11.

Examination of these figures supports the comment of Bull (1969) that
ticks are found on lizards throughout the year. However there is a distinct
seasonal change in abundance on hosts. LL and NN are most abundant in
spring and their numbers drop quickly in summer. It can be seen that the
numbers of LL and NN on sleepy lizards increase sharply in August and peak
in September - October. The numbers then drop sharply agaiﬁ during summer.
In March - April there appears to be a slight increase in the numbers of
immature stages on lizards (see figure 11) reminiscent of autumn pulses in

“tick "activity" discussed above in 3.31. However the number of hosts
examined was very low, only 24, and the average, numbers of ticks per host
do not, on analysis, vary significantly from the other figures for summer
and winter.

The sbring figures for LL are.underestimates of abundance on hosts.

Some lizards collected during spring had very large numbers of LL attached

and it was often too time consuming to count them all. These cases were



Figure 9. The seasonal activity of Ap. hydrosaurt,
showing the average number of ticks per host
recorded per month. Due to low numbers of hosts

in some months, data have been pooled for March
and April and for May, Juné and July. The
numbers - of hosts on which ticks were counted are
recorded at the bottom of the figure for each

time period.

All the hosts were sleepy lizards, Tr. rugosus.
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Figure 10. The seasonal activity of Ap. hydrosauri,
showing the proportion of tick/infested hosts (Tr. rugosus)
infested with a particular stage of the tick's lifecycle.
Data are pooled for March and April, and for May, June and
July. The numbers of hosts on which ticks were counted

are shown at the bottom of the figure for each time period.
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Figure 11. The seasonal activity of Ap. hydrosauri,
showing the average number of ticks of each stage
parasitizing hosts (Tr. rugosus) that were infested
with ‘that stage.

Data are pooled for March and April}and for
May, June and July. The numbers of hosts on
which ticks were counted are shown at the bottom

of the figure for each time period.
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recorded as have 'many LL, greater than 100'; in fact some lizards had
over 400 ticks attached to them. Only those records where accurate counts
have been made are included. Thus the spring peaks in figures 9 and 11
should be higher.

It is apparent that the spring pulse in larval "activity' results from
both an increase in the proportion of lizards infested by ticks (figure 10)
and an increase in the number of LL infesting individual hosts. The same
is probably true of NN, but the proportion of hosts infested with NN does
not drop as dramatically in summer and winter as in tEe case of the LL.

Also the spring(puise of "activity'' seems relatively prolonged in NN;
figure 11 shows high numbers per host continuing into Novembef;

- The adult ticks do not exhibit the same pattern of seasonal abundance
on hosts as the immature stages. Q ticks may be ‘found on hosts throughout
the year. Numbers per host are as low during early spring as they are at
any time of the year. The indication is that QQ are less abundant in
winter and their numbers pick up from mid spring through-summer. cpr.
hydrosauri are to be found attached to sleepy lizards throughout the year.
There is a suggestion of a spring peak in "activity'" in figure 9 but the
averages for each month do not depart significantly from each other.

The seasonal "activity' pattern of the ticks may be explained by con-
sidering the effects of seasonal changes in temperature and humidity on the
development of ticks off the host and on the ability of ticks to imbibe blood
from hosts and detach. The hosts of Ap. hydrosauri are poikilothermic thus
attached ticks experience quite different conditions as ambient temperatures
change from season to season. So do detached ticks for they are also poikilo-
thermic. Seasonal changes in humidity,however,would probably most greatly
influence ticks off the host, as attached ticks have tapped a large supply
of water.

During winter in southern South Australia temperatures decrease and

humidity levels rise; most rain falls during winter (Aust. Bur. Met. 1975).
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The average daily temperatures here do not fall below freeiing point as they
do during the winters experienced by some of the tick species mentioned in
3.31 above. The moderately cold conditions would certainly slow development
of ticks off the host and also slow the feeding of attached ticks. Thus
there would be few ticks moulted and ready to invade hosts, and few engorged
ticks detaching. When temperatures increase during August both groups of
ticks, attached and detached, would increase their activity. Q9 attached
would quickly engorge, detach and lay eggs which would quickly hatch in the
higher temperature regime. Detached, engorged e which had been prevented,
by low winter temﬁeratureg, from laying their eggs would do so. Unhatched eggs
would begin to hatch rapidly. Thus there would be aISpring pulse.of LL.

LL are the most numerous stage of ticks. A o Ap. hydrosauri may lay
3,000 eggs - see later. So the spring pulse of "activity'" is marked. The
LL can engorge, detach and moult within a month. Thus newly moulted NN
are supplied later in spring. This probably explains why the Mactivity"
peak of the NN extends further into November than the LL. Also the numbers
of NN are lower than LL which probably reflects a high mortality rate after
LL detach. Other NN are suppjied early in spring as engorged LL might have
over-wintered, prevented by low temperatures from moulting.

Another factor probably contributes to the high numbers of ticks
attaching in spring. The hosts have been in refuges during winter (see
Chapter 4 for details). During spring their activity is also at its
greatest. The lizards would move about within their home ranges during the
‘day and at night creep into refuges under bushes or logs. In Chapter 4 it
is shown that lizards have a number of such refuges in their home range
which they may use. During spring they are most likely to spend time in
many of them whereas during winter most refuges would be empty of lizards.
Thus ticks which stay in these refuges (see later) would have a much greater

chance of encountering a host during spring.
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During the summer the activity of lizards decreases (see Chapter k)
and it is possible that ticks have a lower chance of finding them. This
could partly explain the decline in the proportion of hosts parasitized
by ticks during summer.

d ticks are shown later in this chapter to remain unengorged on
lizards for long periods of time perhaps a year or more seeking the
opportunity to mate with 0Q- This long stay tends to mask seasonal
changes in numbers of new ticks attaching. |t should also be remembered
that adult ticks are relatively small in number compared with LL. QQ are
least often encountered in the field for this reason and because they do
not stay very_long on hosts, unlike the 4d.

Studies on a population of Ap. hydrosauri at Tickera (upper Yorke
Peninsula) by Dr M. Bull and others have largely substantiated the pattern
of infestation reported above (Bull pers. comm.). Weekly trips to this
study area revealed a very marked pulse of larval infestation of sleepy
lizards (Tr. rugosus)in the spring. This was followed by marked peakg
of infestation of NN and adult ticks. These data show that, for the
Tickera population, the seasonal pattern of infestation is more pronounced

than my data suggest.

3.313 Amb 1yomma 1imbatum

Data on the seasonal "activity' of Amb. limbatum are presented in
figures 12, 13 and 14. These were prepared and are presented in the same
manner as that in 3.312 for 4p. hydrosauri. The records come from the Mt
Mary boundary area and from areas just north of it. They may not be repres-

entative of populations in other parts of the State.



Figure 12. The seasonal of Amb. limbatum, showing
the average number of ticks per host (Tr. rugosus)
recorded over periods of two months. The numbers of
hosts on which ticks were counted are shown at the

bottom of the figure for each time period.
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Figure 13. The seasonal activity of Amb. limbatum,
showing the proportion of tick infested hosts
(Tr. rugosus) infested with a particular stage
of the tick's life cycle. Qata are presented
J] Gunar w4

for time periodsjtwo months“1ong.

The numbers of hosts on which ticks were
counted are shown at the bottom of the figure

for each time period.
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Figure 14. The seasonal activity of Amb. Limbatum,
showing the average number of ticks of each stage
parasitizing hosts (Tr. rugosus) that were infested
with that stage.

Data are presented for periods of two months
duration. The numbers of hosts on which ticks
were counted are shown at the bottom of the figure

for each time period.
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There does not seem to be as marked a pattern of seasonal '"activity'" in
this tick as there is in Ap. hydrosauri. Part of the reason for this may lie
in the difference in climate between areas south of the Mt Mary - Morgan
area, where Ap. hydrosauri lives, and north of Mt Mary where Amb. limbatum
is found. As one travels inland, north from Mt Mary, rainfall becomes less
frequent and temperatures increase (see figures 3 and 7). This could mean
that the development of Amb. limbatum is less influenced by low winter

‘temperatures than is the case for Ap. hydrosauri to the south. The seasonal
activity patterns of hosts might aiso change, with climate, from the type
described in 3.312 above.

There is a suggestion in the figures that LL are more abundant and
infest more lizards during spring and summer. The NN seem also to be more
abundant in spring and summer. Adult Amb. limbatum seem to behave much like

Ap. hydrosauri adults.

3.314 Amb 1lyomma albolimbatum

There are insufficient records of these ticks to attempt the construc-
tion of graphs like those presented for the other species; The nearest
Amb. albolimbatum population to Adelaide is 500km away in the Cleve area
of Eyre Peninsula. Thus few collecting trips could be made and those that
were conducted were timed so that lizards were likely to be active. Records
are therefore only available for the spring months September, October and
November. The results for the three months are pooled and presented in the

table below.
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Table 2

Spring abundance of Amb. albolimbatum in

the Cleve area. Records of

the numbers of these ticks infesting sleepy lizards Tr. rugosus during the

months of September, October and November are
In column 1. The average number of ticks per

NN

Nymphs
LL = Larvae
In column 2. The proportion of the number of

infested with that stage.

used to show; .

host collected.

hosts collected that were

In column 3. The average number of ticks of each stage parasitizing hosts

which are infested with that stage.

The number of lizards recorded = 56.

1 2. 3.
0 1.17 0.54 2.3
?So‘ L. 25 0.96 b4
NN 1.8k 0.32 7.23
LL . 7-69 0.29 29.89

The averages shown in table 2 are of the
values for Ap. hydrosauri and Amb. limbatum.
stages are similar and so are the proportions

stages. The numbers are a little higher than

not known if this is a significant difference.

same order as the spring

The relative abundance of the

of hosts infested by the various
in the other species but it is

More data need to be collected.

One would expect Amb. Albolimbatum to have a similar pattern of seasonal

activity to Amb. limbatum. The two ticks are

very similar, mophologically,

although the latter is smaller. If as suggested in 3.313 above, the

differences in seasonal activity between Ap. hydrosauri and Amb. limbatum are

largely due to climatic differences which influence tick development and

lizard activity, then Amb. albolimbatum might well have an intermediate type
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of pattern. This would mean that Amb. albolimbatum would have a more pro-
nounced spring pulse of activity than Amb. limbatum. However more data need

to be obtained to accurately test this hypothesis.

3.32 Frequency distributions of ticks on hosts.

Bull (1969) suggested that LL of Ap. hydrosauri tend to remain in aggre-
gations after hatching,and thus lizards are likely to be infested either
heavily or not at all. 'In this section the patterns of infestation are
examined for each instar of Ap. hydrosauri and Amb. limbatum and this
hypothesis is tested. The records used in 3.31 above are used for this
purpose.

Figures 15 and 16 show the frequency with which particular numbers of
Ap. hydrosauri were found on sleepy lizards (Tr. rugosus). Figure 15 shows
similar information for the immature stages. The records are from thoughout
the year. |t is evident that the 83 are most often found on lizards while
other stages are much less ofteﬁ to be found.

A similar pattern is shown in Figures 17 and 18 for Amb. Limbatum.
There are few data on Amb. albolimbatum,but those collected suggest, that
the pattern is similar to that of the other ticks (see 3.314).

The figures suggest for both species that there may be some clumping of
LL and perhaps NN on lizards, as Bull (1969) suggested. This can be tested.
If ticks invaded hosts in a random fashion, i.e., hosts had equal chances of
being parasitized, and the mean number of ticks per host was Tow, one would
expect the observed freqeencies of ticks per host to fit a Poisson distri-
bution (Sokal and Roh1f 1969). The distribution of frequencies would depart
from the Poisson distribution if clumping occurred.

In the tables below the observed frequencies of numbers of ticks on
lizards are compared with Poisson distributions calculated from the sample

means. See Sokal and Rohlf (1969, pp 85-95).



Figure 15. Frequency distributions of the number'
of adult Ap. hydrosauri (68" and @g) found on sleepy
lizards, Tr. rugosus.

Lizards were searched for ticks throughout the
year and the results pooled.

N = the number of records used to compile the

frequency distribution.
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Figure 16. Frequency distributions of the number, of
each immature stage of Ap. hydrosauri (NN and LL)
found on sleepy lizards, Tr. rugosus.

N = the number of records used to compile the

frequency distribution.
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Figure 17. Frequency distribution of the number‘of
adult Amb. Limbatum (80" and 99) found on sleepy lizards,
Tr. rugosus.

N = the number of records used to compile the

frequency distribution.
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Figure 18. Frequency distributions of the numbers
of each immature stage of Amb. limbatam (NN and LL) found
on sleepy lizards, Tr. rugosus.

N = the number of records to compile the

frequency distribution.
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Table 3.

Ap. hydrosaurt 29 infesting 394 sleepy lizards Tr. rugosus

No. of °1¢) Observed Poisson Deviation from
expected
frequencies expectation
0 E 0-E
0 268 251.5 +
1 87 112.9 -
2 29) )
3 8) 39 ) 29.6 +
4 2) ) '
Total 394 394.0
y = 9.h449 2 = 0.578 cb = 1.288
'x?i = 10.0 (x2 .005(1) = 7.89
2 ) ; s ( sample variance )
The coefficient of dispersion C D = — P
g | Sample mean )

In a Poisson distribution the variance is équal to the mean. Thus if C D =1
the agreement with a Poisson distribution is good. However.a Chi-square test
for goodness of fit of observed to expected frequencies was also performed
(Sokal and Rohlf,'1963) p. 259). For this reason some of the frequencies
have been lumped as no expected frequency should be less than 5 for the
Chi-square test. As there are 3 classes of frequencies the degrees of
freedom are maximally 3-1 = 2. However as the Poisson mean was estimated
from the sample mean another degree of freedom must be removed, leaving 1.

It can be seen that, although the coefficient of dispersion is near 1
(1.288), the Chi-square tests leads to rejection of the null hypothesis that
the observed frequencies of o9 Ap. hydrosauri on TIr. rugosus follow a Poisson
digtribution (p<.005). Thus it seems that 29 of this tick are not randomly

distributed among lizards in nature, but are clumped. Similar analyses are

performed below for other stages of Ap. hydrosauri.
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Table 4

Ap. hydrosauri 82 infesting 377 sleepy lizards, Tr. rugosus.

No. of &8 Observed Poisson Deviation
frequencies expected from
frequencies expectation
0 ' E 0-E
0 L 15.9 +
1 90 50.4 +
2 72 79.7 -
3 50 84.1 -
L 33 66.5 -
5 24 42 .1 -
6 16 22.2 -
7 14 10.0 +
8 18
9 8 ) )
10 2 ) )
11 2 ) )
}g : ; 37 ; 6.1 +
1h 2 ) )
15 1) )
16 1) )
21 1) )
Total 377 377.0
y = 3.165 ‘g2 = 8.796 CD=2.779
X = 269.8 (x? .005 ;) = 20.28)

It can be seen that clumping occurs in gg\Ap. hydrosauri.
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Table 5

Ap. hydrosauri NN infesting 346 sleepy lizards, Tr. rugosus.

Nepof Observed Poisson

NN frequencies expected Peviation from
frequencies expectation
0 E 0-E

0 195 66. L4 +
1 48 109.6 -
2 40 90.5 -
3 14 k9.7 -
L 9 20.5 -
5 7) )
6 8 ) )
7 6 ) )
8 5) )
9 2) )

10 1) )

11 2) kLo ) 9.3 +
12 3) )

13 2 ) )

14 1) )

18 1) )

28 2 ) )

Total 346 346.0
g = 1.65 s2 = 11.504 © CD=6.972
Xg = 425.2 (x2.005(6) = 18.55)

Similarly’observed frequencies of NN of Ap. hydrosauri do not fit a

Poisson distribution.
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. Table 6

Ap. hydrosaurt LL infesting 358 sleepy lizards, Tr. rugosus.

No. of LL Observed Poisson Deviation
frequencies expected from
frequencies expectation.
0 E 0-E
0 228 0.3
1-10 80 319.2 -
11-20 17 38.4 -
21-30 10 ) )
31-40 5 ) )
41-50 5 ) )
21_60 7 g ;
1-90 1
91-100 7 ) 33 y 01 *
111-120 1) )
161-170 2 ) )
231-240 1) )
Total 358 358.0
g = 7.123 82 = 476,886 CD = 66.950
x2 - huge P - very low

Of all the stages of 4p. hydrosauri?the LL seem most strongly clumped.
This would be expected if LL remained together after hatching while awaiting
hosts.

The same analysis was performed on Amb. Llimbatum infestfng sleepy

lizards, see below.
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Table 7

Amb. Llimbatum 99 infesting 352 sleepy lizards, Tr. rugosus.

No' of Observed Poisson Deviation

9 frequencies expected from
frequencies expectation
0 E 0-E

0 227 219.6 +
1 97 103.6 -
2 20 ) )
: 29 28 ) 28.8 ,
5 2) )

Total 352 352.0

y = 0.472 s?2 = 0.597 | CD=1.26h
2 = 0.692 (X2.o5(1) = 3.84)

In this case we must accept the null hypothesis that the observed

frequencies follow a Poisson distribution.

Table 8

Amb. Llimbatum 33‘infesting 347 sleepy lizards, Tr. rugosus.

No. of Observed Poisson Deviation

58 frequencies expected from
frequencies expectation
0 E 0-E

0 L8 34.2 +
1 110 79.2 +
2 72 91.8 -
3 37 70.9 -
L 34 b1 -
5 19 19.0
6 8
7 8
8 6
9 1 29 10.8 +
10 2

11 1

16 1 _

Total 347 347.0

y = 2.317 s% = k4 644 C D = 2-00k4
2 _ 2

X5 = 73.9 (x“.005(5) = 16.75)
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The &8 amb. limbatum show clumping. The nature of the departures from

the Poisson distribution are similar to those shown by Ap. hydrosaurti.

Table 9.

Amb. limbatum NN infesting 362 sleepy lizards, Tr. rugosus.

No..of Observed Poisson Deviation

NN frequencies expected from
frequencies expectation
0 E 0-E

0 228 88.7
1 74 124.8 -
2 23 87.7 -
3 9 h1.1 -
4 7 ) 14.4 =
5 7 ) )
6 1) )
7 1) )
8 3 ) )

11 1 )21 )

13 3 ) ) 5.3 +
22 1) )

28 1) )

29 1) )

42 1) )

91 1) )

Total 362 362.0

y = 1.406 §2 = 35.622 CD = 25.3356

Xz = 362.6 (x2.005 (4) = 14.86)

The Amb. Limbatum NN also exhibit clumping.
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Table 10

Amb. 1imbatum LL infesting 367 sleepy lizards, Tr. rugosus.

Nor" of Observed Poisson Deviation
LL frequencies expected from
frequencies expectation

0 E 0-E

0 323 18.3 +

1-10 32 348.6 -

11-20 2 ) )

21-30 1) )

31-40 1 ) ) 0.1

51-60 1) 12 ) +

71-80 1 ) )

100 6 ) )

Total 367 367.0

y = 2.997 s2 = 258.808 C D= 8.356

x2 = huge P = very small

The LL of Amb. Ilimbatum show marked clumping.

Apart from oo Amb. limbatum, all stages of both species show clumping.
The nature of the clumping is consistent in that the numbers of lizards with
no ticks or with many ticks are greater than expected. Such a pattern may
be due to ticks only awaiting hosts in a few places in an area. These places
are likely to be lizard refuge sites but probably not all such lizard
shelters contain ticks. The pattern would also be produced if ticks were
only available in individual sites for short periods of time and different
lizards used the same refuges at different times. Such patterns of
infestation would also result if lizards already infested with ticks were
more attractive to additional ticks or if some lizards were either gcod or
poor hosts for ticks.

The observed infestation paFterns could be produced in other ways7however.
Differences in infestation rates between areas within the sampled are;lor
differences in infestation rates at different times of the period sampled,are

such possibilities. Bull (1978 b) has since examined these matters carefully
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in a population of Ap. hydrosauri near Tickera on Yorke Peninsula. He
found that adult & and Q ticks showed geographical heterogeneity in their
distribution patterns and that this can account for the observed non-random
distribution of & on lizards. The Q¢ infested their hosts at random.

The LL and NN both showed non-random distribution patterns. These patterns
changed both with time and locality but even when these sources of
variability were removed the analyses showed that the patterns retained

a non-random (clumped) character.

Bull (1978 b) presents supporting evidence for his earlier hypothesis
(Bull 1969), that ticks are clumped and that lizards are likely to be
infested heavily or not at all. He cites unpublished data on tick aggre-
gating behaviour (seel3.3414) and the behaviour of lizards to support this
model. He suggests that lizards (Tr. rugosus) have overlapping home ranges
which contain many refuge sites (for the lizard) and that these sites may
only be occupied by one lizard at a time. The ticks detach from lizards in
these sites and they don't venture from them. Q ticks lay their eggs in the
refuge in which they detach and the resulting LL remain in an aggregation
until a lizard enters and receives a massive infestation. The engorged LL
detach in another (or the same) site later but within each site the ticks
remain aggregated and tend to all infest a particular host together. In
3.3414 below further evidence is presented to show that unattached ticks

do aggregate.

3.33 . Tick Populations in Field Enclosures.

In 3.31 data on the seasonal dynamics of the ticks were presented.
These data were obtained by sampling hosts at various times throughout the

year and counting the ticks attached to them. This method is only partly
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satisfactory because the hosts are very difficult to find in autumn, winter
and late summer. Thus samples of hosts (and ticks) were often too small to
give a clear picture of tick infestation patterns. Other workers have found
the method more successful when applied to ticks whose hosts are homeothermic
(e.g., Clifford et al., 1976, Macleod et al., 1977, Patrick and Hair 1977 and
Randolph71975).

in order to observe the ticks in nearly natural conditions throughout
the year and thus help overcome this problem, enclosures were constructed in
the field to house groups of lizards and their ticks. The opportunity was also
taken to test the hypothesis that the ticks might exhibit interspeﬁific
competitive interactions. This latter aspect 6% the enclasure studies is
discussed in detail in Chapter 6.

Enclosures were constructed near Pt,Gawler (40km north of Adelaide) on
a property named Buckland Park. The site was selected for its isolation from
interference and because ticks (i.e. Ap. hydrosauri) and their hosts were
known to live there.

The area selected was 100 metres inland from the edge of the coastal
salt-marsh. The substrate was a shallow layer of soil over deep shellgrit
on which grew a low scrub dominated by Olearia axillaris and Acacia ligulata.
Rabbits and cattle grazed in the same paddock.

Two enclosures were built during September 1970 ‘and two more were
erected in January 1972. Each enclosure was constrqcted from sheets of flat
galvanized iron 60cm wide. The ends of the strips were riveted together to
form a circular enclosure 10m in circumference. The bottom edge of the
iron was buried 15cm under the soil surface leaving a wall 45cm high. The
structure was secured by star pickets.

Enclosures were sited so that there were lizard refuges and adequate
cover in each. This raised the concern that the enclosure might enclose
ticks native to the area. To overcome this problem sleepy lizards were

placed in the enclosures during the spring and summer and checked to see if
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they became infested. |In each case it proved an unnecessary precaution.
Six similar enclosures were constructed in the Mt,Mary study area.

These are described in Chapter 6.

3.331 Aponomma hydrosauri.

Enclosure 1 was chosen to house a population of Ap. hydrosauri.

Four lizards (Tr. rugosus) that had lived in the enclosure since the
previous September were infested with LL on the 15th and 29th March 1971.
The methods used to breed ticks in the laboratoryﬁand of infesting lizards
are described in appendix 2. Each lizard received 400 LL. Approximately
half/had hatched from eggs laid in:the laboratory by a Q collected at Pt.
Gawier and half from a ) captured at the suburb of Tea Tree Gully about
16km north east of Adelaide. The eggs had hatched during late December
1970. The LL were kept in the dark at 25°C., 85% R H until used in March.

The infested lizards were placed in enclosure 1 on 30.3.1971. The
enclosure was visited each week and the number of ticks on each host and
their condition noted. It became apparent that the enclosures contained
inadequate food supplies for the lizards. Their food supply had to be
supplemented with tomatoes and minced steak each week during spring and
summer. During winter when the lizards became inactive the weekly food
provision was suspended.

The LL quickly engorged, detached and moulted in the enclosures. The
first NN on lizards were detected on 8.6.71. Figure 19 shows the numbers
of LL and NN on the hosts. A number of LL, about 60, remained attached to
the lizards during w;nter and detached during spring. The NN numbers
increased rapfdly during the cold months of June and July and then levelled
off. NN numbers did not decrease until later in spring and early summer.
The curves in figure 19 show the total number of ticks of each stage

attached to the lizards.in the enclosure; but they do not show how many of



Figure 19. The development of Ap. hydrosaquri LL placed on
L sleepy lizards, Tr. rugosus, in enclosure 1, at Buckland
Park, Pt. Gawler. The data presented are weekly counts of
the total numbers of ticks of each stage, LL, NN, 8T or %
attached to the lizards. The months are shown on the
bottom of the figure.

Also shown are rainfall and temperature graphs for
that pgriod. The temperature (°C) are ten-day average
maximaﬁfu%rég the Bureau of Meteorology at Adelaide. The
rainfall (mm) is that recorded for Two Wells, the nearest
town 10km NE. The points plotted each show the total
amount of rain that fell in a ten-day period.

"- marks the date on which the infested lizards

were placed in the enclosure.
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those ticks are new arrivals and how many are ready to detach, i.e.
engorged. The time during which engorged NN were present is indicated by
a bar graph at the top of the figure.

Figure 20 shows the incidence of engorged NN in the counts. NN scored
as engorged probably detached quickly; marked individuals scored as engorged
usually were gone in a week. It can be seen then that the curve of the total
numbers of engorged and unengorged NN probably falls well short of the total
number of individual NN that attached to the lizards. This applies
particularly to the November section where many NN were engorging and detach-
ing. The November peak in numbers is surprising. One would expéct the
curve to keep dropping with incféasing rap{dity from the end of October.
Presumably a second wave of NN attached to the ticks at tha; time - enough\
in fact to more than replace those engorging and detaching.

Adult ticks appeared late in November, 34 first, and three weeks later
the Q- Thus only eight months elapsed between the infestation of the hosts
with LL and the adults attaching to lizards! There were always more 44 on
lizards than 9gq. This was mostly due to the Q ticks engorging and detaching
while fewer dd detached. Figure 21 shows the cumulative totals of d and Q
ticks attaching and detaching from the lizards. Ticks were marked with
finger-nail polish and thus new arrivals on lizards could be recognized.
During the nine month period 44 84" and 29 Q@ attached to the lizards. 25 dd
and 19 Q9 left the hosts during that time. The d' ticks seemed also to invade
the hosts earlier than the ¢q.

The enclosures were, unfortunately, badly damaged by cattle or vandals
during September 1972. However in the two visits before this happened, 5 LL
were found attached to one of the lizards. Perhaps these were proéeny of
some of the 99- The enclosures were repaired and two more lizards, free
of ticks, were placed inside. . During December to February they picked up
5 additional LL, which engorged, also 5 NN, 2 dd and 2 09- The enclosures

were knocked down again and as the area was obviously becoming unsuitable and



Figure 20. The numbers of engorged and unengorged NN of
Ap. hydrosauri attached to sleepy lizards, Tr. rugosus,
in enclosure 1 at Buckland Park, Pt Gawler. The line
labelled Total NN represents the total number of
engorged and unengorged NN attached. The second-line
represents the numbers of engorged NN. The space
between the two thus shows the number of unengorged NN

attached to the lizards.
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Figure 21. Cumulative totals of Ap. hydrosauri $o”and ele)
attaching (+) and detaching (-) from sleepy lizards, Tr. rugosus,

in enclosure 1 at Buckland Park, Pt Gawler.
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local lizards, probably carrying ticks, had entered the enclosures, they
were abandoned.

The results do show that the LL can engorge, detach and moult success-
fully during autumn. However/LL left on hosts during the colder months of
winter seem unable to engorge until épring. NN may attach in autumn, and
some in spring; but those on lizards during winter fail to engorge until

spring with a peak early in summer. In summer,detached NN can quickly

moult to give adults. Some of the Qg can mate, engorge and detach that

same summer. The data also suggest that newly hatched FL are not detectedﬁ
until the next spring. This last observation agrees with data in 3.312 on
seasonal activity of Ap. hydrosaurt.

The suggestion from these results is that the whole life cycle was
turning once in 18 months. It should be remembered however that the ticks
in the enclosure had their hosts confined with them. The hosts in natural
conditions would be spaced out over greater areas - see the discussion of
this in 3.312. Thus ticks in an enclosure would have a greater chance of
encountering a host quickly when they were ready to attach. The rate of
population development in an enclosure may well be a maximum value.

It must also be noted that the hosts were infested with LL during March,
a time of the year when LL are not abundant on hosts in the field, although
some infestations are found (see 3.31). This circumstance, a consequence
of there being no laboratory stocks of the ticks or field caught ticks
available at more suitable times, may have brought about a different
mortality of ticks during the winter than might otherwise have been the case.

Another enclosure (no. 4) also had 4p. hydrosauriplaced in it. In this
case however the enclosure was divided into halves with 2 lizards in each,
and Amb. limbatum were put in with the Ap. hydrosauri. This was one of a
se;ies of experiments to see if the ticks interacted in the field. That
aspect of the experiment will be discussed in Chapter 6, but some aspects of

the data are of use in exploring the seasonal "activity' of the tick.
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Two lizards (Tr. rugosus), each infected with 200 LL of Ap. hydrosaurti
and 200 LL of Amb. limbatum, were placed in half of enclosure 4 - i.e. lLa.
Two other Tr. rugosus were placed in enclosure Lb, one infected with 400 Ap.
hydrosauri LL. The methods used were the same as for enclosure 1. The
Ap. hydrosauri LL were progeny of a tick collected near the lizard
enclosures at Pt,Gawler on 18.1.72.

As was the case in enclosure 1, the LL quickly engorged and most
detached by mid-May. NN began attaching in the same month, the first being
detected on the bth of May. NN did not begin to engorge qntil Jqu and
August with most waiting until November. Adults were first detected late
in November 1972. .

These changes are summarized in figure 22. Actual counts of the
number of ticks on hosts are not presented because on a number of occasions
lizards died and had to be replaced. The striking development took place in
enclosure ha. There, larvae appeared on 15.3.73, over 100 of them on a
lizard. This means that the ticks had completed their life-cycle in 12
months ! Again it must be emphasized that these ticks had a mpch greater
chance of encountering a host than ticks in the wild.

Enclosure 4b showed similar development to ha at first. But qq took
longer to appear and no new LL were seen. All the enclosures were damaged,
as explained above, and abandoned during 1973.

Six enclosures were built in the Mt, Mary study area. These were used
to test hypotheses relating to the narrowness of the zone of overlap
between Ap. hydrosauri and Amb. limbatum. Colonies of Ap. hydrosauri were
put into two enclosures. and mixed populations of the two species ipto two
others. The nature of the experiments and the results are discussed in
detail in Chapter 6. However the following points are pertinent here. The
lizards (Tr. rugosus) in the enclosures were infested with LL and NN. In
one enclosure the colony died out after a few adults appeared. In the other

enclosures there was evidence that adult ticks mated, and 99 engorged and



Figure 22. Development-of Ap. hydrosauri
populations in two separated halves of enclosure b
at Buckland Park, Pt,Gawler. 400 LL of Ap. hydrosauri
and 400 LL 6f Amb. 1imbatum were placed in each half of
the enclosure,but only the results for the former are
shown.

The figure shows the timings of the appearance %\
and diséppearancei of the stages (LL, NN, &d, gg) in

each half of the enclosure.
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detached. However, there was no sign of newly-hatched LL attaching to
lizards. The results are not particularly helpful as the populations were
established during spring and suffered one of the driest periods on record
in that area.

Bull and Sharrad (1979) report these experiments and some performed by
Michael Bull at Flinders University (see Appendix 5). Both sets of
observations confirm the view that all activity stops during the cooler
months (April-September); but for the rest of the year there were regular

pulses of activity as successive stages in the life history predominated.

3.332 Amblyomma albolimbatum.

These ticks were placed in enclosure 2 at Pt, Gawler under identical
conditions and at the same time as the Ap. hydrosauri in enclosure 1. Each
of the 4 lizards was infested with 400 LL from 2 Q@ ticks (299 from each)
captured near Arno Bay on Eyre Peninsula. They had laid their eggs in the
laboratory during October 13970.

Figure 23 shows the results of the weekly counts of tick numbers on the
lizards. The LL quickly engorged, detached and moulted. The NN began
attaching to lizards at the same time as the other species in enclosure 1.
Some LL persisted on lizards until December. The numbers of NN steadily
increased to peak in mid October when the first engorged NN appeared. Just
after that 2 lizards escaped from the pen. The now smaller graph shows
ghat numbers dropped rapidly during November and December. Adults appeared
early in January, some of the Qe engorged and detached but no new LL appeared.
This enclosure suffered the same fate as enclosure 1.

These ticks performed similarly to the Ap. hydrosauri. However. the

time taken for NN to attach was longer - the curve in figure 21 rises much



Figure 23. The development of Amb. albolimbatum LL
placed on 4 sleepy lizards, Tr. rugosus, in enclosure 2
at Buckland Park, Pt.Gawler. The figure is constructed
from weekly counts of the total-number of attached ticks
of each stage (LL, NN, &, QQ) in the enclosure. The
months are shown at the bottom of the figure. The time
during which engorged NN were found on lizards is
indicated at the top of the figure.

‘ - shows the date on which attached LL were placed

in the enclosure.
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less rapidly than that in figure 17. Also the NN took longer to begin
engorging. |t might be expected that Amb. albolimbatum, which lives in
warmer, drier areas than Ap. hydrosauri on Eyre Peninsula, might have its

rate of development more retarded by cold weather.

3.333 Amb. limbatum

Amb. 1imbatum LL attached to sleepy lizards were put in enclosures 3
and 4. Again the same methods were used here as those described above.

In enclosure 3 on 31.1.72 three lizards were released,each infested
with 400 LL. The LL were progeny of a single ? collected 15km N of Mt.

Mary during October 1971. The fate of the ticks is shown in figure 2k.

It took less than six weeks for LL to engorge, detach and moult and
for the NN to attach and begin engorging. Again it is evident that the
cold weather stops attached NN from engorging. But in this case some adults,
from the first moulting NN, attached by 20.4.72. This is only seven weeks
after the LL attached! It should be noted that this enclosure was occupied
two months earlier than enclosures 1 and 2 had been the year before.

During September NN began engorging again - later than the Ap.
hydrosauri NN in enclosure 4, see figure 22. The number of adults infesting
lizards began to increase again in August (particularly the Jg). These can
not have come from the second group of engorging NN. It seems that the cold
weather may have also delayed moulting in NN that engorged during the
autumn.

The Amb. Llimbatwn apparently develop vgryrquickly off and on hosts
during warm periods but are slowed more th;n Ap. hydrosauri during cold
weather.

Enclosure 3ﬂresults.ceasé after November as a strange mortal illness

began to infect lizards in that enclosure. Replacement lizards also died



Figure 24. The development of 4mb. Limbatum LL
placed on 3 sleepy lizards, Tr. rugosus, in enclosure
3 at Buckland Park, Pt.Gawler. The figure is constructed
from weekly counts of the total numbers of attached ticks
of each state (LL, NN, &d, 99) in the enclosure. The
ﬁonths of the year are shown at the bottém of the
figure. The times during which NN were found on lizards
are indicated at the top of the figure.

? - shows the date on which the attached LL

were placed in the enclosure.
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quickly. This situation was unique to enclosure 3.

Other Amb. limbatum LL were put into enclosure 4 with Ap. hydrosauri LL,
see 3.331 above. They were placed in the enclosure on 22.3.72. When
activity had slowed in enclosure 3 no Amb. limbatum NN or adults appeared
in one half of the enclosure (4a). NN attached in kb, three weeks later
than Ap. hydrosauri NN but none engorged. It is impossible to say if this
failure was due to cold weather or interaction with Ap. hydrosauri or some
other unknown factor.

It seems that Amb. limbatum, which occurs in drier, warmer areas than at
Pt. Gawler, and Aﬁb. albolimbatum, are both slowed in development to a greater
extent than is Ap. hydrosaupi during cold périods. Another interesting outcome
of these enclosure observations is that the development of the ticks is not
only slowed in the microhabitat off the host during cold conditions but the
attached ticks are also retarded. This is a more marked feature of the
development of parasites in poikilothemic animals, and is not as evident in

mammalian or avian ticks (Arthur, 1962).

3.34 Tick development and behaviour.

3. 341 Tick development and behaviour off the host.

It has been shown above that the ticks live in two completely different
environments during their life-cycles, off the host and attached to the host.
When detached, the engorged ticks have to lay eggs, or moult and resist
potential dangers of the énvironment. The newly moulted or hatched tick has
the task of finding a host and invading it. In this section.information
gleaned on the behaviour of the ticks while off the host, and the rate at
which they develop, is examined.

Ticks were collected during each spring and laboratory stocks
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established. The methods used in keeping these stocks are described in
appendix 2. The information contained in this section was gained largely
from the use of such stocks. Amb. albolimbatum laboratory stocks were
derived from @ ticks caught in the Arno Bay - Cleve area. Amb. limbatum
stocks were supplied from ticks captured in the Mt,Mary study area. Ap.

hydrosauri were taken from Mt,Mary, from Pt.Gawler and Goolwa.

3.3411 The microhabitat of ticks off the host.

In a general discussion of seasonal ‘'activity' above (3.31) it was shown

"that in other tick species the nature of the microhabitat occupied by ticks
while off the host is crucial. It is during this period that ticks are
vulnerable to starvation and desiccation. Thus the selection of the site
in which eggs are to incubate and ticks are to moult and await a host

is critical. An engorged tick ready to detach could find such a site by
detaching from the hbst in a suitable spot. This o%ten*involves timing the
detachment to a particular period of the hosts' diurnal rhythms. For
example, Kheisin and Lavrenenko (1956) found that I. ricinus engorged @@
detached from cattle in pastures rather than in the cattle sheds into which
cattle were driven at night. |If the cattle were driven to pasture at night
and into sheds during the day the ticks would still detach in the pasture.
It appeared that the ticks responded to the diurnal activity rhythm of the
hosts; and by doing so ensured that they fell into the most suitable micro-
habitats for egg-laying. Some ticks detach when their hosts are inactive
in their burrow, e.g. I. hexagonus from hedgehogs (Arthur 1962).

The timing of detachment is important to engorged ticks because they

are unable to move very far. This applies particularly to engorged ? ticks
. which are quite unable to climb slopes which approach the vertical as their
bodies are bloated with blood. They must then, merely make minor adjust-

ments to their position, perhaps pushing under leaves or bark.
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Detachment in these ticks is discussed in 3.3424 below.

Bull (1969) describes how he attempted to find detached ticks in an
outdoor enclosure which contained lizards and a large tick population. He
sieved soil from in and near lizard shelter sites but failed to find any sign
of the parasites. |In the present study three techniques were used in an
attempt to find ticks off the host. |In each case the material collected was
leaf litter and soil from near and in lizard refuges. Some samples were
taken from the Pt. Gawler lizard enclosures and searched, as it was known
that ticks were present.

The threé methoas used in an attempt to find ticks or eggs in the field
were sieving, flotation extraction and funnel extraction. Sieving was
carried out using a seriés of fine soil sieves. The flotation extraction
technique involved placing coarsely sieved litter samples in water and
another nonmiscable, ligquid-with a specific gravity less than that of water,
e.g. benzene. The mixture was agitated and then allowed to stand. Remains
of organisms would then be seen at the interface of the liquids. The
apparatus and technique were of the conventional Salt and Hollick type, but
including modifications described by Raw (1955). The funnel technique
involved placing litter samples on a gauze platform over a funnel leading to
a vial of preservative (70% alcohol) and positioning a heat source over the
litter. Small living creatures able to move would then crawl away from the
heat source and fall into the funnel. The apparatus and technique were based
on that of Murphy (1958).

The only success in finding ticks by using these techniques was with
samples from enclosures at Pt. Gawler. On 8.6.71 four samples were taken from
enclosures 1 and 2 (se; 3.33 above), which contained respectively populations
of Ap. hydroéauri and Amb. albolimbatwn. Soil and leaf litter samples, 12cm
in circumference and 10cm deep were taken from the bottom of known lizard
refuges in each enclosure and from areas around these‘sites. The flotation

method described above yielded 2 engorged LL of Amb. albolimbatum from a
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lizard refuge in enclosure 2 and 1 unengorged N of Ap. hydrosauri from a
similar site in enclosure 1. The ticks were all partly buried in loose soil
and leaf litter within 1%cm of the surface. No ticks were found in other
parts of the enclosures at Pt.Gawler. As these measures caused a major
disturbance to the environment in the enclosures they were not tried in the
Mt.Mary enclosures (see 6.30).
Soil samples (50 of them) were collected in the Mt.Mary study area
from 4 sites on 21.11.71. These were cylinders (12cm x 10cm) of soil and
leaf litter from, in the main, beneath bluebushes (Kochia sedifolia) in likely
lizard refuges. Sieving and flotation (see above) failed to reveal any ticks.
These attempts were discontinued as they were an unprofitable usévof time.
However, in the laboratory data were gained on microhabitat selection
by the ticks.
it had been observed, in the early stages of this study, that engorged
LL, NN and oo of all three species could be obtained,from suitably infested
hosts, if the lizards were placed in cages over trays on which there were
sheets of paper (described in appendix 2). Usually the engorged tick, on
detaching, would be found under the paper and only rarely were they found
elsewhere. This observation suggested that, if given the opportunity,
engorged ticks would crawl beneath objects in lizard refuges or into crevices.
In an attempt to observe microhabitat selection in engorged and in unfed
ticks three types of apparatus were constructed. In each case 500ml beakers
were used; one group of beakers contained sand covered with leaf litter and
twigs, another contained filter paper evenly stacked on slivers of wood
(2mm diam.), and a third group of beakers were filled, to a depth of 6cm, with
2cm diam. filter paper. Groups of engorged and unfed LL and NN of Ap.
hydrosaurt aﬁd Amb. limbatum were observed in each of these circumstances.
At 25-290C and in constant light, groups of 30 ticks of each category were
observeé for 3 hours, their positions recorded, and then observed again after

24 hours.
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The engorged LL and NN in each case vanished into the Ioo;e litter or
filter paper after a 1-2 hour period of wandering. They did not burrow into
the sand. In filter paper tiers it was observed that the LL often sought
the underside of objects and remained clinging upside down. Nearly all of the
engorged LL and NN remained within lcm of the surface.

Unfed LL and NN are more mobile than engorged ticks and appear to wander
about more. However within 3 hours these also disappeared into the leaf
litter or filter paper.

When stored in plastic vials (see appendix 2) unfed ticks of these
species often clumpaiogether at £he top of the vial under the lid. In order
to seé'if the ticks might climb when off thg host, artificiél plant stems
were made. These were glass rods 6mm, 5mm and 2mm in diameter and were
pushed through a cardboard base to give 'stems' 1lhcm, 7cm and 5cm tall. LL
and NN of Ap. hydrosauri and Amb. limbatum weré each observed on this
artificial surface for 3 hours. The ticks tended to move in an apparently
aimle§s fashion on the cardboard and from time to time encountered the 'stems'.
Some ticks climbed the glass rods but most pushed their bodies into the tiny
crevice between the base of the rod énd the cardboard. Ap. hydrosauri did
not cease to move while on the rods and always climbed down. A few Amb.
Limbatwm LL and NN remained motionless 1-3 cm up the rods for the last 15
minutes of the observation period.

Trevor Petney (pers comm.) has begun a detailed study of the micro-
habitat of the ticks, off the host, in the Mt, Mary study area. He reports
observing engorged Ap. hydrosaurillL climb down the gap between blue bush
(Kochia sedifolia) stems and the surrounding soil. Amb. limbatwn  seem to
behave in a similar fashion but some of these will climb up the stem of the
bush a cm or so for periods of time.

‘In summary then the information presented here, the literature on other
ticks, information on detachment in 3.354 and data in 3.32 éuggest that ;hese

ticks choose moulting microhabitats and probably await hosts in crevices and
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under litter in the shelter or burrow used by their host. 1In 3.3414 below
the movement of unfed ticks within the hosts' refuge and attachment are

discussed.

3.3412 Egg Production and hatching

Ixodid ticks lay their eggs in one large batch unlike argasid ticks
where Qo may have several blood meals and lay several batches (Arthur 1962).
The number of eggs laid -by a single ixodid female varies greatly depending
upon the size of the blood meal imbibed and the species of tick. Arthur
(1962) reports a range among various species from 1 to 22, 891 eggs, the
last figure achieved by Amblyomma nuttallz.

The preoviposition period of the ticks also varies. Hitchcock (1955)
demonstrated that, in Boophilus microplus, temperature influenced the duration
of this period. High temperatures resulted in very short preoviposition
periods of as little as 2 days. Snow (1969) reported a similar effect in
Hyalomma anatolicim. .The duration’ of egglaying and hatching times of eggs
are similarly influenced by temperatures. In fact it seems that temperature,
rather than relative humidity, has a dominant influence on these develop-
mental processes in ticks, e.g. see Ixodes hexagonus (Arthur, 1951) and
Dermacentor variabilis (Smith et al 1946).

Some engorged @g are also influenced by photoperiod. Doube (1975)
showed that 9 of the kangaroo tick, Ornithodoros gurneyi, entered a reproduc-
tive diapause on being exposed to short photoperiods (e.g. 16 hours dark,

8 hours light). There is:no evidence of diapause in Ap. hydrosauri or the two
Amblyomma spp_although from time to time there were inexplicable delays in
development of some ticks!

Methods used in weighing ticks and counting eggs are outlined in

appendix 2.
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Information of weights of engorged 99, the numbers of eggs they lay,

and preovipostion times are summarized below in table 11.

Egg production in the three ticks under constant conditions.

Table 11.

are for temperatures between 20°C and 30°C at 85% RH.

Ranges shown

Means (x) and

standard errors of means (S E) are calculated from data on N ticks at

25-26°C, 85% RH.

Ap. hydrosauri Amb. limbatum Amb. albolimbatum
Weights of
engorged
(Mgm) o
Range 367 - 716 206 - 746
X 577 537 -
SE 22.8 94.8
N 18 5
preoviposition
times (days)
Range 7 - 38 3 - 11 7 - 12
X 26.6 6.17 8.2
SE 2.7 1.1 0.6
"N 13 6 9
Number of eggs
laid -
Range 989 - 2496 1522 - 5023 3018 - 4515
X 1647 2785 3852
SE 115 790 160
N 14 5 9

The table indicates that engorged Ap. hydrosauri'gg are similar in

weight to the Amblyommas but exhibit longer preoviposition times and lay

fewer eggs. The pattern of egg laying in the three species is shown in

figure 25 for selected specimens.

rapidly increased to reach a peak within a week.

In

for a period the tick lays small numbers daily.

each case the rate of egg laying

It then drops away and

Increased ambient temperature seems to decrease the time taken for 22

to lay their eggs.

and Snow 1969).

This is unusual of ticks (Arthur 1962, Hitchcock- 1955

It is also evident that the number of eggs laid by a Q is



Figure 25. The pattern of egg laying in selected 99 of
Ap. hydrosauri, Amb. albolimbatum and Amb. limbatum.
The number of eggs laid per day is grouped against time,
in days; for 2?9 from each species. All had been kept
at 85% RH and in the dark.

The graphs are:-

1. Amb. Limbatum Q (M1L4/12) kept at a constant temperature
of 30°C.

2. Amb. szbatum Q (M15/12) kept at a constant temperature
of 30 C. .

3. Amb. aZboszbatum Q (BFI) kept at a constant temperature
of 27 C. .

L. Amb. aZboZLmbatum @ (HIBF6) kept at a constant temperature
of 27 C.

5. A4p. hgdrosaurz Q (SEI) kept at a constant temperature
of 30°C.

6. Ap. hgdrosaurz 9 (BP1) kept at a constant temperature
of 27°C.
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positively correlated with her weight, see table 12 below. Similar results
have been shown in other species, e.g. Dermacentor variabilis (Drummond

et al., 1971).

Table 12
Weights on detachment (mgﬁ)gand number of eggs laid by 7 29 Ap.
hydrosauri which detached in the laboratory from two Tr. rugosus collected
near Millicent, S.A.
Lizard. 1 2 3 L 5 6 7

Weight 367 | 412 | 537| 552 | 581 | 585 | 684
Eggs | 989 | 1522 | 1616 | 1587 | 2222 | 2156 | 2496

Correlation coefficient R + 0.915, P<0.01

The eggs once laid stick to each other and to the substrate. THey have
each been coated with a waxy substance produced by the le] from Gene's organ.
This coating no doubt assists the eggs to avoid desiccation (Lees and
Beament 1948). Within a few days developing tick embryos are visible in
the tiny (0.1 to 0.2 mgm) eggs.

The incubation period of the eggs is dependent upon the ambient
temperature and also humidity. Low ambient temperatures increase the
incubation period. This has been shown in several tick species, see
MacLeod (1934), Arthur (1951, 1962), Randolph (1975). However MaclLeod (1935)
showed that I. ricinus eggs do not complete development below 80% RH!

Arthur (1951) suggested a similar, critical value for I. hexagonus.

The precise effects of humidity and temperature on the incubation
periods of the three species in the present study have not been adequately
illuminated. Experience with laboratory stocks suggests that they will not
hatch at low relative humi&ities and that there may be variation between
the species of the type shown by Bull and Smyth (1973) when examining the
water balaﬁce of the three ticks.

Bull (1969) attempted to discover the effects of temperature and
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humidity on the incubation period of Ap. hydrosauri. He placed lots of
100 eggs at 5 temperatures (36, 30, 25, 20, 15°C) and at 5 humidities
(100, 75, 55, 36, 0% RH). At 36°C no ticks hatched at any humidity while
at 0% RH similar results were obtained at all temperatures. 0f 5 batches
of eggs kept at 55% or 36% RH only one hatched (at 30°C). The eggs at 100%
and 75% RH hatched at all temperatures, except 36°C, but took about 50 days
at 20°C and more than 5 months at 15°C.

| made some observatiors on Amb. limbatum and found that eggs ofi this
tick will not hatch at 0% RH.

Data on incubation times for tick eggs are bresen£ed in table 13.

These are unpublished-data from Dr. Smyth.

Table 13
incubation periods for eggs from single females of Ap. hydrosauri, Amb.
albolimbatum and Amb. limbatum kept at 25°C, in the dark at 85% RH.
The o] ticks came resPectively from Arno Bay, Cleve area and Whyalla. The
range of times (days), means (x) standard errors of the means (SE) and
the numbers recorded (N) are shown. -

Ap. hydrosauri Amb. albolimbatum Amb. limbatum

Range 35 - 38 35 - 39 31 - 37
X 36.52 37.18 34, 42
SE 0.06 0.02 0.11
N 151 576 76

It can be seen that Ap. hydrosauri has an incubation period, at 25°¢C,
midway between the two Amblyommas. At higher temperatures these incubation
times decreased. Amb. limbatum LL have been seen to be hatched in less

than 19 days at 32-34°C, 85% RH.
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3.3413  Moulting

Three-host ticks moult twice:LL » NN and NN =+ adults. In this section
data are presented on the time taken for the three ticks to moult after
detaching from hosts, i.e. the pre-moult periods. The data were gathered
by collecting detached and engorged LL and NN each day from sleepy lizards,
Tr. rugosus, placing the ticks in vials (See appen;ix 2) which were deposited
in desiccators and temperature cabinets. The time taken to moult was
determined by examining the contents of the vials each day.

Figure 26 shows selected é*amples of’the distribution of pre-moult
periods of LL of the three species. Each graph represents an infestétion
by progeny of a single $ of a single host lizard. The engorged LL were kept
at ZSOC, in the dark at 85% RH. The figure suggests that Amb. limbatum- LL
moult more quickly than either of the other species. Also note that the
distributions exhibit kurtosis in that they are skewed to the left. However,
the calculationsof measures of kurtosis (Sokal and Rohlf 1962, p.113)
indicate that the departures from normality are not great and that the
statistical calculations below are valid.

The graphs of NN pre-moult times are similar to those shown for LL,

although the NN take longer to moult. Below in table 14 are shown data on

pre-moult times for LL and NN under constant conditions.



Figure 26. Examples of the distribution of the pre-moult periodq
(in days) of LL of Ap. hydrosauri, Amb. albolimbatum and Amb.

limbatum under constant conditions (27°C, dark, 85% RH).
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Pre-moult times, in days, of
albolimbatum and Amb. 1imbatum .

the means (x) and standard errors

kept at 25°C, in the dark, in 85%

The
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Table 14
LL
of

means (SE) are shown.

RH.

and NN of Ap. hydrosauri, Amb.

numbers counted (N) the ranges of times,

All ticks were

Ap. hydrosauri

Amb. albolimbatum

Amb. Timbatum

LL N 452 315 281
Range 11 - 22 14 - 24 7 - 16
X 14.72 17.0 10.2
SE 0.09 0.08 0.06
NN .
N 215 62
Range 18 - 28 Not available 17 - 22
X ' 21.9 18.9
SE 0.04 0.14

The pre-moult period is greatly influenced by temperature as would be

expected (Arthur 1951, 1962, Cooney and Hays, 1972).

Below,

in table 15

are presented some unpublished data of Dr. Smyth which illustrate this.

Table 15

The pre-moult periods in days at 20°c, 25°¢, 30°¢c (A1l at 85% RH, dark)

of LL of Ap. hydrosauri, Amb. albolimbatum and Amb. limbatum, each from a

single batch of eggs and one host individual.
Ap. hydrosauri 20 C 25°C 30°C
N 108 75 82
X 31.03 18.61 12.65
SE 0.22 0.29 0.17
Range 26 - 38 15 - 27 10 - 20
Amb. albolimbatum
N 318 309 318
X 37.63 16.97 10.95
SE 0.16 0.08 0.05
Range 23 - L7 14 - 24 9 - 16
Amb. Limbatum .
N 30 28 29
X 32.23 13.86 8.90
SE ' 0.70 0.29 0.35
Range 23 - 39 11 - 16 7 - 17
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A comparison of the values in the 25°C columnof table 15 with table 14
reveals intraspecific differences in pre-moult periods. Bull, Sharrad and
Smyth (1977) examined the pre-moult period of one of the ticks, Ap.
hydrasauri, in order to discover the nature of this variability (the paper
is included below as appendix 4). We found that the pre-moult periods of
LL and NN was not influenced by their engorgement weights or engorgement
times. However, there were differences in pre-moult times between ticks from
different individual hosts of the same species; perhaps this was due to
differences in levels of resistance among the hosts. There were also
differences observed between ticks from-different focalities, with the ticks
from southern areas appearing to moult more rapidly than those from further
north (see 3.60 for more information on geographical variation). The pre-
moult periods of NN which subsequently became QQ were longer than for those
which moulted to 88. It was also shown (Bull, Sharrad and Smyth 1977) that
Ap. hydrosauri LL moulted significantly faster if they had fed on Tr. rUgOSUS
rathér than on any of three other host ;pecies. Tr. rugosus is the most
common, most heavily infested and most commonly infested host of Ap.
hydrosauri (see also 4.22).

The variations in pre-moult periods described above do not appear to alter
the general relationship between the species in that Amb. Zimbatum moults more
quickly than Amb. albolimbatum which moults more quickly than Ap. hydrosauri
at moderate to high temperatures (25-30°C). éut at lower temperatures (20°C)
Ap. hydrosauri is first to moult. These observations help explain the differ-
ences observed between the species in the field enclosures at Pt.Gawler (see
3.33).

Snow (1969) and Branagan (1973) have demonstrated that humidity seems
relatively unimportant in influencing moulting. This is likely to be the case
with these ticks. Indeed ticks left to moult under conditions where humidity
was not controlled appeared to moult in the time expected at that temperature.

The pre-moult periods of these ticks are compared with those of other

ticks in table 16.
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Table 16

A comparison of pre-moult periods of other ticks which have been studied
with 4p. hydrosauri, Amb. aZboZimbatum and Amb. limbatum. (+) means that
the tick, the name of which appears at the top of the column, moults faster
than the one in that row. (-) means it moults more slowly. (0) means

that the times are about equal.

Species Ap. Amb. Amb.
hydrosaurt | albolimbatum | limbatum

Dermacentor variabilis - - -
(Arthur 1962)

D. andersoni (Arthur 1962) - - -

Haemaphysalis leporispalustris - 5 = =
(Arthur 1962)°

Hyalomma dromedarii 0 + +
(Feld man-Muhsam & Muhsam 1966)

H. anatolicum (Snow, 1969) B - -

H savigny (Feldman-Muhsam,

1948) - - -
Izodes hexagonus (Arthur 1951) + + +
Amblyomma tuberculatum + + +

(Cooney and Hays, 1972)

A. geomydae (Nadchatran, 1960) + + +

The last two species listed are also reptilian ticks, and they take
longer to moult than the three species in the present study. The other ticks

parasitize mammals and generally moult faster.

3.3414  The behaviour of the ticks off the host and attachment

The newly-moulted or newly-hatched tick is unable at first to attach to a
host (Arthur 1962). This is said to be due to the neEessity for the newly
exposed cuticle to be exposed to the air for a time before it hardens. The
time before ticks attach is generall; from a few days to four weeks (in

Amblyomma geomydae » Nadchatran, 1960). In the three species studied here
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this period seems to be about one to two weeks at 25°C. It seems to be
shorter in the Amblyommas and longer in Ap. hydrosaurt.

The behavioural patterns of ticks off the host are adapted to prevent
death by exposure to extremes of temperature or low humidities and to find-
ing hosts. The sheep tick I. ricinus was first to have an extensive ethogram
prepared. Lees (1948) summarized the information for this animal. Arthur
(1962) discussed and reviewed the literature on tick behaviour.

The behaviour of ticks off hosts seems to be dominated by a few kineses
and taxes stimulated by humidity, heat, touch, chemicals and light. Ticks
possess, in the first tarsus on the anterior pair of legs, an organ called
Haller's organ (Lees, 1948). This organ contains humidity sensors and chemo
receptors (for odours): Also on ticks legs are long sensory bristles which
are both temperature and tactile receptors Wooley (1972). |t is noticeable
that ticks wave their fore-legs when disturbed or when moving about. This is
called 'questing'. Some ticks have 'eyes'. Amblyomma spp do, but 4p.
hydrosauri does not. Douglas (1943) reported that the eyes of Dermacentor .
andersoni are supplied with nerves and can detect light. Binnington (1972) also
reported functional photoreceptors in a variety of ticks including eyeles§ ticks.

The investigation of sense organs of ticks has recently been aided by
the development of scanning electron miéroscopy, e.g. Wooley (1972).

In generalﬁunfed ticks seem to avoid prolonged exposure to low
humidities, although they might have to so expose themselves from time to
time in order to find a host (Arthur 1962). The response to humidity
changes is determined by the physiological states of some ticks. Lees
(1948) showed that if I. ricinus are placed in humidity choice chambers
that they accumulate on the dry side for the first day but move to the other
side after day 1. They also become less active as time goes by. Lees said
that there were two reactions involved; the first was a taxis in which
ticks avoided moist ai?, and the second a kinesis in which they avoided

desiccation. Some ticks also avoid very high humidities (e.g.
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Ornithodoros erraticus, E1 Ziady, 1958). The two reactions, above, of

I. ricinus result in this tick moving up vegetation into dryer air and, after
a time, down into the mat into wetter air. Thus it maximizes its chances of
finding a host without desiccating too much.

The orientation of ticks and their degree of activity are thus influenced
by humidity (Arthur, 1962). Bull (1969) showed that Ap. hydrosauri LL are
more active at higher temperatures and relative humidities than at lower
ones. This seems also to be true of Amb. limbatum. The ticks, which tend to
clump while being stored in vials, also become active when they are (or a
few of the group are) stimulated mechanically. Bull (1969) suggested that{
this might be a most significant instigator of éétivity in £hese reptilian
ticks as in the case of the sand martin flea (Humphries 1969).

The phenomenon of clumping is found in all three species and, when
considered with the observations on the non-random distribution of ticks on
reptiles caught in the field (Bull 1969, 1978 b and 3.32 above), lend support
to the hypothesis that they are similarly aggregated in reptile refuges in
the field. There is now additional information on this matter. Petney and
Bull (1979) have presented convincing evidence that NN of Ap. hydrosauri and
Amb. 1imbatum produce a non-specific aggregation pheromone which attracts
either species. Bull (1978) surmized that unfed LL remained clumped in the
field, became active together on detecting a host and thus attached near
each other.

Arthur (1962) reports that temperature and odour are very important
stimuli in causing many ticks to attach to hosts. Lees (1948) showed that
warm objects (37°C) are attractive to sheep ticks. Wilkinson (1953)
reported that LL of the cattle tick Boophilus microplus are stimulated to
'quest' for a host partly by odours, air currents, vibration, interrupted
light, warmth and moisture. High carbon dioxide concentrations near
mammalian hosts seem important in mammalian ticks (Garcia, 1962).

The effect of 002 on ticks was tested in two ways with mixed groups of
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Ap. hydrosauri and Amb. limbatwn LL. In the first case the ticks were
scattered randomly in a large tray containing a small block of 'dry ice'
(frozen COZ). This rapidly sublimed. The movements of the ticks were
recorded but no movement towards the CO2 source was noted. The experiment
was repeated with similar results. In a second attempt CO2 was allowed to
leak slowly from a hose attached to a cylinder at room temperature into a
tray containing LL. Again no response was observed.

The ticks do, however, respond to vibrations, sudden changes in air
movement and mechanical disturbance, by questing. There is also a suggestion
that they are attraﬁted ta objects warmer than ambient conditions. The 'odour'
of the host may be important bgt 002 does not seem to be.

Although ticks may be activated by the stimuli listed -above it is not
believed that they move far to infest a host. Trevor Petney (pers. comm.)
has been using radioactively labelled ticks to explore aspects of their
behaviour in microhabitats off hosts at Mt Mary.  He suggests that they are
unlikely to move 1 metre from their crevice in order to attach to a host!

The attached LL, NN and Q9 become very firmly stuck to hosts. The
reptilian ticks crawl uﬁder lizard scales, stick their mouthparts (which are
long compared with other ticks) through the host's skin and secrete a
'cement' plug around them (Arthur 1962). dd do not attach as firmly as the

others and can detach quickly and move about on the host.

3.342 Tick development and behaviour on the host.

While attached to a host,ticks experience a very different environment
from that when detached. There is for example no longer danger of
desiccation. The LL, NN and QQ engorge with blood while the dd seek mates.

The rates of development and behaviour of ticks on hosts are explored below.
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3.3421 Engorgement.

wWhen ixodid ticks attach to hosts they engorge in two stages (Arthur
1962). At first small amounts of host substances are imbibed and the tick's
weight only increases a little. During this stage it is suggested (Lees
1952) that materials and energy gained from the small amounts ingested are
used to prepare the tick for the second stage of engorgement. These
preparations include synthesis of new compounds for the cuticle which must
distend greatly in the second stage. Usually the secondrstage,‘in which the
weight and volume of the tick increases many times, is shorter than the
first stage. Kitaoka and Yaji;ma (1957) suggest that in Boophilus candatus
engorgement can be divided into three such stages by considering changes in
body length and weight.

The duration of engorgement may be prolonged by the physio]ogical‘state
of the host. Carrick and Bullough (1940) showed that I. ricinus took longer
to engorge if attached to hibernating hedgehogs rather than active ones.

The enclosure experiments reported in 3.33 show that engorgement of
reptilian ticks may be greatly influenced by ambient temperature. The
ambient temperature also influenced the poikilothermic hosts.

The duration of engorgement is measured from the time unfed ticks
attach to a host to the time it detaches. Arthur (1962) in fact suggests
that ticks might time engorgement ;o that it, and the subsequent detachment,
occur during a suitable phase in the host's activity pattern.

The engorgement times of LL and NN are presented below for Ap.
hydrosauri and Amb. limbatum. The ticks were placed on sleepy lizards, Tr.
rUgosSUs, in the manner described in appendix 2. The lizards in their cages
(See appendix 2) were kept in a room with controlled light and temperature -
both being supplied by heat famps attached to a time switch. The tempera-
tures varied from 18°C at nighf to 32°C during the day. The light:dark

cycle was 12 hours light to 12 hours dark. The detached ticks were
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collected each day from trays under the lizards. The lizards were fed
every other day.

Figure 27 gives the numbers of Ap. hydrosauri LL detaching from four
lizards under the above conditions. Figure 28 shows similar graphs for Amb.
1imbatum LL. It is evident in both that some ticks detach, engorged,
after only 8 days and that numbers detaching become high until about day 15
when only a few remain. Another striking feature of the graphs is that
there is great variability between the different host individuals.

Obviously some hosts are better for the LL than others, as each received
the same number of ticks.

In figure 29 similar data are presented for NN of the fQo species. The
times taken for the ticks to engorge and detach are similar to those for the
LL.

Ap. hydrosauri LL weigh in the order of 0.1 to 0.2 mgm before engorge-
ment. Engorged LL are much heavier, from 2.0 to b mgm, a tenfold increase.
Amb. albolimbatum LL are of similar weight while Amb. Zimbaﬁum are on
average slightly lighter.

Engorged NN weights are distributed in a bimodal fashion see figure 30.

In table 17 weights of NN of 4Ap. hydrosaurt and Amb. limbatwn are shown.

Table 17
Weights in mgms of NN of Amb. limbatum and Ap. hydrosauri from a number of
hosts (Tr. rugosus). Values are shown for NN which subsequently moulted to
give oo and those which gave rise to @@ for each individual host. The
figures for each tick species come from a single infestation of each individual

host by NN which came from a single ¢.



Figure 27. The cumulative daily numbers of 4dp. hydrosauri LL
detaching, engorged, from each of four sleepy lizards, Tr.
rugosus. Each lizard was infested with 400 LL which had

hatched in the laboratory from two egg batches layed by field

caught 99 3

N

i
The infested lizards were exposed to a 12:12t day:nighty

cycle and a daily temperature fluctuation from 18 to 32°¢.
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Figure 28. The cumulative daily numbers of Amb. limbatum LL
detaching, engorged, from each of four sieepy lizards, Tr.
rugosus. Each lizard was infested with 400 LL which had hatched
in the laboratory from eggs layed by a ? caught at Mt Mary.

The infested lizards were exposed to a 12;12} day:night,

<,
cycle and a daily temperature fluctuation from 18 to 320C.
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Figure 29. The cumulative daily numbers of Ap. hydrosauri and
Amb. limbatum NN detaching, engorged, from sleepy lizards,
Tr. rugosus. Each lizard was infested with 80 NN which had
developed in the laboratory from eggs layed by ?? caught in the
field.
L
The infested lizards were exposed to a ]2f12£ day:nights
' I

cycle and a daily temperature fluctuation from 18 to 320C.
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Figure 30. Frequency distributions of weights (mgm) of engorged
NN of Ap. hydrosauri, showing separate graphs for those NN

which subsequentiy moulted to 65" and those which moulted to Q-
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Amb. Llimbatum Ap. hydrosauri

Sex of NN dd QQ dd 99

N 35 12 28 30

Host 1. X 16.6 28.92 16.6 27.1
SE 0.36 1.03 0.48 0.66

Host 2. N 8 12 29 33
X 15.9 28.36 17.46 28.73
SE 0.57 1.04 0.33 0.70

Host 3. N 6 4 33 34
X 14.22 26.97 14.73 23.69
SE 0.79 2.28 0.29 0.66

Host &4. N 3. 5 12 31
X 14.91 27.17 15.73 25.69

SE 1.61 2.86 0.50 0.51

The weight of engorged; detached LL and NN (see tab]é 17 above) varies
from host to host. It also varies over the period of engorgement, i.e.,
ticks which detach first tend to be lighter (and 8¢) while ticks which
detach later tend to be heavier (and g9) (Smyth, pers. comm.).

The ticks engorge faster at higher ambient temperatures (Smyth, pers.
comm.). And it seems that the Amblyomma spp are more retarded by cold
conditions than Ap. hydrosauri (see 3.33).

The engorgement of 90 has not been well documented. Weights of engorged
99, however, were presented in table 11 (3.3412) above. The dd do not
engorge or attach as firmly as the Q- However they do imbibe some blood
probably, as Bull (1969), suggests; to ﬁrovide energy for roaming in search
of 2%- It has been demonstrated in some ticks that mating is necessary
before gp will engorge, e.g. Dermacentor variabilis (Pappas and Oliver 1971).

It is evident that ¢p may take along time to begin engorging]or may not
engorge at all. Nine lizards (Tr. rugosus) were infested with 43 and 99
Ap. hydrosauri and Amb. limbatum (3 lizards per species) and regularly checked
for two months - only 1 @ Ap. hydrosauri engorged. On repeating this
procedure 2 Qg Amb. limbatum engorged in 2 months. However on other

occasions 0 Ap. hydrosauri have engorged and detached in 25 days.
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3.3422 Mating

It was noted early in the present study that mating occurs on the host
in these ticks. dJ and Q ticks were observed copulating on field caught
lizards and in some cases Q@ were found with signs of spermatophores at their
genital openings. However Michael Smyth (pers. comm.) reported seeing what
appeared to be copulation between a d' and unengorged Q Ap. hydrosauri off
the host.

In Chapter 6 | detail experiments in which attempts were made to have
the three species mate in the laboratory. These met with little success.

"However our knowledge of the mating behaviour of the ticks has been greatly
expanded recently by the work done by Ross Andrews a PHD student at Flinders
University.

Ross Andrews has been able, after very long and laborious trial and
error, to observe many matings both on and off hosts. He has confirmed the
observations of Michael Smyth (pers. comm.) and Michael.Bull (pers. comm.)
and my observations that 02 ticks do not move much on the host whereas dd do.
The 43 may move about considerably at night, particularly early in the dark
phase, and have been observed mating with or attaching to the host near 99
(Andrews pers. comm.). Mating has often been observed in ticks off the host.
In some ticks the 29 release pheromones which attract 34 to them (Burger,
Dukes and Chow 1971). There is some evidence that ¢q of these ticks also
release pheromones of this type. There is no evidence that oo actively seek
out mates themselves - unlike Amb. maculatun on cattle where Q@ may move in
search of 44 (Gladney 1971).

In order to successfully copulate with a Q the & tick has to locate her
(the possibility of pheromones being involved is mentioned above), climb

| beneath the ¢ (who is probably firmly attached to the hbst), cling to her
upside down and insert his mouthparts into the vaginal opening. This involves

a series of stereotyped positional movements by both ticks (Andrews pers. comm.)
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These complex behaviour sequences might be important as pre-mating isolating
mechanisms as it appears that the pheromone which attracts the 3 to a @ may
not be species specific. A critical point in this sequence is a movement by
the'g which allows the & to get beneath her into the mating position. Ross
Andrews reports seeing instances where @p have clamped their ventral surfaces
close to the hosts' body and thus excluded active 3. In Chapter 6 the
possibility of interspecific mating is discussed as a mechanism which, it has
been hypothesized, determine the parapatric nature of the tick distributions.
Observations in the laboratory and on ticks in field enclosures suggest
that in these ticks, as in many species (Arthur 1962), mating must precede

final engorgement of the Q-

3.3423 Detachment

It was shown in 3.3#11 that the timing of detachment in ticks is of
importance in selecting microhabitats off the host. It would seem likely
that the reptile ticks would detach in host refuges. Bull (1969) tested
the influence of light:dark cycles and temperature on the timing of detach-
ment in the ticks. He showed that LL of 4p. hydrosauri detached most
readily in the dark and when it was warm. It is not clear, however, whether
these stimuli act directly on the tick or whether the tick reacts to changes

in the host.

3.343 Summary of Tick development

The data presented on the ticks - in 3.341 and 3.342 above give some
indication of the duration of the various stages of their life cycles.
These are summarized in table 18/beloﬁ. The times given are measures and

estimates described in more detail in 3.341 and 3.342.
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Table 18

The duration of the various stages of the life cycles of 4p. hydrosauri, Amb.

albolimbatum and Amb. Limbatum

and 85% RH.

The figures are average ones or estimates.

there is little supporting data are placed in brackets ().

in days under constant conditions at 25-27°C

Estimates for which

Stage Ap. Amb. Amb.
hydrosaurt | Albolimbatum | limbatum

LL Time before attaching (15) (15) (12)
Time to engorge and detach 14 (14) 14
Time to moult 15 17 10
NN Time before attaching (20) (20) (20)
Time to engorge and detach 14 (14) 14
Time to moult 22 (23) 19
oo Time before attachment (20) (20) (20)
Time before detachment 25 © (25) (25)
Preoviposition time 27 6 . 8
Time for eggs to hatch 37 37 34
TOTAL 209 191 176

In nature temperatures and humidities do not remain constant.

However

the ones chosen above are well within the ranges experienced by the ticks

(Aust. Bur. Met., 1975).

The rates of development, shown in table 18, are

probably farely achieved outside laboratories. However if the data for the

4mb. limbatum population at Buckland Park (3.33) are examined it can be seen

that in 70 days after lizards were

Table 18 gives 97 days for this development at 25°C.

infested with LL the first adults appeared.

This perhaps indicates

that the estimates of the time before ticks attach after moulting are too

high and that brief exposures to higher temperatures had a marked influence.

It should also be noted that the field situation

in that ticks do not find hosts immediately.

may live many months without food.

includes extra time

In fact at high humidities ticks

A number of other workers have presented similar life history tables for

other ticks (e.g. Arthur and Snow, 1968, Murray and Vestjens 1967,

Nadchatran 1960).

the present study.

However, none was researched under the same conditions as
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Work of various researchers on the ecology of ticks indicates that ticks
are most likelf to die when detached and awaiting a host (Giurgis 1971, Owen
1975, Randolph 1975, Theiler 1964) . This mortality must be high, for ticks
lay many eggs and yet relatively few adults are seen attached to hosts.

In the laboratory, records were kept of the proportion of ticks which
died during particular stages of their life cycles. Figures 31 and 32
show the percentage of LL of 4dp. hydrosauri and Amb. limbatum which failed
to attach, to engorge and to moult in a particular experiment. The con-
ditions were the same as those described in 3.3421 above. It can be seen .
that under optimum laboratory conditions ticks are more likely to succeed
at attaching‘and moulting. than at engorging. In the field, however, ticks
have to moult and then await hosts and may die before one happens by. The
Pt Gawler enclosure experiments (see 3.33) show that, even under circum-
"stances where hosts are readily available, many ticks fail to survive the

period between .detaching and attaching.



Figure 31. The percentages of Ap. hydrosauri LL which failed

to attach, to engorge and to 'moult on each of four sleepy

lizards, Tr. rugosus. Each lizard had been infesteq with 400 LL.
The infested Vizards were exposed to a ]2?1%; day:night%

cycle and a daily temperature fluctuation from 18 to 320C.

The detached LL were kept at 270C, and 85% RH.
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Figure 32. The percentages of Amb. limbatum LL which failed

to attach, to engorge and to moult on each of four sleepy

lizards, Tr. rugosus. Each lizard had been infﬁstgd with 400 LL.
The infested lizards were exposed to a 1%;12; day:night,

cycle and a daily temperature fluctuation from 18 to 320C.

The detached LL were kept at 27OC, and 85% RH.
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3.40 Water Balance

Bull (1969) and Bull and Smyth (1973) describe their investigations on
the water balance of the three ticks. They chose this aspect of tick
physiology because of the apparent correlation between the distributions of
the ticks and some parameters of climate. While seeing these parameters
as but one group of factors possibly determining the distributions they
believed them to be likely ones. If the boundaries were determined by the
climate they reasoned that the-responses or tolerances of the ticks to
climétic conditions, particularly their capacity to survivé arid conditions,
would vary. Further, they deduced that the ability of the ticks to withstand
dehydration should be illuminated. As attached ticks can make up water lost
through evaporation by imbibing fluids from hosts, Bull and Smyth concentrated
on the water balance of unengorged, unattached ticks.

_Bull and Smyth (1973) report three approaches to measuring the ability
of the ticks to withstand arid conditions. They measured 'the rate of
evaporative water loss at normal temperatures'. This loss, they suggest, is
from two sources; loss through the (almost) waterproof monolayer of wax
molecules on the surface of the cuticles of the ticks (see Beament 1965)
and water lost during respiration. The structure and waterproofing
properties of the wax monolayer are markedly disrupted if its temperature
reaches and passes a certain critical point. Lees (1947) and Hafez et al
(1970b) had observed that 'ticks from hotter, drier habitats usually have
higher critical temperatures (Bull and §myth 1973). Their second approach
was to measure the critical temperatures of the ticks. The third approach
involved discovering the humidity range within which the ticks could
absorb water from the atmosphere. The relative humidity value above which
a tick can gain water from the atmosphere and below which it cannot,is

called the equilibrium humidity.
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They found that Ap. hydrosauri, despite being the largest of the three
species, lost water more quickly than the Amblyomma spp. Amb. albolimbatum,
though larger than its congener,lost water at a similar rate. When survival
times in dry air were compared,Amb. albolimbatum lived longest and Ap.
hydrosauri died most quickly.

Amb. limbatum had the highest mean critical temperature (53.9 % 0.6300).
Critical temperatures were only measured in adult ticks.

The estimates of the equilibrium humidities of the ticks were very
similar, i.e. in the range 81 to 83% RH. There was a suggestion that Amb.
limbatum might absorb water from air at slightly lower humidities within .-
this range than ihe other ticks.

Bull and Smyth (1973) briefly reported preliminary experiments to
find the site of water intake in the ticks. They found that by blocking
the mouthparts of a tick with wax they could prevent water intake, at 91% RH,
whereas blocking the spiracles or the anus did not. It was not clear
whether wax on the mouthparts stopped.water intake there or elsewhere.

The information obtained by Bull and Smyth enabled them to suggest that
the northern limit of the distribution of Ap. hydrosauri might be due to its
inability to survive long exposure to dry conditions. But the reasons for
the southern limit of the two Amblyomma spp.remained obscure. Their results
indicated that Amb. albolimbatum was best able to survive dry periods and
yet it is found south of Amb. limbatum:

The research of Bull and Smyth indicates that an understanding of the
ticks' resistance to desiccation is insufficient to account for their
distributions,except for the observations on the northern boundaries of
Ap. hydrosauri. It is evident that knowledge is needed of the factors
which influence the ticks in the field,particularly at' the boundaries.

Indeedlsuch studies, of physiological ecology under laboratory conditions,
have been criticised as being only able to show that an animal can live where

it does, not why it doesnt live in other areas (Bartholomew 1958) .
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In this case data on differences in the physiological capabilities of
the ticks do not, by themselves, help us decide which factors are primarily

responsible for the distributions.

3.50 Predators and pathogens

Predators may influence the distribution of animals. Kitching and
Ebling (1967) clearly demonstrated such an interaction in the Lough Ine
area of lreland. A mussel (Myticlus edulis) though common along the -coast
was absent from sheltered waters. Kitching and Ebling showed that this
distribution was due to species of crabs which were able to eat adult
mussels and were common on more-protected shores.

It is known that ticks have a number of predators, parasites and
pathogens. Petrishcheva and Zhmayeva (1949) examined the stomach contents
of birds which they observed on the backs of spotted reindeer in the southern
Siknota - Alin mountains. Thelbirds, magpies, Cyanopica cyana pallescens
and Pica pica Eucoptera, each contained from 3 to 30 ticks, with representa-
tives of eight different genera. In fact, Petrishcheva and Zhmayeva noted
that every type of tick known to exist in the area was represented in the
stomachs of the magpies and of starlings. Amadon (1967) reported observing
birds remove ticks from lizards. He describes the removal of Amb. d. darwini
from marine iguanas by Galapagos finches.

Ticks are also attached by species of wasps. Doube and Heath (1975) noted
that an encyrtid wasp, Hunterellus sp., parasitized engorged LL and NN of
Haemaphysalis bancrofti and NN of H. bremneri, Ixodes holocyclus and .
tasmani in Queensland. Oliver (1964) had also reported finding wasps
attacking engorged NN of I. tasmani. |t is apparent that some ticks, at
least in laboratories, may be attgcked by fungi (Randolph 1975). Ants are
also known to kill and eat ticks. Harris and Burns (1972) described how the

lone-star tick (Amb. americanum) was predated upon by the five-ant. Ticks
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are also likely to be preyed upon by insectivorous rodents and predaceous mites.
Healey (1973, cited in Healey 1979) used precipitating antisera for the
serological identification of the predators of Ixodes ricinus. He suggested
(Healey 1979) that bredation by spiders, harvestmen, centipedes and beetles,
all of which may attack I. ricinus, played a ''subordinate role'" in restricting
the spatial distribution of the tick. Factors such as relative humidity and
availability of hosts (sheep in that case) were found to be more important.
| have not observed any grooming of sleepy lizards by birds. Sometimes,
however, one sees attached to lizards mouthparts of ticks with bodies missing.
Such'occurrénces are rare. In the laboratory sleepy lizards,Tr. rugosus, will
bite engorged 0 ticks off other lizards caged with them. They also eat any
engorged ticks which detach and remain within reach. This is not known to
happen in the field. In field enclosures, lizards bore engorging 99 for many
days at a time and there was no evidence that other lizards ate these ticks.
Oliver (1964) and Doube and Heath (1975) found evidence of parasitizm
by wasps of.engorged NN by keeping detached NN from wild caught hosts in the
laboratory. The wasps lay eggs in the NN which hatch, devour the contents
of the ticks and bore a hole in the cuticle through which the tiny adult
wasps egress. Many hundreds of engorged LL, NN and 9¢ of the three species
have been kept in the laboratory and none showed signs of such parasitizm.
Observations on laboratory and field populations also failed to produce
evidence of other predators. However, in laboratory stocks in vials, it was

noticed that types of mould would sometimes destroy ticks or their eggs.

3.60 Geographical Variation

Thomas (1968) showed that Haemaphysalis leporispalustris, a rabbit tick
found in North America, exhibits variation in morphology across its range.
He analysed six morphological characteristics and uncovered correlations

between some changes in morphology and geographical position. In Rhipicephalus
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sanguineus analysis of morphological variability shows that it is probably
a complex of species (Paperna and Giladi, 1974). Apart from variation in
morphology with geography the seasonal activity and rates of development
of ticks may show similar trends (see 3.30)..

There is morphological variation within each of the three species.
Roberts (1970) notes that there is variability in size and ornamentation of
the ticks. In South Australia, Ap. hydrosauri appears to vary in size
across its range. The populations in the northern -parts of its distribution
seem to contain larger members than those farther south. Table 19 shows

measurements of scutum sizes in adult ticks from various parts of the state.
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Table 19
Scutum widths in mm of gg\Ap. hydrosauri from various localities in South

Australia.

Locality (latitude) Number of ticks Mean (mm) SE of mean
Cleve (33.7°) 26 3.88 0.033
Mt Mary (34°) ) .08 0.026
Renmark (34.2°) 10 3.90 0.039
Maggea (34.5°) 10 3.86 0.039
Central Yorke Pen. (34.5°) 27 3.88 0.037
Cambrai (34.6°) 12 3.96 0.053
Pt Gawler (34.7°) LY 3.86 0.025
Lower Yorke Pen. (35°) 12 3.82 0.082
Pinnaroo  (35.3°) 10 3.88 0.0k
Meningie  (35.7°) 13 3.67 0.064
Mia Mia Flat (36.5°) 31 3.72 0.041
Cape Northumberland (38°) 13 3.08 0.056

The results of the analysis of variance are shown in table 20 (Sokal
and Rohlf, 1969).

Table 20
One-way analysis of variance of scutum widths of gg\Ap. hydrosauri from

various localities shown in table 19.

Source of variation d.f. S.S. M.S. FS P
among groups 11 11.71 1.06 30.29 | p<0.01
Within groups 236 - 8.31 .035

TOTAL 247 20.02

Table 20 shows that there is a significant added variance component
among areas for width of scutum in 3g\Ap. hydrosauri. Similar measures have
not been made of ticks from laboratory stocks originating in the different
areas.

There is also eviﬁence thét ticks from different areas might moult at

different rates when kept under the same conditions (Bull, Sharrad and Smyth

1977 - appendix 4).
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The evidence above suggest that caution must be used in using results
from one local population of a tick to explain happenings in another local
population within the species. Ehrlich and Raven (1969) in fact suggest that
gene flow between local populations is so low that they (1ocal populations),
and not the biological species, are the 'real' units of nature.

Bull and Sara (1976) report studies of esterase polymorphisms in Ap.
hydrosauri . These data were preliminary but support the hypothesis that
gene flow between different local populations of this tick is low. These
studies, involving electrophoretic techniques, are proceeding with ticks

from many parts of the range of Ap. hydrosauri being tested.
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4.00 HOSTS

4.10 Introduction

The geographical distributions of parasites and diseases are limited
by the distributions of their hosts. Similarly one might expect there to
be a relationship between abundance of-parasites and diseases and abun-
dance of hosts.

If a parasite is host specific,or if, say, the adult stage of its life
cycle is, then the geographical aistribution of the parasite cannot exceed
that of the host.

The tick Amblyomma tuberculatum is one such parasite whose distribution
seems to be largely determined by the distribution of its one host the
gopher tortoise Gopherus polyphemus (Cooney 1968, 1972). The distribution
of a parasite may, however, be smaller than that of the hosts. |In some
parts of the host's range,other factors, such as predators of the parasite
or adverse aspects of the microhabitat of the non-parasitic stages, might
impose distributional limits. Changes of host abundance across its range
might also effect the parasite's distribution.Mohr (1961A) showed that the
infestation rate of rabbits by Haemaphysalis leporispalustris decreases with
increased spacing of the hosts. There may also be a particular host abun-
dance below which the parasite will not persist. |If the host'sdistribution
is. disjunct, the parasite may be absent from some populations if one of the
above factors is operating or has been importaﬁt in the past. This might
have occurred with Aponomma aurigrnans, a wombat tick whose hosts have
disjunct populations. Roberts (1970) remarked that this tick is not found
on Queensland populations of wombats. It also seems absent from the
isolated population of Lasiorhinus latifrons near Blanchetown, South

Australia (R.T. Wells pers comm).
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Distributions of parasites that infest a wide range of hosts might not
be limited by the distribution of any one of them. The Ixodes ricinus
species group seems to belong in this category (Arthur, 1962). On the other
hand,a parasite might have a wide range of hosts but some, or one, may be
more important, in this regard, than the others. The ubiquitous
Rhipicephalus sanguineus appears to belong in this category (Roberts 1970).
It can parasitize a number of mammals but does best on the domestic dog,and
its distribution largely matches that of the dog. However, low temperatures
also seem to restrict the range of this tick (Subotnick 1956).

Smyth (1973) showed that Ap. hydrosauri, Amb. aZboZimbqtum and Amb.
Zﬁmbatum parasitized at least 31 species of reptiles. He éaid that four
host species were used by all 3 ticks. ‘They were a dragon Amphibolurus
barbatus, two skinks,(the blue tongue Tiliqua occipitalis and the sleepy
lizard Trachydosaurus rugosus),and the brown snake Pseudonaja textilis.

Two hosts had shared 2 tick species each: Noetchis sp.(tiger snakes)
parasitized by Ap. hydrosauri and Amb. albolimbatum and the goanna Varanus
gouldii with Ap. hydrosauri and Amb. limbatum. Although the ticks had a
number of hosts in common,Smyth suggested that they 'might not have the same
host preferences or requirements.' A preferred host for a particular tick
would possess physiological and behavioural characteristics most likely to
enable that tick to complete its life cycle.

If the ticks do have different host preferences,then the distribution
ana abundance of the hosts must be examined, particularly across the tick
boundaries. 1t may be that changes in the behaviour of the hosts are also
important. The seasonal and diurnal activity patterns of a poikolothermic
host species might change over its geographic range in response to changes
in climate. Also,the activity pattern might change at the boundary with a
change in food type or some other environmental factor.

In 4.2 the known host species are listed and an attempt made to assess

their relative importance as hosts of the ticks. The geographical distri-
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butions of the hosts are contrasted in 4.3 with the tick distributions
described in Chapter 2. This information is used with findings from 4.2
to see if it is possible to maintain the hypothesis that the tick boundaries
are determined by host distributions.

The host species which emerges as the most important South Australian
host of the three ticks is examined more closely in 4.4. Here aspects of
the host's behaviour are illuminated and suggestions made of the way in which
they might affect the ticks' distribution and abundance. Finally in L.5 the
information contained in this chapter,and thus the overall importance of

the hosts in influencing the tick distribution, is discussed.

L.20 Host species and their relative importance.

4,21 Host Species.

The known reptilian host species of the three ticks are shown in
table 21. The data given are those published by Roberts (1969, 1970) and
Smyth (1973), plus other information collected during this study. The
table also shows the number of animals of each species recorded as being
parasitized in my records and in.Smyth's.

Roberts (1970) lists Ap. hydrosauri as parasitizing Bos taurus, Equis
caballus and Tachyglossus aculeatus, as well as reptiles. The first two
seem to be very rare occurrences and can be disregarded in this treatment.
The case of the echidna (T. aculeatus) is different. There seems little
doubt that there is a population of ticks on echidnas in Queensland near
Rockhampton (see chapters 2 and 3). Roberts (1970) noted that this northern
form of Ap. hydrosauri differed in host preference from southérn populations.

Apart from the above cases,Ap. hydrosauri is a parasite of reptiles. The

two Amblyommas have only been found on reptiles - except for one g’
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Table 21

.

A list of known reptilian hosts of Ap. hydrosauri, Amb. albolimbatum
and Amb. 1imbatum,showing for each host species the number found parasitized

by each tick species.

HOST Ap. Amb. albo- Amb. limbatum Total
hydrosauri limbatum parasitized
Chelonia
Chelodina longicollis *
Pseudemydura umbrina %
Sauria
Agamidae ‘
Amphibolurus barbatus X 19 N .31 > 50
" cristatus X - - © 2 2
" decresii X - - oo 1
" diemensis %
" fionii X - - t 2 % 2
N ornatus N
i pietus X - - L L
Moloch horridus - 1 - 1
Gekkonidae
Gehyra variegata X = t+ 1t 1
Gymnodactylus milit X - - 1 1
Scincidae
Egernia margaretae
personata . X - - 1
M multiscutata X - - 1
" whitei X - - 1
Letolopisma
metallicum X 1 - - 1
Tiliqua
multifasciata = + 1+ + 1+ 2
". nigrolutea X 16 - - 16
" occipitalis X 3 L N >7
" seincoides X 6 - - 6
Trachydosaurus
rugosus X 696 327 k10 1433
Varanidae ‘
Varanus acanthurus - - d
i giganteus X - - 2 2
" glebopalma . = + 2% 2
" gouldit . X N - L9 > 49
" glauerti - = t 1+ 1
gt timorensis - - t 1+ 1
e timorensis scalaris - - + 1+ 1
Ophidae
Boidae

Aspidites sp - -
Liasis olivaceus - -
Morelia spilotes - 1 * 1
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HOST Ap. Amb, albo- Amb. limbatum Total
hydrosauri limbatum parasitized

Elapiade
Acanthophis

antarcticus X 2 - - 2
Austrelaps superbus X 3 - = 3
Drysdalia coronoides *
Notechis sp * *
Notechis ater 1 1

Pseudechis australia
Pseudonaja nuchalis
L textilis

> ¥ X

N number not known but recorded by Smyth (1973).

% These records are from Roberts (1969, 1970) and have not been
replicated in the present study or by Smyth (1973).

A A new host record.

X This reptile is a host of ticks in South Australia.
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Amb. limbatum which attached to me.

L.22 The relative importance of the reptile species as hosts.

Some reptiles that appear in table 21 are probably rarely parasitized
by the ticks - a very small proportion of a tick population would depend on
them. Others are more heavily parasitized and a large proportion of the
ticks feed on them. The second group is the one which is of interest in
ﬁhat such hosts are most likely to influence the distribution of the ticks.

The relative importance of hosts in this contextlcan be assessed if
we know, for each host species, the average number of ticks per host and
the proportion of the host population infested. The relative abundances of
the different host species are also impertant in thie assessment. The task
of determining which hosts are more important for consideration here may
. be made more difficult if it transpires that juvenile and adult stages of
the ticks have different host preferences.

Some idea of the relative importance of host species can be gained by
examining field collection records of specimens | collected, or had given to
me,and those of Michael Smyth (see appendix 1). There are a number of
potential hazards in utilizing these data. Many people who collected ticks
for us only recorded the occasions when they found tick infested hosts and
did not record and report specimens which were searched and found free of
ticks. The proportion of members of that host population parasitiied is
thus impossible to obtain accurate]y from the records. Another problem is
that some hosts are faster, more cryptic or more dangerous than others and
so appear less often in the records. This means that there is a difficulty
in calculating accurately the relative abundance of hosts. It is'apparent
that some collectors are more skilled and/or experieneed than others and are

likely to find more ticks on a host. This applies particularly to
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unengorged LL and NN which are often quite difficult to detect.

Despite the above shortcomings of the records, it is possible to obtain
some notion of the role of the various hosts. Table 22 shows, for the most
important host species, the average number of ticks per host, calculated
from the pooled records.

Some animals listed in table 21 as hosts have not been included in Table
22. These are considered as being of minor importance as hosts and as having
a negligible role in influencing the distribution of the ticks. Some are
excluded beﬁause there are too few records of them to ana1yse. They are
listed below with reasons for such categorization.

Chelodina longicollis is a long-necked tortoise found in or near rivers
and permanent streams in south-eastern Australia (Worrell 1963). Roberts
(1964, 1970) reported that Ap. hydrosauri has been found on this chelonian
but | have no record of such an association despite examining ten tortoise
specimens. | suspect that it is not a common host of 4Ap. hydrosauri, a view
which Roberts (1964, 1970) appears to have held also. Also, 'the tortoise has
a very restricted range in South Australia.

Pseudemydura wmbrina is a rare West Australian tortoise which lives in
swampy areas near Perth (Worrell 1963). Amb. albolimbatum was recorded on
this animal by Roberts (1964, 1970). The very restricted range of P. wmbrina
rules it out from further consideration.

Amphibolurus cristatus is found in southern central Australia from Pt.
Augusta west to within 300km of Perth (Pianka 1972). | have collected six
of these'dragons, from an area 28km south west of Pt.Augusta; one of these
had a single d Amb. 1imbatwm attached. Smyth (1973) also recorded a single
occurrence of this tick on A. cristatus. Amphibolurus diemensis
was recorded as a new host for Ap. hydrosauri by Roberts (1970). The collec~
tion was made in Tasmania. Although A. diemensis is also found in the
Victoriaﬁ highlands and into the Blue Mountains of New South Wales, there are

no records of ticks infesting it on the mainland.  Amphibolurus ornatus has
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Table 22

Limbatum.

The average number of ticks, of a particular stage, on hosts infested

recorded as hosts by Smyth (1973) but numbers not known.
The proportion of hosts recorded which were infested with a

particular stage.
with that stage.

The degree of infestation of the major hosts by Ap. hydrosauri, Amb. albolim-
2
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a restricted distribution in Western Australia (Cogger 1975). Specimens of
Amb. albolimbatun were collected from this agamid by P. Baverstock but its
restricted range rules it out as an important host. Amphibolurus decresii

is recorded in Smyth (1973) as a host of Amb. 1limbatwm, and Smyth cites
Roberts (1969, 1970) as the authority. | have been unable to find such a
reference in Roberts' papers. A search of Smyth's records showed that he
collected from an A. ‘descresii four LL which he identified as Amb. Ilimbatum.
The identification is doubtful, however, as other ticks which | have collected
since from A.descresii in that area of the Flinders Ranges have proved to be
of an undescribed species of Ameydmma whése larvae are indistinguishable from
those of Amb. limbatum (see section 3.22).

Amphibolurus fionii has only twice been found to carry ticks; both were
collected near Woomera and both carried NN of Amb. limbatum. Many other
specimens of this dragon have been collected by colleagues in the Zoology
Department but no others were infested. This suggests that A. fionii is
rarely parasitized. Moloch horridus is recorded by Smyth (1973) as a host
of Amb. albolimbatum. There is one record in his files of a M. horridus with
a single d attached. | have examined dther individuais of this species and
failed to find ticks. Gymmodactylus milii only appears once in the collec-
tion records where a N of Amb. limbatum was found on one. Many other G. millii
have been collected by colleagues; none was found to bear ticks. Gehyra
variegata is certainly a very infrequent host of ticks. A larva of Amb.
1imbatum was found on one by M. King who, in the course of his research,
examined hundreds of these geckos. Egernia margaretae personata is
said by Smyth (1973) to be parasitized by Amb. limbatum. A search of his
records and tick collection failed to revea} the specimen and confirm this
identification.

Egernia multiscutata has been collected many times by colleagues and one
individual had attached a larva, probably of Amb. albolimbatum.

Egernia whitei has been collected as frequently as E. multiscutata and Smyth
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(1973) records it as a host of Ap. hydrosauri. The record and specimen have
not been found but it is evident that this skink is, like the two previously
mentioned, a very infrequent tick host. Leiolopisma metallicum, a small
common skink,was once found by Smyth to bear a larva of Ap. hydrosaurt, but
it is obviously a relatively unimportant host.

Varanus acanthurus is found only in northern Australia and is reported by
Roberts (1969, 1970) to be a host of Amb. limbatum. Varanus timorensis,

V. timorensis sealaris, V. glauerti and V. glebopalma are new host records
for Amb. limbatum. They all have distributions restricted to the f;r north
(Cogger 1975) of Australia and are therefore not significant in this study.
Varanﬁs giganteus, the largest Australian lizard, has its own tick Amb. |
calabyi (Roberts 1970) but | have received Amb. limbatum from two specimens.
V. giganteus is found only in central and western Australia in rocky areas.
Liasis olivaceus, found in northern Australia, is reported by Roberts (1969,
1970) as a host of Amb. limbatum.

Aspidites sppleither As. melanocphalus 'or As. ramsayi) are also pythons, and

Roberts found Amb. Llimbatum on them. They do not appear in our records:
Morelia spilotes hosts at least two of the ticks,Amb. albolimbatum and Amb.
Limbatum. Smyth found a 2 of the former on a specimen from Western Australia.
Acanthophis antarcticus has a southern distribution (Cogger 1975) but only two
specimens appear in the records. Both were hosts of Ap. hydrosauri; there
were six dd on the two snakes.

Pseudonaja nuchalis was named Demansia nuchalis by Smyth (1973) who had a
record of it as host of Amb. Limbatum.

Austrelaps superbus and Drysdalia coronoides, called respectively

Denisonia superba and Denisonia coronoides by Smyth (1973) ,are said by

Roberts (1973) to be hosts of Ap. hydrosaurt. |

Notechis Spp.(tiggr snakes) are recorded by Roberts (1970), Smyth and myself

as hosts of Ap. hydrosauri and Amb. albolimbatum, but records are few.

Pseudechis australie has an inland distribution,and | have found Amb. limbatum
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on it, but records are few.

Table 22 1ists eight hosts which seem to be more important than the ones
listed above. Trachydosaurus rugosus is the one most often encountered in
most parts of South Australia (see numbers in table 21). Next in numbers
captured come Amphibolurus barbatus, Varanus gouldii and Tiliqua nigrolutea.

It is evident that Trachydosaurus rugosus is a major host not only
because it seems abundant,but as all stages of each of the ticks parasitize
it relatively heavily. It is particularly noticeable that the other hosts
are less likely to bear LL and when they do they have fewer.

Amphibolurus barbatus is another widespread species which seemé to be
suitable to each tick, though we d§ not know How many Amb. albolimbatum
were found by Smyth on this dragon. |In some areas of its range, howevef,

A. barbatus is‘less often found to bear ticks than in other areas and also
less often than Tr. rugosus (see section 5.34).

In the Mt.Mary study,for instance, only 27% of A. barbatus examined were
infested,while.SS% of Tr. rugosus had ticks (see section 5.34). Yet 8

4. Barbatus caught during two successive springs (26.8.72 and 18.9.73) (50km
E. of Adelaide) were heavily infested with Ap. hydrosauri LL and NN.

Amphibolurus pictus is less important than its congener even though it
has a wide range. Approximately 50 specimens of A. pictus caught in areas
where Ap. hydrosauri is common were not parasitized. It is a host of Amb.
1imbatum in central South Australia and may be of importance to that tick
as it is an abundant lizard. Larger collections need to be made to assess
more closely its importance.

Tiliqua nigrolutea and Tiliqua scincoides may be important hosts of Ap.
hydrosauri particularly in areas where Tr. rugosus is rare or absent.v The
numbers of ticks recorded on these skinks do not match those for the same
tick on Tr. rugbsus.

Tiliqua occipitalis hosts all of the ticks, though the number of Amb.

1imbatum recorded is not known. In this case more samples are needed before
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accurate assessment can be made. However a number of these lizards and of

Ti. scincoideshave been examined during the study and most proved tick-free.
Varanus gouldii is recorded as a host of Ap, hydrosauri and yet | have

examined over 40 specimens collected by D. King, in areas in which the tick

occurs, and found none attached. The same is not true of V. gouldii from

further north which are often attacked by Amb. Ilimbatum. Another tick

Ap. fimbriatum is common on these goannas.

" The snake Pseudonaja textilis appears rarely in our records as it is
dangerous and hard to catch. But all stages of Ap. hydrosauri and Amb.
limbatum attach to it ana it al;o hosts Amb. albolimbatum; @@ and NN have
been found thus far. Though these snakes are not aé abundant as:Tr. PUGOSUS

they may be an important host of the ticks.

4.30 The Geographical Distributions of the Hosts.

The Australia-wide distributions of the major hosts are shown in figures
33 and 34. These were compiled from data supplied in Worrell (1963),
Rawlinson (1966, 1974) and Pianka (1972), and subsequently checked against

Cogger (1975).

The South Australian distributions are shown in figures 35 - 41. These
are compiled from Smyth's and my records, and from South Australian Museum
records made available to me by T. Houston. In some cases the contribution
is overwhelmingly from my records (e.g. Tr. rugosus), while in others they
come largely from the Museum records (e.g. P. textilis).

It can be seen that in no case does the limit of a host's geographical
distribution coincide with a ticL boundary. Some hosts occur on both sides
of such boundaries and are parasitized by ticks on either side e.g. Tr. rugosus,
A. barbatus, P. textilis, T. occipitalis. A. pictus also exists in all

three tick areas but is only infested by Amb. limbatum. V. gouldii similarly



Figure 33. The Australia-wide distributions of:
Tiliqua nigrolutea
Tiliqua occipitalis
Tiliqua scincoides, and

Trachydosaurus rugosus
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Figure 34. The Australia-wide distributions of:
Amphibolurus barbatus
Amphibolurus pictus
Varanus gouldii, gnd

Pseudonaja textilis






Figure 35. The distribution of Amphibolurus barbatus in

South Australia.






Figure 36. The distribution of Amphibolurus pictus in

South Australia.






Figure 37. The distributions of Tiliqua nigrolutea and

Tiliqua occipitalis in South Australia.
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Figure 38. The distribution of T<liqua scincoides in

South Australia.
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Figure 39. The distribution of Trachydosaurus rugosus in

South Australia.
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Figure 40. The distribution of Varanus gouldii in South

Australia.
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Figure 41. The distribution of Pseudonaja textilis in

South Australia.
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is widespread and obviously a common host of Amb. limbatum,but rarely of

Ap. hydrosauri. T. scincoides,on the other hand,is a host of Ap. hydrosaurt
but not of the Amblyommas (in our records),though these skinks have been
collected from those areas. T. nigrolutea has a range well contained within
that of Ap. hydrosauri.

A. barbatus is really a species complex consisting of a number of forms
(Cogger 1975). However,examination of the South Australian Museum records
does not reveal a correlation between the distribution of any form and a
tick distribution. Similarly V. gouldii is said by taxoﬁomists (Worrel1l
1963, Cogger 1975) to consist of three subspecies; V. gouldii gouldii
from northern and eastern Australia, V. g. flavirufus from aridICentral
areas and V.g. rosenbergi which exists on Kangaroo Island, southern Eyre
and Fleureau Peninsulas, V.g. gouldii 1s the subspecies which ranges on
both sides of the tick boundaries.

In South Australia,Tr. rugosus,followed by A. barbatus and P. textilis,
seem to be most important as hosts. They are not present on Kangaroo Island,
where Ap.hydrosauri is absent - though V. gouldii and Notechis ater are on
the Island. But the distribution maps, compared with those of the ticks,
reveal that on Tasmania Tr. rugosus, A. barbatus and P. textilis are also
absent but Ap. hydrosauri is there on T. nigrolutea and possibly T. casuarina,
Notechis ater, Austrelaps superbus and Drysdalia coronoides. T. nigrolutea
is found in areas of southern Victoria and Tasmania from which Tr. rugosus
is absent and may well replace it in importance as a host of Ap. hydrosauri

in those areas.
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L.40 General Biology of the Sleepy Lizard Trachydosaurus rugosus (Gray)

This skink is a very important host to each of the ticks in South
Australia, is easy to capture in large numbers, is easy to handle and keep
in captivity, and in each of these considerations ranks above the other
hosts; thus it has received most attention during this study. The other
important hosts are compared with Tr. rugosus in L.50 below.

There has been some disagreement among workers on the generic status of
the lizard. Some ﬁaintain that it is so similar to lizards of the genus
Tiliqua That it should be included in that genus. This argument has.been
based on morphological considerations including examination of prepared ékele-
tal material (Mitchell 1950) and of chromosomes (King 1972). Others continue
to allocate the lizard to the genus Trachydosaurus (Merters 1958, Bull and
Smyth 1973, Smyth 1973, Cogger 1975). | have followed the latter course in
this study.

Tr. rugosus shows variation in size, colour and body shape across iFs
extensive range. In South Australia sleepy lizards from southern areas are
smaller than lizards from further north. For instance the mean weights of
groups of adult lizards collected during spring at Goolwa and Mt.Mary were
421 + 6.59g and 685.3 * 43.3g respectively (means * S.D.). Lizards from
southern areas are often darker in appearance, with greyish scales in bands
on a background of almost black scales. Lizards from Mt.Mary are generally
lighter in colour, with yellow and brown scales and no distinct banding
pattern. Some lizards collected in areas further north (e.g. near Lake Eyre)
are very light in colour. There is also variation in body shape, including
sexual dimorphism in which males often have broader heads than females.
Lizards from Western Australia, for example, have distinctly different heads
and tails from South Australian specimens.

Sleepy lizards are omnivores. They eat a wide range of green herbage,
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flowers and fruit,particularly during spring. During this season they are
often seen on road verges eating succulent herbage. It is evident that
herbage forms a large part of their diet at this time as indicated by the
faeces which they void on being picked up. They also eat any snails and
insects that are slow enough to be captured. |In the Mt.Mary area beetles form
a large part of their diets during summer.

The food ingestéd by sleepy lizards supplies sufficient water and they
do not need a supp]y of drinking water. At times they take in with their
food a high salt load, particularly those which live on coastal dunes.
Braysher (1971) has shown that they possess a nasal salt gland which enables
them to rid themselves of high salt loads.

The activity of sleepy lizards varies from season to season so that
they are often.seen walking about at some times but remain hidden from view
at others. This variability is to be expected of an ectotherm in ; region
where there is a marked difference in average ambient temperatures between
the seasons. An appréciation of the marked change can be gained from
figure 42 in which the numbers of sleepy lizards captured. per month are
plotted. ldeally in such graphs the effort per month expended in searching
for lizards should be the same and comparable areas should be searched each
month. This is not true of the data in figure 42. These data were com-
piled from field collection data @hich were mainly gained by driving along
country roads in areas south of the 200mm isohyet and catching lizards that
crossed. During the spring, when many lizards were about, it was often
impossible to process captured beasts fast enough to catch all seen crossing
roads. Thus the spring numbers are underestimates. During winter and summer,
when fewer lizards were about, | have been forced to go to areas and search
of f roads in lizard refuge sites. This means that the low figures in these
seasons are overestimates‘of lizard numbers - not a true indication of
activity. So the seasonal variation is more dramatic than that shown.

Spring, when average temperatures increase and vegetation grows fastest,



Figure 42. The number of sleepy lizards, Tr. rugosus,

captured per month during this study.
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is thé period of maximum lizard activity in the southern part of South
Australia which experiences a mediterranean weather pattern. In these
areas most sleepy lizards are seen during late August through to November.
They often move around in pairs and apparently copulate in the early spring.
During a warm day lizards may be seen for most of the daylight hours except
early morning and twilight; see figure 43.

As conditions become dry during summer, sleepy lizards are seen less
often and very rarely during the heat of the day. In some areas, though,
they may be seen, very active, for brief periods during and after thunder
storms when it is wet and warm. In the Mt.Mary area, where such storms are
common in February - March, there is often a burst of activity though not as
pronounced as in sprihg: Winter in southern South Australia heralds a com-
plete disappearance of the lizards and they do not re-appear‘until spring.

| mentioned above that the seasonal pattern in daily activity might
be different in different regions of the state which experience other
weather patterns. In areas like Mt.Mary where rainfall is infrequent and
variable, such changes were noticeable over the course of the study. There
was always a spring burst of lizard activity but the duration of this
period and the summer and autumn activities of the lizards were variable.
The lizards seemed active when it was warm enough and there was green herbage
or moisture about. On hot days when there was moist food available they
might be active in the mornings and sometimes late in the afternoon but be
absent during the hotter parts of the day.

Sleepy lizards thermoregulate, largely by behavioural means (Warburg
1965). They, like other heliotherms (basking reptiles), use the energy in
solar radiation to increase their body temperatures and by moving between
shaded and unshaded areas they can keep their body temperatures within a
preferred range. An active lizard, under favourable conditions, can maintain
its body temperature within narrow limits. |If conditions are not favourable

and there is insufficient sunlight to allow the lizard achieve its preferred



Figure 43. Seasonal changes in the activity of sleepy lizards,
Tr. rugosus, showing the relative numbers caught during each
hour of the day for each month. The area of each box represents
the number of lizards caught during that hour of the day for

that month.
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body temperature, it may not emerge from its shelter. Indeed sleepy lizards
will not emerge when ambient temperatures are low (see below).

Some idea of the range of body temperatures of active lizards and the
preferred range can be gained by measuring cloacal temperatures (cT) of
specimens caught in the field (Bradshaw and Main 1968). This was done
throughout the study using a WESCO (O-SOOC) thermometer. Air temperatures
(with the thermometer shaded) and soil temperatures (unshaded) were also
taken. These data are presented in figure Lk,

Figure 44 shows that sleepy lizards are rarely active when the air
teaperature is above 30°C, a figure often reached during summer days, or
when the air temperaturé is below 16?C, a temperature not attained on many
winter days. It also appears that active sleepy lizards are most likely
to have CT's in the range 30 - 36°C. Very few lizards are found with CT's
above this range, though a number are active at lower temperatures. A number
of those at lower temperatures would probably have been basking in order to
heat up and attain optimum activity.

The diurnal activity pattern of a lizard is not necessarily determined
6nly by fluctuations in ambient temperature. |t has been demonstrated in a
number of diurnal lizard species that there may be an internal diurnal
rhythm of activity and individuals may emerge or increase activity before
temperatures begin to rise (Cloudsley - Thompson 1965, Heath 1962).

Cloudsley - Thompson (1965) suggests that some lizards might emerge
from night time refuges when light levels increase early in the day.

Changes in light levels at dawn might act as zeitgebers for diurnal activity
rhythms of some lizards (Henzel 1972). It is evident that sleepy lizards

are ;uickly driven to seek refuge on hot days. Some species may emerge again
at dusk (Cloudsley - Thompson 1965, Henzell 1972). Some lizards allow their
body temperatures to rise with increasing ambient temperatures until theirl
CTs are higher than those observed ih sleepy lizards (Cowles and Bogert 194k,

Bradshaw and Main 1968).



Figure 44. Frequency distributions of cloacal temperatures
(CT) of active sleepy lizards, Tr. rugosus, captured in the
field and of soil temperatures (ST) (unshaded) at the capture

site and of air temperature (AT) (with the thermometer shaded).
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Henzell (1972) showed that in Egermnia spp., the duration of exposure
(activity) decreased with dehydration. Dennis King and | were able to show
a similar situation with sleepy lizards (King and Sharrad, unpublished
paper). We placed 6 Tr. rugosusin 6 enclosures (2 metres x 50cm) and
monitored CT's, air temperatures and soil temperatures with a chart recorder
(using the same techniques as Henzell 1972). The enclosures each had a
refuge at one end and a heat source. at the other end. The heat lamps and
lights were automatically controlled to give a 12/12 hour, day/night cycle.
CT's were recorded once a minute for 4 weeks. The lizards exhibited marked
diurnal patterns of behaviour; emerging from the refuges soon after the
lights switched on and quickly reaching and maintaining a preferrea CT of
about 32—§h°c by moving to and from the hot areas of the enclosures. During
the last 2 weeks of the study, 3 of the lizards were deprived food and .water
while the others were fed and had water ad. lib. The starved lizards
appeared to restrict the time spent active and thus reduced the time spent
with high CT's. |

The vagility of ticks is likely to depend largely on the movement of
hosts. Thus a study of the distance moved by lizards was undertaken.

Small radio transmitters (weight = 55gms) were constructed in the fashion
described by Green (1969). These transmitters produced a series of pulses
which could be detected at 30 to 50 metres on portable radio receivers. The
transmitters were stuck, with epox? resin, onto small aluminium plates

(7 x 23cm). These were taped and glued onto the tail of the lizard to be
followed.

Four lizards in the Mt.Mary study area were fitted with rad}os and
released. Table 23 summarizes the results of these studies. Home range
areas were calculated using the convex polygon method described by Southwood
(1966). It can be seen that these areas are much smaller than those

predicted using the formula of Turner et al., (1969) which is based on the
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weight of individual lizards. Their formual is:

A= 171.4 w02

where W = weight in grams of the lizard

A

area in square metres.

Table 23

Area of home ranges of Tr. rugosus in the Mt.Mary study area.

Lizard Weight Period Numbe r Area - by cogvex Estimated area
(grams) of polygon (m”) Turner,et al.
captures (m)
M 43 658 24/11/71- 1 5,066 81,910
19/ 3/72
M 74 750 26/11/71- 7 3,429 92,320
19/ 1/72
M 91 558 14/ 1/72- 5 1,525 69,708
26/ 5/72
M 92 579 14/ 1/72- 5 5,281 72,190
26/ 5/72

Saint Girons and Saint Girons (1959,cited by Turner et al. 1969) noted

that herbivorous lizards would have much smaller home ranges than carnivorous
“lizards.

M. Bull subsequently attempted to accurately measure the disposal of
ticks within a population of 4p. hydrosauri near Tickera on Yorke Peninsula
(Bull 1978 a). He marked, released and recaptured sleepy lizards and also
fixed radios to 14 lizards. He suggests that sleepy lizards home ranges in
that area are between 2,000 and 5,000m2 in size and overlap extensively. The
opportunities for tick dispersal are thus quite limited. Bull (1978 a)
calculates that this probably amounts to 800m or less during a tick's life,
if one assumes that the tick relies entirely on the host for such dispersal
(see 3.3411).

The Mt.Mary study also showed that the lizards use a number of different
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shelters in their home ranges. These shelters varied from bushes (e.q.
Kochia sedifolia) to old tree stumps or hollow logs. It was also evident
that the home ranges of lizards overlap.

However, the investigations at Mt,Mary were only of adult lizards and
only for summer and autumn months. It is possible that lizards move further
during spring - although this would seem unnecessary as food is then more
abundant. Also, the movements of juvenile lizards are not known.

Female sleepy lizards bear live young, usually twins. These are most
often seen new born, during April. |If female lizards are captured during
early autumn they readily give birth in the laboratory. _The young which
resulted ranged in weight from 55 to 85g.

The recorded birth dates of young Tr. rugosus are given in table 2k.

Table 24

Birth dates of 12 T'r. rugosus.

Number Date Particulars
In the week

1. ) 23/3 - 30/3/1972 These were born in enclosure 2 at
2. ) Pt. Gawler

3. ) 9/L4/72 From a female collected in the

L, ) South East of South Australia

5.

13/4/72 From a second female lizard collected
with the one above.

6. ) 13/4/72 From a female captured near Mt,

7. ) Mary

8. 19/4/72 From same female as No. 5.

9. ) 19/4/72 From a third female from the South
10. ) East

11. 26/4/72 From a female captured near Mt, Mary
12. 7/5/72 From the same female as No. 11.

It may be that young lizards move much more than adults. They would,

however, be unlikely to pick up ticks until spring (see 3.31).
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L4.50 Discussion

It is evident that there is no correlation between the limits of the
distributions of Host species and the positions of the parapatric tick
boundaries. The non-occurrence of ticks on Kangaroo Island, however, might
be a result of an inadequate supply of suitable host species.

The behaviour aﬁd biology of a host species at a boundary may be
important, even if it is found on both sides of that boundary. It could be
that the choice of shelter or burrows by the host changes across the boundary.
This would influence the microhabi;at of ticks off the host. The hosts'
activity both diurnal and seasonal may change across the boundary in response,
for example, to different vegétation types. Such differences across a
boundary could result in ticks on one side being more likely to find a host.
The density of hosts might change across the boundary. It may be that one
tick is able to survive at lower host densities than the other but cannot
survive interspecific competition at higher host densities. Hosts by their
movement disperse ticks. Such movement would be one factor which would tend
to disrupt a parapatric boundary. The other possibility that must be con-
sidered is that if interspecific competition does take place between the

ticks, it probably does so on the hosts.

Tr. rugosus, a most important host in much of South Australia, is found
in high numbers on both sides of all the tick boundaries. The seasonal
Mactivity" of the ticks and their behaviour is correlated with that of this
reptile. One would expect from the data on home ranges (in L 40) that the
ticks would have very low vagility. One would also expect that the avail-
ability of potential microhabitats to ticks in the‘boundary areas would be
dependent on the behaviour of this lizard.’

Other reptiles do carry ticks. Some, e.g. V. gouldii, occupy different
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shelters and may have larger home ranges (Green 1969, King pers.com.)- Some,
e.g. A. barbatus, might be active at higher temperatures during summer
(Bradshaw and Main 1968). Some, e.g. T. nigrolutea, are probably active at
lower temperatures. But in general they exhibit similar seasonal and

diurnal changes in behaviour to those shown by sleepy lizards, and they

appear to be quantitatively minor hosts (sect. L.22).

It is apparent that there is much to learn about the hosts of the ticks.
More information on the re]at}ve importance of different host species would
be useful, but detailed investigation of Tr. rugosus would seem to be more
profitable. Not enough,is known of the movements of these lizards at a
tick boundary or how far or how often they move ticks across -such a region.
We know that some sleepy lizards are better hosts than others but do nog
unders tand £he reasons for this; why such variability exists, its extent or
how a particular host might itself vary in this way with time aﬁd/or
experience of infestation. The relationship between host density and the

survival of ticks is another unexplored area.
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5.00 THE PARAPATRIC BOUNDARY BETWEEN APONOMMA HYDROSAURI AND
AMBLYOMMA LIMBATUM AT MT MARY.

5.10 Introduction

In section 2.30 the need for, and the selection of, the Mt Mary study
area were discussed. The study area is 120 km north east of Adelaide
bounded in the east by the River Murray and in the west by the eastern
slopes of the Mt Lofty Ranges (see Fig. 6). The area studied most intensively
includes the towns of Bower, Mt Mary and Morgan, the former railway siding of
Eba and the undeveloped townsite of Florieton (see Fig. 45). It is divided
by a major highway from Adelaide passing through Bower, Mt Mary, Eba and
Morgan. The Morgan-Whyalla pipeline runs east-west through the centre of the
area studied. A network of minor, unsealed roads forms a grid pattern over
the region.

In thfs chapter the distributions of the two tick species are examined
in detail. The topography, vegetation, soils and weather of the study area
are then analysed and patterns which emerge are compared with the distribu-

tions of the ticks.

5.20 The distribution of ticks in the study area.

Tick collecting expeditions to the Mt Mary area began in August 1971
and continued at regular intervals (usually monthly) until December 1973.
Thereafter fewer such trips were made. Reptiles were collected when seen,
usually crossing roads; they were examined for ticks, the location recorded
to the nearest 0.1 km and data recorded as described in appendix 1. Apart
from lizards required for experiments, those examined were marked and
released. The methods of marking reptiles are described in appendix 3.

See also comments on mapping tick distributions in 2.10



Figure 45. The Mt Mary Study Area.



Z

Florieton

Pipeline




106.

Ticks had often to be taken from lizards and brought to the laboratory
for identification using the keys of Roberts (1970).

Tick species other than Ap. hydrosauri and Amb. limbatum were sometimes
found on reptiles in the area. Six Tr. rugosus bore single specimens of the
kangaroo tick, Ornithodoros gurneyi, which apparently lives further south
than Browning (1962) suggests. This tick has also been found on sleepy
lizards from Western Australia. Two goannas, Varanus gouldii, were found to
be parasitized by Ap. fimbriatwn. But 0. gurneyi and Ap. fimbriatum were
obviously rare compared with Ap. hydrosauri and Amb. limbatum, which were
found on more than four hundred reptiles.

The distributions of the two major reptilian ticks are shown in figure
L6. Refer also to figure 6 in Chapter 2 to see this portion of the tick
boundary relative to the rest of South Australia. Most records come from the
‘area between Mt Mary and Florieton, particularly near the pipeline. The
central area of the map, between the highway and the pipeline and from the
Mt Mary - Florieton road to about 10 km west of. Morgan, has relatively few
records. This central zone is poorly served by tracks and largely covered by
scrub. It proved difficult to find lizards there. In other parts of the
study area too many records were obtained to fit on the map, e.g. along the
pipeline 2-4 km east of the Mt Mary - Florieton road.

In the areas north of Bower and Mt Mary, and near the pipeline, the

boundary between the ticks is clear. The boundary zone where either species
may be found is up to 3 km wide and runs east-west on the western side of the
Mt Mary - Florieton road but curves south on the eastern side of the road.
It is unclear whether or not there is a continuous tongue of Amb. Ilimbatum
all the way to Mt Mary, although it seems likely. Further east in the
centre of the study area a broad band of 4p. hydrosauri extends north of
the highway and just reaches the pipeline. However further west the
boundary plunges south ag;in.

The distributional data collected in the present study support the

observations made by Smyth (1973). Many of the gaps in Smyth's map have



Figure 46. Records of Ap. hydrosauri and Amb. iimbatum in

the Mt Mary area.
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been filled in and it appears that the zone of overlap (the area in which
both spp. are found) is as narrow as he suggested. In addition the distribu-
tions of the ticks are the same as those shown by Smyth. There is no
evidence, from comparing the present map with that of Smyth (1973), or from
comparing data from different years in the present study, which indicates any
movement of the boundary. Indeed Bull (1978 a) shows that the vagility of Ap.
hydrosauri is probably very low, so that it would be unlikely to detect move-
ment of the boundary.

Examination of the boundary on the western side of the Mt Mary -
Florieton road reveals that in this area no reptiles have been found bearing
both species. In fact there is no sign of overlap between the ticks. Few
lizards have been caught in this region, and those that have been usually
bear no ticks. The density of lizards in the area is discussed later; in
parts of the area it may be too low to support a tick population.

The distribution of adult lizards (Tr. rugosug) found which did not
bear ticks is shown in Fig. 47. The probable positions of the distribution
limits of the ticks are also shown: Although there are a number of
records of uninfested lizards east of the Mt Mary - Florieton road, it should

be noted that these constitute only a low percentage of those found.

5.30 Biotic and Abiotic charactéristics of the Mt Mary Study Area.

In this section the Mt Mary area is examined to see if there are any
obvious correlations between the tick distribution above and environmental
parameters (| am using the term ''correlation'' here to mean a correspondence

1

or coincidence).

5.31 Topography

Figure 48 is a contour map of the study area. The contours were



Figure 47. The distribution limits of Ap. hydrosauri and
Amb. limbatum in the Mt Mary area. Also shown are the records

of unparasitized sleepy lizards, Tr. rugosus.
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Figure 48. Mt Mary topography. Contours (ft) are shown.
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obtained from Edition 1-AAS series R502 (1:250,000) maps - SI54-5, S154-9,
SI54-10 and from S.A. Lands Dept. sheets 771 zone 6 and 781 zone 6. The
map shows a general, gradual decrease in altitude from west to east. There
are gentle undulations in the landscape but no marked highlands.

Some areas are quite swampy after rain. The Burra Creek curves around
the northern boundary of the study area and into the River Murray L4 km east
of Morgan. The Creek rarely flows but after rain consists of a series of swampy
lakes. Other areas also become swamps during rain. One large area is on
the Mt Mary - Florieton rqad,Z-h,km north of the pipeline. The Mt Mary town-site
is just south of another swampy area. These swamps persist for some weeks
after rain and attract large populations of water birds.

There seems to be no evident association befween the tick boﬁndary

and topography.

5.32 Vegetation.

In 2.30 above it was noted that many instances have been reported of
broad correlations between vegetation boundaries and the limits of tick
distributions. (Brovko 1966, Drozdova and Sapegina 1965, Ohman 1961,

Popova et al 1966, Semtner et al 1971, Subotnick 1956, Theiler 1964) .

Smyth (1973) also suggested a correlation between vegetation type and the
tick distributions - this originated from observations and collections

" made prior to 1970. It was therefore necessary to examine the distribution
of vegetation types in the area.

Boehm (1940) had listed many of the vascular plants in the Mt Mary area,
but it was Jessup (1948) who first recognized and mapped plant associations.
Jessup's maps were evidently compiled by motoring through the areg and
noting the approximate position of vegetation boundar}es. 1t seemed that his

maps overlooked minor convolutions in the boundaries. The vegetation maps
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in Specht (1972) also show broad changes and not enough detail for the

purposes of this study.

A central area (see figure 49) was chosen in which to study vegetation
in detail. This region seemed to contain all vegetation types. Samples
were taken of 55 different plants from this central area, and these were
identified by M.C.R. Sharrad using the keys in Black (1943-57):.see table 24.
Pressed, dried voucher specimens were attached to a clipboard for field use.

The presence or absence of each of the 55 plants was recorded in
100 quadrats in the same central area. The optimum quadrat size and shape
was found (see Greig-Smith 1964 pp 27-29) to be 20 metres diameter and
round. The allocation of quadrats was restricted in that | ensured that
they were distributed on both sides of what apéeared to be the vegetation
boundary. The data on presence and absence of plants in the quadrats were
analysed to see which species were positively or negatively associated (see
Greig-Smith 1964 Chapt L4).

The results are analysed in figures 50 and 51.

The mallee scrub comprises one of the association groupings. There
are two other recognizable groupings in the area} Casuarina cristata scrub,
and more open grassland with a few scattered trees of Myoporum platycarpum.
Some plant species are, of course, found in all areas while others are less
cosmopolitan.

Armed with these data | mapped vegetation throughout the study area.
This was achieved in two ways. The first involved driving along all the
navigable tracks stopping every 200 metres and recording the plants seen -
a technique used by Connor (1966). The second involved aerial photography and
photo-interpretation. Black and white photographs from the S.A.

Lands Department were useful to determine wheré scrub boundaries:went
between roads. However these photographs did not enable recognition

of vegetation types. It was therefore



Figure 49. Sites at which samples were collected for identifica-
tion during a survey of the vegetation in a central region of

the Mt Mary study area.
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Figure 50. The results of 2 x 2 contingency table tests for
association between pairs of plant species in a central région
of the Mt Mary study area. 55 species were included in the
survey but only those that were adequately represented in the

data are shown.
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Figure 51. Patterns of association between plant spécies in a
central region of the Mt Mary study area. Significant positive
associations (at the 1% level) are shown by the continuous
lines while significant negative associations (at the 1%

level) are shown by the broken lines.
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Table 24

A list of plants collected in the Mt Mary Study Area.

—
.

- 0O o .~ O U1 B WwWwN

Kochia sedifolia (Blue Bush)
Lyciun australe

Oxalis corniculata
Brachyscame gramineae
Scaevola spinescens
Chenopodium cristatum
Basstia ventricosa

Kochia brevifolia

Salsola kali

Atriplex rhagodioides
Velleia paradoxa

Olearia ciliata
Prostanthera striatiflora
Heliotropium europaewn
Solanum esuriale
Muehlenbeckia cunninghamt
Calotis multicaulis
Nicotiana goodspeedii
Eremophila surrulata
Enchylaena tomentosa
Atriplex rhagodioides (@)
Bassia paradoxa
Wahlenbergia sieberi
Getjera linearifolia
Goodenia subintegra
Zygophyllum sp.
Eremophila sturtii

Eremophila oppositifolia

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
ho.
* b1,
L2,
L3.
L,
L5.
k6.
47.
48.
Lg.
50.
51.
52.
53.
Silik:
55.

Blenodia trisecta
Brachyscome ciliaris
Elachanthus pusillus
Carrichtera annua
Salsola kali

Verbena officinalis
Sisymbrium erysimoides
Sisymbrium orientale
Atriplex campanulata
Zygophyllum apiculatum
Zygophyllum aurantiacum
Kochia lanosa

Rhagodia crassifolia
Kochia (ciliata?)
oleosa (var glauca?)

Eucalyptus oleosa

Bucalyptus

Eucalyptus gracilis
Eucalyptﬁs calycogona
Anthocercis anisantha
Exocarpus aphyllus
Acacia euthycarpa
Atriplex spongiosa
Casuarina cristata
Atriplex rhagodioides
Myoporum platycarpum
Lycium australe

Atriplex sp
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decided to photograph the area from the air using colour films.

A metal frame was designed to hold two single-lens reflex, 35mm cameras.
This frame was attached to a single engined Cessna aircraft which had one door
removed. The project was carried out jointly with J.D. Roberts who was
studying frdgs in the area. A pilot from Rossair flew us over the study
area following a predetermined grid pattern at an altitude of 3,050 metres.
The photographs,on Kodak Ektachrome X film,were taken at regular, pre-
determined intervals so that successive ones would overlap.

The photographs were used with the data discussed above to compile a
vegetation map, see figure 52. Some parts of the Study area had been
extensively cleared - particularly.near Mt Mary. It was sometimes difficult
to determine what the original vegetation had‘been, however it was
possible to map the general distribution pattern.

North of the pipeline there are extenéive open areas but these are not due to
the action of man.

Vegetation does not occur in neat readily delimited parcels. There is
some overlap and some interdigitation where major plant communities meet.

It was noticeable in the area north of Mt Mary near the pipeline that,

where vegetation overlap occurred,mallee scrub was found on the ridges and
plants characteristic of the other communities grew in the valleys along
drainage lines. This division probably reflected a change in substrate, see
5.33 below.

If the boundary of the mallee scrub is compared with the tick boundary,
some association is evident, see figure 53. Amb. Limbatum are éarely found
inside the mallee region. However Ap. hydrosauri extends out from the
mallee 2 to 4 km in places.

If the change in vegetation were responsible for the tick bounaary it
might achieve this effect in a number of ways. Perhaps the nature of the
vegetation influences the availability and suitabi]}ty of microhabitats for

ticks off the host. Perhaps the vegetation might indirectly influence the



Figure 52. A vegetation map of the Mt Mary study area showing

the distribution of Mallee scrub.






Figure 53. The positions of the tick distributional 1imits
(Ap. hydrosauri and Amb. Llimbatwn) and the boundary of the

Mallee- scrub.
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ticks via the hosts. Changes in vegetation might influence the abundance of
lizards through their requirements for food and/or shelter. Different
vegetation types might also remain succulent for different periods of time
during the year and thus influence the activity of herbivorous reptiles.

Other species, which in turn influence the ticks or their hosts, might be
confined to one vegetation type and thus to one side of the boundary.
Perhaps a predator of the ticks is influenced in this way - although | have
not uncovered any predators of the ticks.

Despite the correlation, tick distribution and vegetation might not be
causally related. It may well be that they are-both d;e to the action of

other factors; e.g. climate or soil type.

5.33 Soils

One would suspect the abrupt transition from mallee plant communities
to the more arid,communities near Mt Mary to be due to changes in weather
or soil type or both.  Specht (1972) points out the close association
between soil type and plant communities in South Ausfra]ia.

Boehm (1940) noted that the area near Bower and Mt Mary was
characterized by ''chocolate-brown loam' soils '"with nodular travertine lime-
stone''. He observed that flat areas had similar soil without the limestone
nodules. Jessup (1948) made similar general comments on the region.

Examination was made of the work of Northcote (1960, 1968) and
Stephens (1962) and of soil samples and soil profiles in the area. The
predominant soil was a brown calcareous earth categorized as solonized brown
soil by Stephens (1962) and as Gc1.12 and Gc1.22 by NortACote (1968). In
some areas there were patches of crusty loams with red clay beneath;

Dr 1.13 and Dr 1.33 {Northcote 1968). There were deposits of kunkar
particularly on ridges where soil was shallow. In drainage lines alluvial,

kunkar free clays and silts had accumulated. The soils in the northern
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parts of . the area tended to contain less kunkar and to have a higher clay
content.

It was evident that the mallee scrub was confined to brown solonized
soil which was often shallow with kunkar deposits. The other plant
associations, of which Myoporum platycarpum and Casuarina cristata were
dominant members, were found in soils with fewer kunkar deposits and
higher clay content.

Thus the soil type, vegetation type and tick boundaries are to a con-
siderable degree coincident. The soil type might well be important not
only in influéncing pegetation as pointed out in 5.32 above but direct]y;‘
influencing the characteristics of the ticks' microhabitats when off the

host.

5.34 Weather

Ticks and, in this case, their hosts are poikilothermic. Both are
greatly influenced by changes in temperature and humidity (see Chapters 3
and 4). The possfbi]ity had to be explored that weather, acting directly
on ticks or through their hosts, might cause the parapatric distribution.

The Mt Mary area receives an average annual rainfall of less than 250mm
per year. The monthly averages are much less predictable than in wetter
areas to the south and west but most rain falls during the winter months.

Rainfall records were obtained from the Bureau of Meteorology in
Adelaide for Morgan, Bower and Sutherlands.and from 3 homesteads in the
study area. The locations of these and average annual rainfall over the
last 10 years (up to 1973) is shown in figure 54. In figures 55, 56 and
57 rainfall records are graphed for these stations from 1967 to 1973.

It can be seen that there are few differences between the areas. All
have low average rainfall of uncertain timing. Some ;ears, e.g. 1967 and

1972, were drought years with little rain, and the rain that did fall was



Figure 54, Towns and homesteads from which rainfall records
were obtained. The average vyearly rainfall from 1963-1972

(m.m.) is shown for each site.
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Figure 55. Rainfall records for Morgan and Bower, 1967-1973.

Each point represents the total rainfall over a L-week period.
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Ftfgure 56. Rainfall records for 'Wonga' and Dreckow's
homesteads (see fig. 53). Each point represents the total

rainfall over a bL-week period.
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Figure 57. Rainfall records for Bundey Bore and Sutherlands
(see fig. 53). Each point represents the total rainfall over

a b-week period.
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too widely scattered to sustain vegetation growth. There does not seem to
be a marked drop in rainfall at the tick boundary, but there is a gradual
decrease from west to east.

However the rainfall alone does not give a good indication of moisture
in the soil, vegetation or air. Evapotranspiration must also be taken into
account. Trumble (1948) measured evaporation from free water surfaces in
various parts of South Australia and then estimated evaporation in other
areas of the state. The rate of evaporation from a free water surface
would usually be greater than evapotranspiration. Trumble suggests that the
latter is from a fifth to 6ne-hal% of the former. He also estimated the
'ﬁercentage Arought frequency of these areas, i.e., the number of years in
a hundred in which the season of continuously effective rainfall is less
than 5 months''. Under this system 95% of years at Morgan are classified as
drought years. Sutherlands, to the west 'of Mt Mary, had 67% drought year
frequency. This system is designed to indicate the suitability of areas for
agriculture. However it does give a measure of.the relative aridity of
different areas.

It seemed that the ratio af mean annual rainfall (R) to mean evaporation
(E) may serve as a measure of the "aridity" of different sites. Accordingly
| used the data of Trumble (1948) and these are shown in figure 58. In
this figure values for Florieton, Bower and Mt Mary do not appear in
Trumble (1948) but have been estimated.

It can be seen that 4Ap. hydrosauri lives in areas where R/E is less than
.13. Florieton and Morgan have similar R/E values yet 4Ap. hydrosauri
survives near Morgan but not near Florieton! It seems that raw data on
annual rainfall and evaporation arélunen]ightening by themselves.

Morgan énd Florieton have similar R/E values, in fact Florieton's may
. be slightly higher - records were kept of rainfall at the latter from 1888
to 1915 and it had slightly more rain than Morgan. However MorganJis near

the River Murray and this might result in slightly higher humidities nearby.



Figure 58. Ratios of mean annual rainfall (R) to mean
evaporation (E) in the Mt Mary area and surrounding sites.

The height of the bars represent the size of the ratio.
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Slatyer (1960 a and b, 1962) and Specht (1972) show that soil types
influence the amount of surface runoff, penetration by water and evapora-
tion in an area. Some soils are relatively impermeable while others allow
rapid and deep penetration by water. Some soils have a greater water holding
capacity than others. Thus, although two areas might have similar annual
rainfall and evaporation, the microhabitats of organisms on or near the soil
might vary greatly in humidity. The soils in the study area are discussed
in 5.33.

It must also be noted that in the Mt Mary area rainfall and evaporation
vary from month to month and rainfall fluctuates from year to year.
Evaporation seems to fluctuate throughout the year in a more regular
" fashion. Figure 59 shows evaporation values for Morgan (from Trumblie 1948) .

Rayson (1957) and Specht (1972) discuss variations in rainfall,
evaporation and humidity with microtopography. Values for these quantities
may vary between different sides and on the tops of ridges or dunes.

Perhaps local changes in microtopography might influence humidity at-ther
boundary.

In 3.40 the ability of the ticks to obtain water from the air was
discussed. At relative humidities of 82-85% and above, Ap. hydrosaurt and
Amb. limbatum can, at normal temperatures, more than match evaporative
water loss by this method. If relative humidity falls below 80% they lose
water and will in time die, Ap. hydrosauri being more prone to death in
these circumstances than Amb. limbatum. Might it be then that in the
study area the northern limit of Ap. hydrosauri is set by such a change in
humidity? |f evaporation increases and rainfall decreases steadily across
the area and soil and vegetation types change rapidly, then the humidity of
most of the ticks' moulting microhabitats on the northern side of the
boundary might be too low for too long. This change mfght prevent the
tick from living‘north of the boundary or from successfully competing with

Amb. limbatum in that area. See Chapter 7 for further discussion. The



Figure 59. The distribution of estimates of weekly evaporation, Ew,

from a free water surface at Morgan (from Trumble 1948).
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above meteorological data from the Mt M;ry area are not precise enough to
allow close examination of this hypothesis.

Osborn et al. (1935) published data on the Koonamore vegetation reserve
which is 200km north of Mt Mary but has similar weather - about 25mm a year
less rain. They showed that in every month of the year there is some time
in which relative humidity, in a Stephenson screen, exceeds 80% - even in
February this happens for an average of 3.9 hours per day! Ticks off the
host are buried in leaf litter or in cracks in the soil (see 3.3411) which
are fluctuating in moisture content between rains and the air around them
fluctuates in relative Humidity with temperature. It is evident that
néasures of tick resistance to desiccation under constant,laboratory
conditions do not reflect a]i aspects of the real situatién but they enable
us to say that the air around the ticks at some times of the day enables them
to imbibe more water than they -lose and vice versa. They are subject also
to changing temperatures and are continually, though slowly, using up
energy reserves.

Osborn et al. (1935) point out that semi-arid regions of South
Australia experience two well-marked seasons, a cold season from April to
September and a hot season from October to March. ‘At Koonamore the mean
monthly maxima during the hot season ranged from 26° to 330C and during the
cold season from 15° to 21°¢. During the night temperatures drop markedly.
The mean diurnal range at Koonamore was 16.7°C.  Soil temperatures would
fluctuate more widely than the air temperatures. During summer soil
temperatures at Mt Mary often exceed 5000 (in direct sunlight) and 35°C (in
the shade). Thus ticks in their microhabitats off the host might experience

fluctuations in temperature different from those observed in air temperature.

5.35 Hos ts.

Boehm (1943) listed reptile species found in the Mt Mary area. He
listed all the species which | have found and examined in the area, plus a sna

which has not been found during the present study.. It is the carpet snake
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"python spilotes” (Morelia spilotes) which Boehm recorded as being rare.

Painted dragons,Amphibolurus pictus,occur in the study area and though they

bear ticks in some parts of the State they do not at Mt Mary.

The records of tick infestations on reptile species in the Mt Mary

study area are summarized in table 2L.

Table 24.

Species of reptiles found to bear ticks in the Mt Mary study area showing

the numbers caught and the numbers bearing each tick species.

Host species Total No.|[No. carrying No. carrying [No. not " [No. carry-
Caught |[4p. hydrosauri|Amb. limbatum|carrying |ing both

either tick spp.
tick spp.

Tr. rugosus 426 160 241 69 Ly

(sleepy lizards)

A. barbatus 33 2 7 24 =

(Bearded dragons)

V. gouldii 6 = 1 5 -

(Goannas)

Pseudonaja sp 2 - 2 - -

(Brown snakes)

There is no doubt that Tr. rugosus is the most abundant host at Mt

Mary (see also 4.22).

Bearded dragons and goannas are seldom parasitized.

Brown snakes, though more cryptic than sleepy lizards, seem to be in much

lower numbers.

There are a number of ways in which hosts could act as factors causing

the parapatric boundaries or as factors tending to disrupt them (see 4.50).

Accordingly changes

in host abundance, refuge sites and behaviour were

searched for across the boundary area.

The sleepy lizards were most often found to shelter under low spreading

bushes such as the blue bush (Kochia sedifolia) .

These bushes were found

on both sides of the boundary and did not appear to differ consistently in
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size or shape. The soil in which they grew did vary, however, see 5.33
above.

Lizard density does vary across the study area. In 5.20 above
attention was drawn to the lack of lizards in certain areas. Most lizards
were caught by driving along tracks until they were seen, active, crossing
the road. It was therefore possible to use these capture records to compute
indices of relative abundance. As high numbers of lizards were only found
in spring and summer only' these data are useful. The numbers of 1izards
caught per kilometre per trip on sections of road were calculated. Only
trips over a road on a day when lizards were ;ctive were counfed and then
only after the firs£ had been observed.

Figure 60 shows the roads used in this study. Table 25 shows the

relative abundance indices of Tr. rugosus on the numbered roads.

Table 25

The numbers of Tr. rugosus caught per kilometer per trip on the roads shown

in figure 60.,
Road No. Spring-Summer Spring-Summer Spring-Summer
1971/1972 1972/1973 1973/1974
1 0.52 0.32 0.10
2 0.16 0.18 0.06
3 0.27 0.17 0
4 0 0.03 0.21
5 0 0.05 0
6 0.32 0.17 0
7 0.1 0.20 0.25
8 0.21 0.05 0.13

There are difficulties associated with using these data, because it is
very difficult to time trips so that lizards have equal chances of being
active .on each occasion, and the activity of the lizards also varies

throughout the day. However some indications from table 25.are probably

reliable. The genera] decrease in numbers seen during 1972 and 1973 was



Figure 60. Roads (numbered 1 to 8) in the Mt Mary study area
on which estimates were made of the relative abundance of sleepy

lizards, Tr. rugosus.
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most marked.' This was partly due to increased ground cover by herbage after
rains in early 1973. The drought of 1972 might also have caused numbers to
decrease. The heavy flooding rains of 1973 inundated large tracts of land
and this probably caused lizards to disperse. Also during drier years
lizards may clump along roads, which have relatively good growth of

herbage on the verges, and then disperse after rains when food is more
abundant and widespread.

The other observation to make on the capture data is that they suggest
that the relative densities of lizards in two different areas may change
from season to season. Thus it was impossible, in view of these fluc¢tuations,
to say whether host densities were on average greater on one side of the
tick boundary than on the other.

Attempts to count the numbers of sleepy lizards in sectors of paddocks
were made. There was great variability in such counts as the lizards are
most cryptic while in shelters but quite apparent when active or basking.

It appeared though that in some areas there were at least 15 lizards per' i
hectare.

In 4.40 data were presented on the movements of sleepy lizards. It was
suggested thatlthey do not move very far but occupy a small home range.
Juvenile lizards possibly move greater distances and adults must do so
after floods at Mt Mary. Lizards caught and released in the study area were
marked (see appendix 3) so that they could be individually recognized on
recapture. However only-five lizards were recaptured. Four were recaptured
one year after‘the f}rst capture and were within 200 metres of that spot.
The fifth had moved almost 2.5 km in two years. This beast had been first'
taken in an area that was subsequently inundated with water during heavy
rains.

There was no evjdence gathered during the study at Mt Mary which
suggest§ a change in lizard behaviour across the boundary although |

observed and compared activity on both sides.
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5.40 Discussion.

The boundary between the tick species does lie along an ecotone, the
transition from mallee scrub on solonized brown soil with kunkar to more
arid woodland and savannah where soils contain less kunkar and more clay.
The climate varies more gradually across the study area becoming drier as
one goes north and east. But the discovery of these correlations between
environmental changes and the tick boundary does not uncover the factors
which determine the position of the parapatric boundaries or the narrowness
of the zone of overlap. These observations do not make more or less
credible the hypotheses that the parapatric nature of the ticks' distribu-
tion is the result of interspecific interactions between the ticks or that
each finds conditions unsuitable on the other side of the boundary because
of a change or changes in some environmental factor or factors.

Ap. hydrosauri may well have its northern boundary determined by its
inability to withstand arid conditions or to compete with Amb. Limbatum
in such conditions.” This depends upon changes in weather and soil type
which result in humidity of the ticks' microhabitat off the host falling
below 80% (RH) for too long. As the ticks have low vagility, such conditions
need not occur every season but perhaps only every few years. | did not
detect movement of the boundary during‘the study. |If animals of high
vagility were in such a situation then the distribution limit should fluctuate
in an area with variable weather.

It is more difficult to postulate a factor which might prevent Amb.
limbatum from surviving further south. It is difficult to believe that
increased moisture would kill the tick - in fact the soils south of Mt
Mary are more permeable to water. |In the first season of study it seemed
that there were fewer hosts south of the boundary and that this might halt
the tick. But in subsequent seasons the numbers of lizards seemed to

fluctuate and destroy the apparent difference. Longer periods of cold
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weather might retard development of Amb. 7limbatum much more-than Ap.
hydrosauri - indeed the Pt Gawler enclosure observations (in sect. 3.3)
support this idea. However, the data above do not suggest that temperatures
would change so markedly at Mt Mary.

To resolve these problems and test the hypotheses it was necessarf to
design and carry out experiments in the laboratory and field. These are

described in chapter 6.
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6.00 TESTING THE HYPOTHESES

6.10 Introduction

The data gathered in the present study, and those of Bull (1970), Smyth
(1973) and Bull and Smyth (1973),_show that the distributions of the three
ticks ére generally parapatric with very little overlap, and that their
common boundaries seem to lie along ecotones. Certainly these observations
are accurate for the boundary between Ap. hydrosauri and Amb. limbatum at
Mt. Mary. In order to uncover the reasons for the small degree of overlap
between the ticks along their long boundaries, it‘was necessary to design
and perform the experiments described in this chapter.

In chapter 1 it was noted that two sgrts of hypotheses can be advanced
to explain the distributions of the ticks or of other pafrs of organisms with
‘similar parapatric distributions.v One of_the hypotheses is that the ticks
interact in some way to exclude.each other. The other hypothesis is that
environmental changes, other than the presence of the other pick, across the
boundary make it impossible for each tick to survive on the other side.

If the second hypothesis is correct, and competitive interactions between
the tick species are not involved, then the distribution lim}ts of the ticks
might be determined by other species of organisms or by physical and chemical
factors. |f other species are involved they might be, for example, hosts
(see 4.50) or predators, pathogens or parasites tsee 3.50). Physic;l and
chemical factors have been shown to. limit the geographical range of many tick
species (see 2.30). Krebs (1978, p.20) points out that in studying these
abiotic factors ecologists' major ''conceptual tool' is Liebigs' Law of'the
Minimum, namely that - -''the distribution of a species will be.contnolled by
the environmental factor for which the organism has thé narrowest range of

adaptability or control''. This "Law'" is of course a simplification, since
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several factors may interact. Such studies require that data be accumulated
on the tolerances of organisms to a range of environmental variables. Some
such data are presented in Chapter 3 but more are presented below. However
to test the hypothesis adequately and to explore fully the causal factors
involved in determining distribution limits, experimental manipulation of
organisms in the field is essential. Such a test is described in 6.30 below.
Theories which involve the suggestion of interspecific interactions leading
to one species excluding another have been the focus of considerable debate,
and at times acrimony, among ecologists. The firstlhypothesis, above,
belongs to this category. 1t appears appropriate then to briefly review

thi; area of ecological theory, i.e., the '"competitive excldsion principle' -
that "complete competitors cannot coexist' (Hardin 1960).

The development of theory in this area has progressed through four
phases. The first phase involved observations on natural populations of
organisms and attempts to construct general principles from them. Another
development came from attempts to model mathematically the growth of
populations and interactions between populations. These models, or aspects
of them, were tested in a series of controlled experiﬁehts in laboratories.
The fourth phase, which met success many years later, has involved experi-
mentation on naturai populations in the field.

A number of biologists had, during the late nineteenth énd early
twentieth centuries, made observations on the relationships between similar
species of organisms, and to different degrees anticipated the idea of
competitive exclusion. These biologists included Darwin, Grinnell and
Monard (Krebs 1978). These ideas were forcefully expressed by Gause (1934)
who suggested that two similar species living in the same area rarely occupy
similar niches. He used the term niche in the manner defined by Elton
(1927«p.63) to mean an animal's ''place in'the biotic environment, its
re{ations to food and enemies''. Gause suggested that the reason for

species not sharing niches was that they compete; through this process they
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displace each other until each is in posseséion of ""peculiar kinds of food
and modes of life in which it has an advantage over its competitor'.

Lotka (1925, 1932) and Volterra (1926, 1931) independently derived
equations which were extensions of the Verhulst-Pearl logistic equation and
from which they concluded that two species of animals cannot exist in the
same area utilizing the same resource indefinitely. Gause (1934) used
these equations in formulating his hypothesis (see above) that if two
species are to coexist they must occupy different niches. Gause (1935)
reported a number of laboratorylexperiments which it was claimed confirme@
the competitive exclusion hypothesis. Opher worke(s also performed similar
experiments with mixed populations of vérious small laboratory organisms
and reported support‘for the hypothesis (e.g. Crombie 1945, and Park et al.
1941) .

A number of controversial issues arose from this hypothesis and many
disagreed with its importance. It was noted by some that many closely-
related species are sympatric (Krebs 1978). Others criticised the Lotka-
Volterra equations as being too far removed from reality. . For instance
the equations have rates of popu]étion growth and coefficients of competi-
tion which are constant, whereas in nature these factors do vary (Pianka 1974).
Andrewartha and Birch (1954) were strong critics of the competitivelexclusion
principle, which was then called Gause's.hypothesis, and detailed the short-
comings of the equations. They and others also strongly criticised the
laboratory experiments of Gause and his successors. These criticisms were
reviewed by Miller (1967) who noted that the proponents of the competitive
exclusion principle overlooked the importance of the many experiments in
which species did coexist.

Another problem associated with this controversy was in defining
"niche''. | have menéioned the definition of Elton (1927) which concerned the
"role" of a species; however others (e.g. Grinnell 1917, in Udvardy 1959)

saw niche as a subdivision of habitat. Later Hutchinson (1958) presented
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his famous concept of niche asan N-dimen;ional hypervolume. Hutchinson's
niche possesses so many possible parameters that it is impossible for two
species or even two individuals to occupy precisely the same niche. This
had been deduced earlier. Gilbert et al. (1952) noted that no two species
‘could be ecologically identical. They, and others (see Miller 1967), noted a
consequent weakness in the arguments of the proponents of competitive
exclusion. |f similar species coexist, then the principle requires that they
occupy different niches. When such species are examined long enough,
differences in niche are found. Whilst this may be upheld as evidence
confirming Ehe pr{nciple,it is inevitable, given that they are different
species. Thus, critics argue that the-prihciple is- trite (Cole 1960).

Andrewartha and Birch (1954) ‘were concerned about the term '‘competi-
tion'' as its popular use Qas not compatible with its technical, ecological
meaning. They also doubted that competition was as important and widespread
in nature as some had supposed. Birch (1957) later defined competition:

"competition .occurs when a number of organisms utilize common

resources that are in short supply; or, if the resources are

not in short supply, competition occurs when the organisms

seeking that resource nevertheless harm one another in the

process."
This definition incorporates two types of coﬁpetition, "exploitation' and
"interference''.

The competitive exclusion principle thus attracted severe criticism
and almost blind acceptance. Cole (1960) saw it as a ''trite maxim', while
others saw it as a central tenet of ecological theory (Hutchinson and Deevey
1949). Many of the arguments concerned semantics and the usefulness of
apparently untestable theories and over-simplified models. Pianka (1974)
suggests that ecolo;ists now should examine closely-related species to see
how much ecological overlap they can tolerate.

Field studies have shown that competitive exclusion can occur. In

particular it has been demonstrated that parapatric distributions with

little overlap may be due to competitive interactions. Connell (1961)
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demonstrated with a series of field experiments that two species of
barnacles which occupied abutting areas in intertidal zones competed for
space on rocks. Balanus balanoides excluded Chthamalus stellatus from a
particular region by crushiné or undercutting the smaller, slower-growing
Chthamalus while growing. Others have provided similar demonstrations of
competition between species, e.g. Jaeger (1970, 1971) with salamanders, and

see Grant (1972) for a review of interspecific competition in rodents.

Smyth (1973) ppints out that in the documented cases of competitive
exclusion, the form of competition is qua]ly direct physical interference
and aggression, e.g. Miller (1964). It is difficult to see how the ticks
in this study could so interfere with each other, or how they could compete
through exploitation. Tick; off the host are, it seems, dispersed in
numerous aggregations in lizard shelters and the available microhabitats for
detached ticks can hardly be in short supply. It is also unlikely (see
Chapter 3) that feeding sites on lizards are in short supply. At low lizard
densities there might be a relative shortage of hosts but seldom an absolute
shortage (see Andrewartha and Browning 1961 for definitions of these types of
shortage). Smyth (1973) suggested that the tiéks might, somehow, adversely
influence one another through the host's immunological system. Bull (1969)
advanced the hypothesis that the ticks might cbmpete for mates at the
boundary. Colonizing Q ticks would be most likely to meet dd of the other
species. Now if these &d mated with such Q@ or were attracted to them and
thus blocked them from conspecific'males, co]onizatioﬁ across the bo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>