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SUMMARY

Aponormna hydrosauri, AmbLyonrna aLbolimbatum and AnbLyormna Linbatum are

ixodid ticks which parasitize a wide range of reptiìes. The geographical

distributions of the ticks are peculiar in that they abut but overlap very

ìittle aìong extensive boundaries, i.e., they are parapatric. ln this study

I searched for the factors which determined these distribution patterns.

Examinat¡on 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. lt was also evident.that the distributions of the major host species

\n/ere not del imiting tick boundaries.

The common,boundary of Ap. hydt,osauri and Amb. Limbatwn at Mt Mary

was examined in, more detaiì and associations found between changes in vege-
Ittr,,.,r[(

tation, weathàr, soil type and the ticks. Studies were made of the behaviour,

development and seasonal activity of the ticks in the ìaboratory and field.

The general biology of the major host in the Mt Mary area, the sleepy ìizardT

Tnaehydnosauruts ï'ugosus, \^/as also investigated, particularly the seasonal

and diurnaì activity of this skink.,

. These data alone, though necessary, are insufficient to uncover the

npchanisms which maintain the boundary at Mt Mary. Laboratory and fieìd

experiments were conducted to test hypotheses proposed to account for the

narrow zone of overlap between the species. The hypotheses were fi rstly

that the tick species interact in such a way that each excìudes colonizing

ticks from its side of the boundary, or secondìy that marked changes in some

other envÌ ronmental factor or factors make ¡t imposs ible for colonizing

ticks to survive across the boundary. A combination of both mechanisms

'might operate.

. The experiments did not.provide unequivocaì support for either kind of

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



ticks, their hosts, and the Mt Mary environment ,to modeì the rnechanisms

by which the degree of overlap between the ticks is kept smalì. lt

is hypothesized that.4p. hydt,osuri is unable to live further north,

in the Mt Mary area, because conditions becorne too dry for the non-

parasitic stages. The reasons for Anb. Límbatwn not being found

futher south are rrìore diff icult to uncover. The poss¡b¡l ¡ties of this

ticksr southern limit being due to winter cold or to interact¡ons with

Ap. hydtosauz'i are examined in detai l.

The relevance of these findings to the other tick boundaries-and the

future of the Mt Mery boundary.,are discussed. ldeas are also presented on

the possible ways in which the tick distribution patterns might have been

deternlined by past changes in climate and sea leveì during the late

Quate¡na ry.
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1 .00 I NTRODUCT I ON

Population biologists have long been intrigued by situations where the

geographical distributions of two or more similar species, or forms, of

organisms are aìlopatric but contiguous, or are generally allopatric with a

relati vely tiny area of symPatry. The study of these si tuations i s

contributing much to our understanding of ecology and evolution.

Smith (1955,1965) coined the termrparapatryrto cover distributions

which were al lopatric but rin contactr . Vaughan (lg6l) and Key (1968)

usedrparapatryt for distributions in which there hrâs a narrow zone of over-

lap. Others have also used the term to include cases where there is a

hybrid zone at the boundary (gull 1973). I prefer th¡s term, covering

the three situations described, to the alternative rcontiguous aì ìopatry'.

Parapatri c di stri butions are qui te common throughout the world

(Wnite 1978).,and parapatric boundaries have been found between species or

forms of animals f rom many taxonomic groups (".S. mammals (¡l¡l ler 1964),

repri les (corman and Hi I lman 1977), bi rds (Terborgh 1971), amph ibians

(Jaeger 1970), insects (Key and Balderson 1972) and crustaceans (Connell 1972))

ln some cases the boundaries are between quite distinct species, which do

not interbreed, in other cases hybrid zones are found where the popuìations

contact.

It is thought that many parapatric boundaries arise from the secondary

contact of formerly isoìated popuìations. However some workers believe that

parapatric boundaries may aìso, in sorne cases, be primary, and that the two

populations may have differentiated by mechanisms which do not involvà

geographical separation (Bush 1975, \,lhite 1978). Vlhite (lgZB) describes

three models of speciation wl-¡ich .fal I into this category; "cl inal speciation",

"area-effect speciation" and rrstasipatric speciation'r.

Most explanations proferred to expìain the existence of parapatric



2

distributions fall into two categories (see Chapter 6). One is that the

boundary between the two popuìations lies along a marked discontinuity in

some environrnental factor, or factors, for which the two poPulations have

very different requirernents. The discontinuity could be a,major, readiìy

observed one, i.e., an ecotone, or more subtle and cryptic. lts effect may

be indirect - e.9., it may act on a th¡rd 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 sorne way so that they

cannot be sympatric. This i nteraction couìd be competi tive, where at least

one species is prevented from successfully colonizing the otherrs range by

competitive interaction. The boundary.then might be stable or moving. lf

stable it would be expected to coincide with an environmental discontinuity

as described above (e.g., M¡ller 196\). lf the boundary is moving (".g.,

Crowell 1968), the animal 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 popu'lations which give

rise to unfit hybrids at their boundary which prevent successful immigration

(e.g., L¡ttlejohn 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 otherrs range, or the cause of a

competitive interaction is removed (these possibil¡ties are not mutually

exclusive). A parapatric distribution might also be disrupted by the two

populations introgressing. There is as yet little evidence reported of either

rneans of disruption of Parapatric distrìbutions in nature.

At a boundary where the parapatric diitribution is determined by

interactions between the populations there may be selection for characteristics

dif ferent f rom those in al lopatry. \^/hen this occurs the resultant change

is called character dispìacement; see Grant (lglZ.e) for a review of this



3

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

interspeci fic competi tion. 0n the other hand there might be selection for

convergence of characters which would, for example, al low efficient division

of the narrow zone of overlap by interspecific territoriality (Co¿y 197Ð.

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.

lnvestigation of parapatric distributions should enable ecologists to

assess the relative importance of the phenornena Iisted above in influencing

the distribution and abundance of animals. One has onìy 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 (lgll'¡ observed that 3 species of ixodid ticks,

Apononrna hydz,osau.z,i, AnbLyormna Limbatum and AnbLyonrna aLboLínbatun,

distributed widely in Australia, had geographical distributions that'abut

but overlap very I ¡ ttle along very long boundariesr . Thi s observation led

him to ask two questions. Firstly, why are the boundaries where they are?

And secondly, why is there so I i ttle overìap?

Smyth studied data on the distributions of the three ticks from

collections and colìectors in many parts of Austraì ia. ln particular he

made extensive collections in three areas of South Australia. They were the

Cleve area, where Anb. aLbolimbatun and Ap. hyd:nosaw"i are parapatric, and

the Pt. Pirie and Morgan regions where Ap. hydz,osauti and Atnb. Linbatwn 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 wi th those of any particular hosts. There were, however, broad

correlations with average annual rainfaìl and, in one case, soiì type.
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Nevertheless there was no rapid transition in obvious environmentaì featu,res

that was consistently associated with the common boundary between a pair of

spec i es .

Bull and Smyth (t973), studied the water baìance of the ticks as "the

ticks' distributions are at least broadìy related to aridi tyrr. They

hypothesized that a tick's ability to survive arid conditions would be

correlated with the aridity of ¡ts range and that this ability might account

for the positions of the boundaries between species. Their results were to

sorne extent equivocal . Al though ,4p. hydtosaw"L showed a greater water loss

than the two Atnblyonrna species, as expected from the more southerly range

of the former, Atnb. alboLintbatum which occurs south of Atnb. Limbatwn.was the

nìos t res i s tan t to des i ccat i on !

The preliminary work by Michael Smyth and Michael Buìl (Smyth 1973, Buìl

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 outl ined beloi^r.

Add¡tional 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 wel l-defined boundary

between ,4p. hydtosauæi and A¡nb. Limbatwn 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. hyd-rosauz,i and Antb. Limbatum.were studied more closely than the third

species,Arnb. aLbolimbatun. However. it was imnrediately apparent that any
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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. aLboLímbatwn is present in l,/estern Austral ia the I imits of

distribution of the other ticks are in quite different positions from those

in Eastern Australia where Anb. aLbolintbatum does not exist. Thus,

relevant data on Amb. aLboLimbatum have been included in this study.

The interpretation of data on distributions requires knorn¿ledge of the

general biology of the ticks, thei r I i fe-cycles, behaviour, movements, etc'

lndeed many studies of the factors which limit tick distributions have

largely involvedstudies of their behaviour and phys iological ecology (Arthur

1962). lnformation of this type is presented in Chapter l.

A most important aspect of the ecology of these parasites is their

dependence on various host species. ln 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

I pointed out above that, in general, two types of explanations are used

for parapatric distributions. Chapters 5 and 6 describe tests of the

fol lowing hypotheses as explanations for the parapatric boundary between

Ap. hyd.z,osauri and Atnb. Linbatun at Mt. Mary.

1. That the boundary I ies along a discontinuity in some environrnental

factor or factors for which the species have different requi rements.

2. That the t\^ro species interact in some way so that they cannot be

sympatric.

ln Chapter 5 the Mt. Mary study area is examined in detail. The

boundary between Ap. hyd.tosauri and Atnb. Limbatwn is explored to establ ish

its position, whether or 'not it is stable and its reìationship to the

distribution of other envi ronmental factors. ln Chapter 6 information is

presented on the experiments performed to test the hypotheses and models are

presented to expìain, in terms of Present day(proximal)processes, the
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parapatric boundary at Mt. Mary.

The whole study is examined and discussed in Chapter /. 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.
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2.OO THE GEOGRAPHICAL D¡STRIBUTIONS OF THE TICKS

2.10 I ntroduct i on

Roberts (lgZO) made the first significant attempt to describe the ranges

of these and other Australian ticks. Earlier workers had too few specimens

to rnake other than fleeting comments on the subject (Ferguson 1925, Fielding

1926, Johnston 1932, Neumann 1899). Roberts noted that although members

of the two genera,.Aponormna and AnbLyonrna, are found throughout the worìd,

Ap. hydt,osawi, Anb. albolimbatun and Amb. Linbatw seem to be conf ined to

Austral ia and some of the isìands on the cont¡nental 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, 196\, 1969, 1970). Smyth (lgll) provides an explanarion for

this. He showed that a number of the records of the AtnbLyonrnas, used by

Roberts, vvere probabìy incorrect. Robertsr data contained four records of

Anb. aLboLimbatun from V¡ctoria,while Ferguson (lgZS) and Fielding (lgZe)

recorded it from New South VJales and Queensland. Smyth doubted that the tick

occurred in eastern Austral ia. Examination of two of the Victorian

collections showed one to be Ap. hydtosaur,í and the other to come from

Western Austral ia. Fieldingrs identification was probably wrong (Roberts,

1964) and Fergusonrs specimens have been lost. There was also a misleading

record of Arnb. Linbatum, an inhabitant of arid and tropical regions, from

King lsìand in the Bass Strait. Smyth found that the specimens, which in

fact are the type specimens (Neumann 1906), were actual ly label led I'Lri le

Ki ng. I' Smyth exami ned resu I ts of other col I ect i ng tr i ps to the Bass Stra i t

lsla'nds and examined his own data on the range of Anb. Límbatwn. He

decided that Lrile King could not be King lsland in the Bass Strait.

Atnb. postocuLatum Neumann had also been colìected on Lrile King at the same
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time as the type specimens of tunb. Limbatwn. Roberts (tg64) states that

Anb. postoculatum has only been collected in the fieìd once since, on

Bernier lsland off the coast of !,lestern Australia where Anb. Limbatwn is also

found. No one is sure where the original L'ile King is,but it is possibìe
1.

that ¡t is Bernier lsland,or,.nearby.

Smyth, during his,study of the ticks examined specimens ,lodSed wi th a

number of museums and research institutions. These included the South

Austral ian Museum, the l,Jestern Austral ian Museum, the National Museum of

Victoria and the I,Jaite Agri.cultural lnstitute. VJith 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 extensive

col lections in three parts of South Austral ia:near Cleve, Pt. Pi rie and

Morgan, these being parapatric boundaries. between Atnb. aLboLinbatum and

Ap. hydtosauz,zl in the f irst area and between Arnb. Linbatun and Ap. hydt'osauni

in the other areas. He did not gather sufficient data to map a boundary

'between the two AnbLyorønas. I was given these records which consist of 433

record cards each detaiìing 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 l.

All the tick specimens Dr. Smyth and I 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 k¡lled on roads, these were exêmined and any ticks attached were

taken. Voucher specimens of ticks taken from reptiles in the field have

been kept preserved in 70% aìcohoì.

Some of the tick specimens have been given to us by a variety of

people. Care has to bé 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.. Iugosus, kept as Pets. 0f ten
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these lizards which had been captured nany mi ìes away from their new home, may

well have brought ticks withthem, and might have picked up t¡cks in the new

area or from other repti les in the col lection. Another potential danger

concerns the use of bags in which herpetologists are wont to Place captured

specimens. A number of local biologists have regularly col lected repti les

in various parts of Australia and have generously allowed their catch to be

searched for paras i tes. lt was soon evident that sonre of these col lectors

used the same bags on successive trips to different parts of the state.

Further, it was found 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.

gther stud¡es on tick distributions have been made easier by the

development of techniques to obtain samples of unatteched ticks in the field.

These are discussed in more detail in Chapter 3 and includerflagging'

(Boardman 1944), carbon dioxide traps (Garcia 1962, 1965i Nosek and Kozuch,

1969), flotarion methods (Salt and Hollick 1944) and the Tullgren funnel

method (\^/ood 1965).' Flagging involves dragging a cloth oVer pasture to

which ticks, which live in the sward, attach, ê.9. Iæod.es ricinus (mi lne

1945a). lt proved inappropriate for the reptiìe ticks in that their micro-

habitats off the hosts were qu¡te d¡fferent from those of pasture ticks like

I. z,icinus (see Chapter 3). The C}Z trapping method relies upon the ticks

being attracted to h iSh C0, concentrations and moving along concentration

gradients. ln Chapter 3 | show that this does not happen with the three

reptil ian ticks. The flotation and funnel methods were also found to be

useless for gathering di stribution data.

It is perhaps as well, in one respect, that the ticks'.behaviour is

not influenced by C0, 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, Derrnacentor ua.r'iabiLis was inf luenced by

the CO, gradient produced by automobiles on roads! He stated that the

aduìt tick distribution in Arnerica had been changed and that ticks aìong
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roadsides rema¡ned active for severaì weeks longer than those in adjacent

open f ields. lt is unl ikely that Ap. hyd-r'osauri or ei ther of the AtnbLyonrnas

are simi larly inf luenced.

ln order to plot the distributions of related animals ¡t is essentiaì

that they can be distinguished. These matters are discussed at ìength in

Chapter I. All stages of Ap. hydrosauri were readiìy distinguished from the

other ticks. The ArnbLyonrna adult ticks h,ere easily distinguished but more

d¡ff¡culty was experienced with immature stages

The distribution maps of the three ticks are presented below in 2.20

for Austral ia overal l. Secti on 2.30 contains a descri ption of the pattern

in South Austral ia where d.ata are most abundant. ln this section

correlations wi th cl imate and topography are examined and the distributions

a re d i scussed .

2.20 The Australia-wide distribution of the ticks

The geographical distributions of the ticks in Austral ia and islands

on the continental shelf are shown in figure 1. ln 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. Aìso in sorrìe areas too many tick infested reptiles have been

caught to enable them al I to be plotted.

Ap. hydtosauti has been colìected extensively from reptiles in south

eastern Austral ia, and Tasmania and the Bass Strait lslands. Smyth (lgll)

reported that Dr. M. Bull had found specimens of the tick near Albany and

Bremer Bay in l^/estern Austral ia. 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 specirnens found attached

to reptiles in the t/estern Australian Museum. Figure 2 shows the distribution

of the ticks in Southern \^/estern Austral ia which has resuìted f rom these
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Figure 1. Austral ia, showing the distribution of

records of Amb. aLboLimbatttn, Amb. Limbatun and-

Ap. hydt,osauni.



o

oo
tr

o

o
o

o
o

oo

oo Ð

o

oÊ o
û

Þ
¡>

t;
%

o
o o

o

B
tr

o

o

t
o

o8
0 o

oo
t-

l-
-:

o

/ I I \ ,l

al L

oo

) (

o
o

O
a

E

q, 3 E

ft
F J

\r
.¡



Figure 2. Part of l'lestern Australia, showing the

distribution of records of Amb. aLboLimbatun and

Ap. hgdrosawi.
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endèavours. lt shows that there is a population of Ap. hydtosauri in

the Capte Naturaliste area and that other specimens have been discovered

near Albany, Bremer Bay and Esperance. lt is not yet known if the latter

occurrences represent one or more populations. The Western Austral ian

collections reveal a similar pattern to that which exists in South Australia

i.e. Ap. hydtosauní and Anb. alboLimbatum are parapatric (see Sharrad and

King 1979 in appendix 6).

Roberts (tgZO) also reported finding Ap. hydrosauri in Queensland

infesting echidnas, TachygLosaus acuLeatus, and other t"tt"lr. This tick,

which certainly has di fferent host preferences from the southern repti I ian

Ap. hydrosauti, seems to represent a quite isolated population. This matter

is discussed further in Chapter 3.

Amb. aLboLinbatwn is absent from south eastern Australia but occupies

a considerable portion of south western Australia. Amb. Linibatun is the

most r^,ide spread of the three species, being found in arid, semi arid and

tropical regions and is lands off the northern coast.

2.30 The Distribution in South Austral ia.

Figures 3,4, 5 and 6 outline the present knowledge of the tick

distributions in South Austral ia. Figure I gives the overall picture whi le

figures 4, 5 and 6 concentrate on areas of interest.

The maps support the findings of Smyth (lglÐ that the tick distributions

abut over long distances but overlap very littìe. This is most evident with

the boundaries between Anb. aLboLimbatwn and Ap. hydrosauri on Eyre

Peninsula, and between Amb. Limbatun and Ap. hydrosauri east of Spencer Gulf.

The boundary between the two Ambolyommas on Eyre Peninsula has not been well

def ine.d. lt 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 tn sorne areas



Figure 3. Part of South Austral ia, showing the

distribution of records of Amb. Límbatwn

Anb. aLboLirnbatum and Ap. hydtosauti. lsohyets(mm)

shown are taken from the Commonweaìth Bureau of

Meteorology (lg0g).
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Figure 4. Part of Eyre Peninsula, South Austral ia;

showing the distribution of records of Anb. alboLinbatun

and Ap. hyd.z,osaut,i.
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Figure 5. The Pt Pi rie area of South Austral ia;

showing the distribution of records of Arrib. Limbatun

and Ap. hyd.t'osawi.
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Figure 6. Part of eastern South Austral ia, showing

the distribution of records of Atnb. Linbatttn and

Ap. hydrosauti and the location of the Mt.Mary study

a rea.
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Another striking feature of the distributions shown on figure I is

that there êre no records of these ticks on Kangaroo lsland. This ìarge

area, 150km x 60km, is only lOkm from the mainland at the closest point

and I ies wel t within the cì imatic rnage of Ap. hydrosaurí. Extensive

collections have been made from reptiles on the island and ¡t is unlikely

that any species parasi tizing them would have been missed. Another tick

Aponornna fimbriatun is found there on goannas, Varcnus gouLdíi, and also

on the mainland where it is broadly sympatric with each of the other three

ticks. ln Chapter 4 the geographical distributions of the hosts are

examined and .it is shown that important hosts, particularly.sleepy I izards,

Tr. rugosus, are not found on Kangaroo lsland. The sleepy lizard and'

Ap. hydrosau.ni are both found.on the smal ler l./ardang lsland in Spencer Gulf .

Thus the problem of explaining the presence or absence of ticks on these off-

shore islands becomes, to some extent, the problem 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 infìuenced the ticks and

their hosts. These matters are p.ursued in Chapter 8.

Smyth (lglÐ noted that the common boundaries between the tick species

broadìy correlated, in some areas, wi th average annual rainfal l, vegetation

and soi ls. He found, however, that these correlations were not consistent

along the full ìength 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 a1.1966,

Subotn¡k 1956). These studies, and others in North America (Semtner et al.

1971), in Scandinavia (Ohman 1961), and in southern Africa (fne¡ler 1 96\),

clearly demonstrate correlations of this type, i.e. between the Ëoundaries

of tick species and cl imate and/or vegetation. The reason for such

correlations was first cìearly exposed by Milne (1944) in his study of the
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distribution of the sheep tick,Iæod.es 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 ìonger portion,

is spent off the host in some microhabitat suitable for moulting or eggìaying

or a\^raiting a host. lt is at this stage that they are most vulnerabìe to

desiccation, starvation or extremes of temperature. The nature of the

microhabitat of the tick off the host is thus crucial. Milne showed that

f. ricinus required a thick mat of vegetation on the ground in which to

develop off the host and in which to avoid desiccation. Such a microhabitat

depends upon the vegetat¡on type so -f. ríeinus cannot survive in habitats

where the vegetation does not have these characteristics. However it must

aìso 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 correìations bet\n,een cl imate and tick boundaries. Subotnik (lgSe),

for instance, showed that RhipíeephaLis sanguineus in Russia had its geo-

graphical range restricted by the average monthly tempèratqres 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 cì imatic

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 rainfal ì, with v?riations

in soil type and vegetation type. Humidity and temPerature vary with the

seasons and, as Subotnick (tg¡6) 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 wÉole of their length.

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

sou the rnMediterranean region, in south western Un¡ted States of Arnerica,



14.

and western South Af rica 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 ìow average rainfaìl' 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 rainfaìl are influenced by the Mt.Lofty - Fl¡nders Range

system which runs north and south along the eastern side of the Gulfs

(f¡gures 3 and 7).

. The bopndary between ,4p. hydtosaut'i and Atnb. Limbatwn in South

Australia runs for approximately 600km on the eastern side of Spencer Gulf.

For most of its length it can be plotted accurately bu! there are too few

records in the Lower Flinders Ranges and the Northern Mt.Lofty Ranges east

of Pt Pirie to teìl where ¡t runs. Reptiles 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. hydrosatni and Atnb. Linbatwn 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 4p.

hydtosauz,zl extends a I ittìe north of the 250mm isohyet into regions where the

average annual rainfall is less than 250mm. Smyth (197Ð suggested that in

the Mt Mary area the boundary corresponds closely with the transition from

mal lee scrub to plant assocîations more characteristic of arid areas.

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

north along the coast, while inland Amb. Limbatun is found. Sriryth noted that

in this area the former is in the area which receives the lcruver rainfall.

However Ap. hydtosauz,i does not approach the 250mm'isohyet which Passes



Figure 7. South Austral ia, showing detai ls of

topographic rel ief 150 Contours (metres).
n o'''

Al so shor,(i ngl - - - -1 s-l-' annual i sotherms and

'{oo.....annual evaporation (cm), adapted

from Specht (tglz).
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through Pt.Augusta to the north. These observations show that

consideration of rainfalì alone is inadequate in explaining the Pos¡tion of

the boundary. lt can be seen in figure / that the rnean annuaì temperature

and thus evaporation are much higher in this area than in the tick boundary

region east of the Ranges. the Ap. hydnosauri in the coastal strip near Pt.

Pi rie are probably in a more humid region, as Smyth (1973) suggests, than

further inland despite the higher rainfal I in the latter area.

ln the Fl inders Ranger,,4p. Trydrosaw,i stops weì I south of the 25Omm

isohyet.. while Amb. Lintbatun extends further south of that isohyet there than

elsewhere in the State. Amb. Límbatwn in this area experienceq rainfall in

excess of 350mm per annum. However, it is known that these areas of the

Flinders Range which have high average annual rainfall receive rain less

regularly than areas with simi lar averages further south (K¡dson 1925).

There would then be longer periods of low humidity in the southern Fìinders

Range than in more southerìy areas.

On Eyre Peninsula, we'st of Spencer Gulf , al I three sþecies are found.

(f¡gure 3). funb. alboLìmbatum extends in a narrow, coastal strip across the

Great Australian Bight and occupies central Eyre Peninsula. lt seems to be

bounded to the north by the 200mm isohyet, which also marks the southern

boundary of Amb. Limbatwn on Eyre Peninsula. There is in the southern part

of the Peninsula an isolated population of Ap. hydnosawL which has a common

boundary with Amb. aLboLimbatwn iust south of the 400mm isohyet.

Smyth (lglÐ 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. hydrosauz,zl seems to push a narrow extension

of its range north just inland of Arno Bay. This narrow projection broadens

in the CÍeve Cc¡rtell area. ln the narrow section inland from Arno Bay

Ap. hydrosauri and Anb. aLboLimbatwn are found together, but in the broadened

section further north there is a large area where onlV Ap. hyfu'osauz"L is

found. There seem, as Smyth suggested, to be no obvious correlations between
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rainfal I or humidity and the tick distri'butions in this area.

lf the tick distributions on the eastern side of Spencer Guìf are

contrasted with those on the west, the most obvious difference is the broad

band of Anb. aLboLimbatwn which separates A¡nb, Límbatwn and Ap. hgdtosaut'i

on the western side and the common boundary between these two ticks on the

eastern side (f¡gure 3). ln Chapter 1 it was obsèrved that parapatric

distributions may result from competitive interactions between the species

involved. The difference between the distributions of Ap. hydt'osauni and

Anb. Limbatun, with and without AÌnb. aLboLintbatum being present'

necessitates an examination of the hypothesis that the paraPatr¡c

distributions of the ticks may have resulted from competitive interactions

between them.

ln 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 AnbLyontnas.

The positions of the boundaries seem generally to correlate with climate, and

in some areas with vegetation, i.e. the factors which influence the micro-

habitat of ticks off the host. The irregularities in the correlation between

ûìeasured cì imatic factors and tick boundaries probably arise because the

rneasured factors do not necessari ìy accurately mi rror the actual condi tions

in the microhabitat of the tick, and because these conditions depend on the

interaction of a number of factors. Another observat¡on that can be made is

that the difference in distributions between the areas with and without Arnb.

aLboLimbatwn means that explanations of the parapatric boundaries by

hypotheses which 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 absqnce of ticks, and some of their

hosts, from Kangaroo lsland.

It was cìear that there were two parapatric boundaries suitable for this
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study; the boundary between Anib. alboLimbatwn and Ap. hydrosauri on Eyre

Peninsula and the boundary between Ap. hydrosauri and Amb. Límbatwn east

of Spencer Gulf. Hypotheses erected in an attempt to exPlain the distri-

butions needed testing at a tick boundary. lt can be seen from figure 3

that the closest boundary to the Adelaide laboratories, where this study

was based, is the one between,4p. hydrosauri and Atnb. Linbatwn 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 oi roads.

The discussion earlier in this chapter indicates that i.nformation 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 rnechanism(s)

involved in determining the boundary between Ap. hydtosaurí and Amb.

Límbatwn, th.e ecoì ogy of Arnb. aLboLímbatwn , seems inexorably I inked 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 lntroduction:

From ancient times to the present a number of tick species have attrac-

ted considerable attention from biologists in many Parts of the world

(Rrthur 1962). This interest is due to the propensity of these species to

attack humans and thei r dornestic stock, often transmitting fatal or

debilitating diseases. Accordingìy there is a vast llterature on the

biology of many mammalian and avian ticks and the diseases that they transmit

while ticks that prey on reptiles or other non-dornesticated animals are, by

comparison, I ¡ ttle studied. The three ticks examined here have been exposed

mainly to taxonomic investigations (Denny 1843, Koch 1844, Lucas 1861,

Neumann 1899, 1906, 1911, Patton and Cragg 1913, Ferguson 1925, Fielding 1926,

Rob i nson 1926, Johns ton l93t , Tubb 1938, Seddon 191+7, 1951 , Roberts 19\7 ,

1953, 1961+, 1969, 1970). These concentrate on their morphological charac-

teristics, particularly of the adults rather than immature stages, and only

touch brief ly, if at al l, on other aspects of thei r biology. More detailed

information on the life histories, physiology and ecology of the ticks is

presenred by Bull (1969), Bull and smyth (tglÐ and Smyth (1973).

The three species have similar life histories of a tyPe common to many

of the lxodidae (hard ticks) in that they are three-host ticks, see figure 8.

This means that they pass through three distinct morphological stages in

their I ife cycles; larvae (t-t-) , which have six legs, and the nymphs (Hru)

and adults (66 and gg) with eight legs. 0nly in the adults is there apparent

sexual dimorphism. At each of these three stages the ticks attach to

reptilian hosts by insertïng their mouthparts through the hostrs skin and

imbibe large, slow meals of bìood or other substances from the host over a



19.

per¡od of time ranging from ! 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 femaìes detach from the host in the refuge (..S. bush or

burrow) it frequents and there find su¡table 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 identificat¡on 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.

l'n order to maP the geographical dislribution of a species, one must be

able to identify the animal and distinguish it from other related species.

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 morphological ly distinct types; larvae, nymphs, adul t 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 Apo nornlìa hvd rosaur i ( oenny)

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

Tasmania f rom a t*ydrosatlas gouldiit (Roberts 1964). He named them
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Iæod.es hydz,osauri. Roberts (1964) reported that he had searched unsuccess-

fully for these tyPe sPecimens but was sat¡sfied by Denny's rbrief and

inadequate' description that they were of the species now called Ap. hydno-

saw,L. tt is also interesting to observe that Roberts (tgSf) deduced that

the 'Hydrosautus gouLdii' , of Denny' was the goanna Varøtus gouLdii.

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 ìarge skink with Hyd-rosaurus gouLdii.

The tick suffered four name changes in the sixty years from 1843. Koch

( 1844) referred to the t ick as AnbLyomma hgd'z'osat'tz'i. . Lucas ( l86l ) came

upon specimens of the tick on tTraehysanrrus scaber" and named them Iæodes

tt,achysattti. The generic af f inities of the tick were establ ished by

Neumann (f8gg) when he described the genus Aponormna. However he described

the tick as,two species Ap. hydtosauz,i and þ. trachysauu'í, the latter from

Lucas' typ. specifiìens.

.Neumann (tgO6) then complicated the matter when he reported finding 1

land 5 ?g aicks on an echidna, TachygLossus aeuLeatus. These he identified

as Ap. concoLor,, described by him in 1899, and he decided that this species

was the same as the one naned Ap. hydrosauri. The name ,4p. hydrosattni was used

to describe the echidna tick by Neumann (tgO6), Patton and Cragg (1913),

Ferguson (1gzÐ, Fielding (lgz6), seddon (1947), and Roberts (19\7, 1953).

The reptilian tick, to which this section is devoted, was called Ap.

ttaehysauti by Patton and Cragg (1913), Ferguson (tgZs), Fielding (t926),

Johnsron (t%z), Tubb (rg¡8) , seddon (lg4l, 1951) and Roberts ( 1947 , 1953) .

Roberts (tgSl, 196/,+, 1970) resolved the matter. ln his 1953 paper he

referred to the echidna tick as Áp. hydrosaurí, the reptiìian tick as 1p.

trachysatu'i and aìso described some Queensland specimens frôm echidnas and

one fromBos tannus as Ap. tachygLossi. ln the 1t64 paper he described the

mistake made by Neumann (1899, 1906), revealing that Ap. eoncoLor was a parasite
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of ech idnas and that ,4p. hydt'osattri and Ap. traehysøur were synonyms. He

res tored the nanre Áp. hydt,osauri to the rept i le t ick and d isca rded trachy-

sauyi. The new species Ap. taehygLossi (Roberts 1953) was later said to be

identical with Ap. hydtosattt'i (Roberts 1970).

This leaves ,4p. hydnusaurzl as the tick with a qouthern Austral ian dis-

tribution where it parasitizes reptiles and an isolated population on

echidnas near Rockhampton Qld. Dr. Smyth and I were loth to accept that the

Qìd. ticks were Ap. hgdrosau.ti. The identificatÎon has, however, been

confirmed by Drs. Roberts and Kemp of the C.S.1.R.0. Long Pocket.Laboratories

and Dr. Smyth (t<emp. Pers. Conm.., Smyth, Pers. comm). The Qld. ticks are

morphologically indistinguishable from the southern reptiìian ticks. lt

would be interesting to pursue this matter further with mating trails and

electrophoretic comparisons of the northern and southern PoPuìations.

Ap. hydtosatni lé, 99 and NN are readi ly distinguished in the f ield and

laboratory f rom the other eight Austral ian Aportonmas. Ap. eoncoLor', which

Neumann (fgO6) thought to be identical to the Áp. hydtosauri he viewed in

1899, has only been found on the echidna, IaehygLoasus aeuLeatus, and never

on reptiles. lt is also morphological ly distinct f ron Ap. hydtosauz'Z at al I

srages of the life cycle excepting LL (Roberts 1953,1970). Ap. fimbriatwn

is the only other member of the genus found on reptiles in South Australia.

It is quite different in appearance fron Ap. hydrosauri and is found on

snakes and goannas.

Although the genus Aponoruna is thought to be rnost cìosely related to

AnbLyontna (Neumann, 1906) , thei r members are readi ly distinguished.

At all stages of the life cycle AnbLyonrnas llave'eyes' which Aponorlvnas lack

(the terminology is that used by Robinson (lgZ6) and Roberts (tgZO)). Apart

from this difference.,there are great differences in body size and shape and

ornarnentation between Ap. hydn'osattrL and the two Arnblyoîrna.s.(Roberts 1970).
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3 22 Amb lyomma albol i mbatum Neumann

and Ambylomma I imbatum Neumann

Neumann (lgOZ) described Anb. aLbolinbatum from a tTraehysaut'us t'ugosus'

found in VJestern Austral ia. He had earl ier (1899) classif ied ticks f rom

'Lile King' and 'Adelaide' as Amb. Limbatun. Neither species has attracted

such confusion in nomenclature as has.4p. hydz'osawi, and later works which

comment on them include Robinson (tgZí), Ferguson (1925), Johnston (1932),

and Robe rrs ( tgl¡ , 196\, 1969 , 1970) .

The gg of the two species and of one other, Mb. moreLiae, L. Koch (1867) ,

which does not appear to live in southern Australia, are said by Roberts

(.¡953) to be d¡ff¡cult to distinguish. lt can also be added that their NN

and LL have proved well nigh impossible to separate. The lépr"t"nt less of

a problem (Roberts 19fi) and fortunately these are the ones flìost often

encountered in the f ield. Anb. aLboLinbattrn #, 
^nd 

to a lesser degree,

gg, are usually distinguishable from the other species. There are rare

specimens, however, which I have found d¡fficult to so categorize. This

occurred with specimens (viaì No 153) collected near the boundary between

Anb. aLboLimbattnn and Amb. Limbatwn south of lron Knob, South Australia.

The 6ó col lected appeared almost intermediate in nrorphology between Anb.

aLboLimbatwn and Amb. Limbatwn! lt is not known ¡f in fact the t\^,o species

can or do hybridize. Sharrad and King (1979) report similar difficuìties with

a few such specirnens f rom lJestern Austral ia (see appendix 6).

. The most serious difficulty is in contrasting Anb. Limbatwn and Amb.

moxeLiae. ln fact Neumann (1899) sus.pected that Anb. Limbatun might only

be a var¡ety of moz,eLíae. Roberts (1964) reported that investigations

convinced h im that th.e 'two species may be readi ly distinguishedr . Roberts

(tgZO) described the ranges of the species and showed that they overlap.

However, it seems that hnb. moz,elíae occurs mainly in eastern Austraì ia,
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while Amb. Línbatwn is found in al I mainland states. I have found no

recognizabl ¿ Anb. moreLíae in South Austral ia during this study. However, I

have obtained specirnens from interstate and am confident that they' or at

least the adults, can be distinguished f ron A¡nb. Linbatttn. More data are

needed, though, on the geographical variation of the ticks, particularly in

eastern Australia, before I can share Dr. Roberts'confidence that they are

two distinct species.

Sharrad and King (tglg) report the occurrence of very snall Amb.

Límbatun f rom the north-west of VJestern Austral ia. ¡he ll of. these .ticks are

smal ler than the minimum size I isted by Roberts (tgZO).

I suggest that a thorough examination of Atnb. Linbatwnf.rom various Parts

of its huge range would reveal the existance of severaì distinct subspecies

or species.

There are other funbLyonrnøsclosely related to the ones above. The f irst

is an undescribed species first recognized by Dr. Smyth from specimens

collected in the Flinders Ranges of South Austraìia (Smyth Pers. comm.) I

have collected a number of specimens since, and it proves easily !'ecognizable

due to its remarkable gold ornamentation. This species appears confined to

large skinks, particularly Egernia stokesü, in the Fl inders Ranges. The

second was recently discovered among specirnens f rom l.lestern Austral ia

(Sharrad and King l979rappendix 6) and had parasitized a blue tongue lizard

(TiLiqua oecipitaLis) near Derby.

3.23 The reliability of tick identificatron

ln 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 repti les is outl ined in appendix 1. Ticks \^/ere .identif ied in the

laboratory using an 0lympus SZ TIT stereo microscope and the keys of

Roberts (fgZO). These keys requi re the observation and measurement of
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various morphological ãttributes of the ticks.

Some species are readily distinguished, or some stages are' and couìd

even be sorted in the field with the aid of a hand lens. Others are more

diff¡cult to tell apart but may be confidently recognized in the laboratory

with the aid of a microscope. Sometimes ¡t is virtually impossible to

assign specirnens, particularly LL, to a part¡cular species although one can

recognize thei r generic affinities. ln the following table (t) the above

three categories are appì ied to the 3 ticks and tunb. moreT.iae (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.

Apononrna

hud.rosaw,i

AnbLgornna
ALboLinbatwn

qg
óó
NN

LL

F

F

F

L

Anblyonrna
aLboLímbatz.on

AnbLyomma
Limbatun

99
ðd
NN

LL

L

F

X

X

F

F

F

L

ArnbLyonrna
Limbatwn

funblyonma
MoreLiae

99
óó

L

L

X

X

F

F

F

L

L

F

X

X

NN

LL

The tabìe summarizes information discussed in 3.21 and 3.22 above.

It can be seen that Ap. hydtosauri is readily dist¡nguished from aìI the other

ticks at aìl stagès. lt is also readily sorted from all other Aponomnas

excêpt in the.case of LL. lt is within the genus AnbLyormna that the d¡ffi-
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culties ìie. The three species I isted above are onìy distinguishable as

adults, particularlV 6d. Fortunately Anb. moreliae has not been found in

South Australiaoand is therefore unìikely to influence the reliability of the

local distribution maps in Chapter 2. The more serious observation to make

here is that although ît of Amb.Linbatwt and Anb. aLboLinbatwn are usualìy

quite distinct, some specirnens have been found which are internediate 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 are

all three,.host ticks (tiS 8). However there is great scoPe for both tem-

poral and spat¡aì variation between them at each of the stages oî tn. life

cycle. The ticks might, for example, parasitize lizards at different tinres

of the year or exhi'b¡t .d¡fferent patterns of seasonal and/or diurnal

behaviour. They might seek different microhabitats in which to mouìt or

ìay eggs. Such differences in behaviour could mean that the ticks are

exposed to qu¡te different environmental conditions.

Apart from different behavioural reactions the ticks might also vary in

thei r physiological capacities. Both areas have to be i I luminated if the

parapatric distributions of the ticks are to be understood. Bartholomew

(lgSg) point out that to find out why a species ìives in one area but not

¿nother area (nearby in this case) you need information on the physiological

capacities of the animal, its behaviour and an understandiqg of the

envi ronment in the areas concerned.

Seasonal activity of the ticks.3.31

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 A b), who

followed Macleod (tg¡g) in studying the sheep tick læodes ricinus in

Scotland and northern Engìand, called the period during which the ticks

infected their hosts the season of 'tick act¡vity'. rrActivity" is a poor

word to use here because ticks may be active without infesting a host.

However I follow the lead of other workers and use it below. The sheep

tick was shown to exhibit a pulse of "activityil during spring and in some

areas during the autumn as well. A number of other three-host ticks have

clearly def ined seasonal "activity". Sorne, such as Dev,macentor reticu-

Latus, exhibit similar seasonal patterns to -f. riciruls but others, such as

RhipeeephaLus appendieuLatus do not (Arthur 1962). Two-host ticks, where

LL do not dê'tach before moulting to NN, flêy also exhibit seasonaì variation

inrractivity". Pomerantzev and Matikashvich (tgl+O) and Grobov (lgt+e) noted'

that the "activity't of HyaLonrna rufípes was confined to certain seasons.

Arthur (1g62) implies that one-host ticks, in which LL, NN and adults remain

attached to the one host, do not seem to exhibit seasonaì rractiV¡ty'r.

However Sutherst and Moorhouse (lglZ) show that the cattle tick, Boophi,Lus

micnopLus, 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 "activ¡tyrr, notabìy those that live in their hostsl

burrows, e.g. I. heæagonus (Arthur 1962).

The seasonal 'ractivity" of ticks may vary within the one species over

its geographical range. MacLeod (1939) and Milne (lg4S a) showed that in sorne

areas of northern England -f. ricinus was active in spring and autumn.

Edwards and Arthur (19\7) and Evans (tg¡t) showed a simiìar pattern for

I. ricinus in t,lales, but Miìne (1g45 a) had shown that sheep ticks in parts of

Scotland were only rractive" during spring. S¡mi lar variation wi th geography

has been shown for Rhipecephalus appendiculatus in Africa by Lounsbury

(lgo4), wilson (195Ð and Matthyse (tgSIt). Arthur Ígez), in a review of

the Iiterature on this topic, pointed to comparabìe variations in Hyalonrna
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detritwn in Russia and H. eæcaqatwn in the M¡ddle East. Some ticks exhibit

the same seasonal pattern over their range but it is displaced in different

areas. Gregson (t9Sl) showed that D. qnd.ersoní in dr¡er 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,.r. rubictmdus,

seasonaì behaviour varied with altitude.

The above observations are consistent with the idea that climate has a

great influence on tick developnrent. MacLeod (lg¡4) observed that relative

humidity and te'nrperäture were the outstanding factors inf luencing the

development of f. ríeinus. lt can be seen that thes. f".torc would vary

with topography; thus þopulations of a tick species in different areas with,

presumably, simi lar physiologi cal capabi l ities may have thei r rract¡vity"'

confined to,different periods. There has been some debate, however, on just

how factors such as temperature control the seasonaì "activ¡tyrr'of ticks.

Macleod (tg¡g) postulated that in the sheep tick unfed ticks were available

in pasture for periods.much longer than the "activityil season but that they

were unable to invade a host at temPeratures outside a range of i.2 - 15.5oC:

Milne (1945 a) and Lees and Milne (tg¡t) rejected th¡s hypothesis and showed

that temperature controlled the development (egglaying, moulting etc.) of the

ticks and thus the supply of unfed ticks. Thus in 1. ricinus ticks are most

¡ractive" when the supply of unfed ticks is greatest. ln other ticks thbugh,

it may well be that unfed ticks are available throughout the year but that

they are onìy able to attach to hosts for a short period. This could be for

a reason like that suggested by MacLeod above, or that the hostsr life

histories imposed such a restriction.

A particular stage in the life cycle of a tick often n", " pattern of

"activ¡tyrr different from other stages. Smith, Cole and Gouck (1g46)

determined the seasona,l "activityrr patterns for each of the instars of

D. uariabiLis (American dog tick) by trapping rodent hosts and counting the

attached ticks. They found that LL were nìost I'active" early in spring, NN
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were nactiver¡ later, in summer whi le adults parasitizing rodents slowly

increased in numbers throughout sPring and decreased again in summer. ln

this case the LL had over-wintered and during the warÍìer sPring weather

they quickly attached, engorged,.detached and moulted to NN which fornred

the summer pulse. Simi ìar di fferences between the rtactivi ty" of i nstars

has been shown in a number of species including; Anb, Uariegatum,

H. eæaÐatum, H. d.etritun, D. pdnrnapertus, D. r'etuiLatus, D. øtdetsoni

and -r. rLcinus (Arthur 1962) .

I mentioned above that characteristics of the host might also affect

therractivity" of ticks. Some support for this occurring is supplied by

investigations of ticks which have many hosts. Milne (1945 b) observed that

f. rLcinus infests di fferent host spec¡es at different ti mes. He parti cu-

larly noticed differences between major infestations on sheep and on wild

,an imal s and b i rds . Randol ph (1975) not iced that -f. tu"LmguLiceps âad

di fferent rtacti vi tyil patterns on di fferent species of smal I rodents.

Seasonalrractivity" seems, from the above analysis, to be due to the

requirements 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 meantirne,

succumbing to harsh envi ronmental conditions. The microhabitat that the

tick occupies during this tirne must represent a comPromise 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 ¡t is too cold or too dry, have been said to

hibernate or aestivate (Gregson 1951, Arthur 1962) ' or to diapause

(Razumova 1965, Doube 1975). lt is evident that the onset and

duration of diapause is under photoperiodic control in a number of ticks

(Belozerov 1!68, Doube 1975). '
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3.311 METHoDS

A very few rnethods have been used to del imi t the rractivity" season of

ticks. Often workers have counted numbers of ticks on hosts at regular

intervals and calculated the average number Per animal,as Milne (lg4S a)

did with 7-. rLeinus. Boardman (1944) describes another method which has often

been used since. T¡cks which live in pasture sit on the tips of the

vegetation when in search of a host and will attach to a cloth or blanket

of cotton, flannel or wooì ¡f ¡t is drawn past them. This technique, called

'fìagging', was used by Milne and many later workers on other ticks and allows

calculation of tick numbe rs/flag/man/hour (see Drozdova and Sapegina 1965).

Airother rnethod aros'e f rom the discovery that many ticks wil l, when active, be

attracted to higher than normaì concentrations of COr, a way in which they

detect potenti al host, parti cularly manmal s. Garci a 1962, 1965, Mi ìes 1968,

Nosek and Kozuch (1969), Hair Hock, Barker and Semtner (lglZ) and t,/ilson,

Kinger, Sauer and Hair (tglZ) describe how such ticks may be trapped and

counted. lf ticks move about on the ground they may also be caught on

p repa red s t i cky s u rf aces ( Lees 19fi) .

ln 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 wouìd not pass near the ticks and they would not cling to

¡t. Similarly the C02 trap technique does not work. The ticks are not

stimuìated bV CO, gradients (see later). lnformation on seasonal rractiv¡ ty"

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¡ractivity" of

ticks Ìlluminates 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 overcoÍìe as the vast buìk of tick infested repti les

caughtweresleepylizards(Tr,.rnlgosus).ltWasalsonotedabovethat

the seasonal,'activity'¡ of ticks might vary over their range' study of the

data indicates tl-tat for Amb. aLboLínbatun and hnb'. Linbatwn records are from

quitesmalìPartsoftheirrangesanddonotrePresentPoPuìationsfrom

widely different climatic regions. The bulk of the ticks collected is of

Ap.hydtosaur,LandwastakenfrommostPartsofitsrangeinSouth

Australia - from Mt Mary which averages 225nn of rain per annum to areas of

the Ade l ai de H i l ì s wi th up to 1000nm Per year '

There is a major difficulty in using daia from captured reptiles to

compile daLa on ticks' seasonal rract¡vity'r' The reptil ian hosts 'are d¡ff i-

cuìt 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 surmer lizards like ?:1. r'Wosus are seìdom seen' This means that

estimates of tick "activity" during those tinres are based on much smaller

samples than in spring. ln some cases below I 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'ractiv¡ty"' Many workers in

thisfieìd(seeArthurl962)simplydividethenumberoftickscollectedin

a period of time by the number of hosts caught in that time to give the

average number of ticks (lt, NN, ddor ?9) per host. Additional information

can be gained by caìculating the average number of ticks of a particular

stageonhostsParasitizedbythatstage.Alternativelyonecanseeif

there is a seasonal change in the proPort¡on bt hosts infested with a

particular stage out of the total number of hosts examined'
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3.312 ADonomma hydrosauri

Figures !, 10 and 11 present data coìlected on the seasonaì "activity"

of the ticks. To avoid problems discussed above, onìy records of numbers

of ticks on ?n. Tugosus have been used. Very low numbers of these ìizards

were found during Autumn and Winter months. Also,examination of the data

revealed consi stency wi th in some seasons. So resul ts for the months March

and Apri I 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 the total

number of I izards recorded for that period. F¡gur:e 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 particuìar stage. The average numbers of ticks

of a particular stage on lizards infested with that stage are shown in

Figure 11.

Exåmination of these figures supports the comment of Bull (1969) that

ticks are found on I izards throughout the y.ear. 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. lt can be seen that the

numbers of LL and NN on sleepy lizards increase sharply in August and peak

in September - Qctober. The numbers then drop sharpìy again during summer.

ln March - April there appears to be a slight increase in the numbers of

immature stages on lizards (see figure 1l) reminiscent of autumn pulses in

tickrractiv¡ty'r discussed above in 3.31. However,the number of hosts

examined was very low, only 2\, and the average. numbers of ticks per host

do not, on analysis, vary significantly from the other figures for surnÍner

and winter.

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

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

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



Figure 9. The seasonal act¡vity of Ap. hydrosaur|,

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; June and July. The

numbeis'of hosts on which ticks were counted are

recorded at the bottom of the figure for each

t ime period.

Al I the hosts were s leepy lizards^Tt'. rqosus.
)
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Figure 10. The seasonal actîvíty of Ap. hydtosauri,

showing the proportion of tick, infested hosts (T2.. rugosus)

infested wi th a particular stage of the tick's I ifecycle.

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 tîme period.
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Figure 11. The seasonal activity of Ap. hgdtosauui'

showing the average number of ticks of each stage

parasitizing hosts (Tn. mqosus) 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 rmany LL, greater than 100'; in fact sone Iizards had

over 4OO ticks attached to them. 0nìy 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 I'activityil results from

both an increase in the proportion of lizards infested by ticks (figure l0)

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 dramat.ically in summer and winter as in tÀe case of the LL.

Also the spring pulse of rractivityil seems relatively proìonged. in NN

figure 1 1 shows high numbers Per host continuing into November-

The adult ticks do not exhibit the same pattern of seasonal abundance

on hosts as the inmature stages. ? 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 99 are less abundant in

winter and their numbers pick up from mid spring through summer. I ¿p.

hydrosatui are to be found attached to sleepy lizards throughout the year.

There is a suggestion of a spring peak in "activityil in figure ! but the

averages for each month do not depart significantly from each other.

The seasonal I'activity'r 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. hydtosauri are poiki lothermic thus

attached ticks experience quite different conditions as ambient temperatures

change from season to season. So do detached ticks for they are also poikiìo-

thermic. Seasonal changes in humidity,however,wouìd probably most greatly

influence ticks off the host, as attached ticks have tapped a large supPly

of water.

Duri ng wi nter i n southern South Austraì i a temperatures decrease and

humidity levels rise; most rain faìls during winter (Aust. Bur. Met.1975).
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The average daiìy temperatures here do not faìì below freezing point as they

do during the winters experienced by some of the tick species mentioned in

3.31 above. The moderately cold condi tions would certai nìy 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. l.lhen temperatures increase during August both groups of

ticks, attached and detached, wouìd increase thei r activi ty. ?? attached

would quickly engorge, detach and lay eggs which would quickly hatch in the

higher temperature, regime_. Detached, engorSed gg which had been prevented,

by low winter temperatures, from laying their eggs would do so. Unhatched eggs

wouìd begin to hatch rapidly. Thus there would be a spring pulse.of LL'

LL are the most numerous stage of ticks. A g Ap. hydrosauri nay lay

1,000 eggs - see later. So the spring pulse of'ractivity't is marked. The

LL can engorge, detach and moult within a month. Thus newly moulted NN

are suppì ied later in spring. This probably explains why the rractiv¡ty"

peak of the NN extends further into November than the LL. Aìso the numbers

of NN are lower than LL which probably ref lects a high nrortal ity rate af ter

LL detach. gther NN are supplied early in spring as engorged LL might have

over-wintered, prevented by low temperatures from mouìting.

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. ln 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 encounteri ng a host during spring.
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During the summer the activity of I izards decreases (see Chapter 4)

and ¡t 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 sumnìer.

I 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 99. This long stay tends to mask seasonal

changes in numbers of new ticks attaching. lt should also be remembered

that adult ticks are relatively small in number compared with LL. ?? are

least often encountered in the field for this reason and because they do

not stay very long on hosts, unlike the ód.

Studies'on a popuìation of Ap. hgdrosau.tí at Tickera (upp.r Yorke

Peninsula) by Dr M. Bull and others have largely substantiated the pattern

of infestation reported above (gul I Pers. comm.). V/eekly trips to this

study area revealed a very marked pulse of larval infestation of sleepy

lizards (fr,. rugosus) in the spring. This was followed by marked peaks

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 Amblyomma I imbatum

Data on the seasonal "activity't of Antb. Linbatun are presented in

figures 12,13 and 14. These were prepared and are presented in the same

manner as that in 3.312 for Ap. hydrosatti. The records come f rom the Mt

Mary boundary area and from areas just north of ¡t. They may not be repres-

entative of populations in other Parts of the State.
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Figure 12. The seasonal of Anb- Linbatun, showing

the average number of ticks per host (Tr- nugosus)

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

(T2,. nugosus) infested with a particular stage

of the tickrs ì ife cycle. Data are presented, rlr, .:
for time periods. two months ''long.

The numbers of hosts on which ticks were

counted are shown at the bottom of the figure

for each time period.



99

ao

oo o

o0

óó

NN

LL

1.0

0

o.

0

No. of
hosts

a

,J F. .M A, M

o a o

a

A N

o o

o

o0.
oo

o o
O'2

o-2

o

o

oa

60 22 17 '17 106 = 448



Figure 14. The seasonal activity of Anb. Linbatum,

showing the average number of ticks of each stage

parasitizing hosts (Tr,. nugosus) that were infested

wi th 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'ractivity" in

this tick as there is in Ap. hydrosauri. Part of the reason for this may ìie

in the difference in climate between areas south of the Mt Mary - Morgan

area, where Ap. hydrosaurL ìives, and north of Mt Mary where Atnb. Limbatwn

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 devel.opment of Anb. Limbatun is less inf I uenced by lor¡r winter

,temperatures than is the case for Ap. hydrosauri to the south. The seasonal

activity patterns of hosts might a'iso change, with cl imate, f rom the type

describeä 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. Línbatun seem to behave much like

Ap. hydrosauri aduIts.

3.311+ Amblyomma albolimbatum

There are insufficient records of these ticks to attempt the construc-

tion of graphs like those presented for the other species. The nearest

Anb. aLboLimbìatum population to Adelaide is 500km away in the Cleve area

of Eyre Peninsula. Thus few collecting trips couìd be made and those that

weie conducted were timed so that lizards were likely to be active. Records

are therefore only available for the sprinj months September, October and

November. The results for the three months are pooìed and presented in the

table below.
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Tab le 2

Spring abundance of Anb. aLboLínbatun in the Cleve area. Records of

the numbers of these ticks infesting s ìeepy lizards Tr. Í,Wosus during the

months of September, October and November are used to show;

ln column 1. The average number of ticks per host collected.

NN = Nymphs

LL = Larvae

ln column 2. The proportion of the number of hosts collected that were

infested wi th that stage.

ln 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.

33
1 .17
\.25
1.84
7.69

0. 54
0 .96
o.32
0.29

2.3
4. 41

7.23NN

LL 8929

The averages shown in table 2 are of the same order as the spring

values for Ap. hydt,osawi and Anb. Linbatwn. The reìative abundance of the

stages are simi lar and so are the proportions of hosts infested by the various

stages. The numbers are a little higher than in the other species but it is

not known if this is a significant difference. More data need to be collected.

gne would expect Amb. AlboLínbatwn to have a similar pattern of seasonal

act¡vity to Anb. Linbattnn. The two ticks are very simi lar, nophological ly,

although the ìatter is smaller. lf-ras suggested in 3.313 above, the

d'¡fferences in seasonal activity between Ap. hydrosauz'i and Amb. Linbatum are

largely due to cl imatic di fferences which influence tick development and

Iizard activity, then Anb. alboLimbattsn might welI have an intermediate type
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of pattern. This would mean that Amb. aLboLimbatwn would have a more Pro-

nounced spring pulse of activity than Anb. Línbahnn. However more data need

to be obtai ned to accurateìy test thi s hypothes i s.

3.32 Frequencv distributions of ticks on hosts.

Bull (1g69) suggested that LL of Ap. hydr.osawi tend to remain in a99re-

gations after hatching,and thus lizards are likety to be infested either

heavily or not at all. . ln this section the patterns of infestation are

examined for each instar of Ap. hydrosøuz'i and Amb. Linbak'tn and this

hypothesis is tested. The records used in 3.31 above are used for this

Pu rPose.

Figures l5 and 16 show the frequency with which particular numbers of

Ap. hydrosauni were found on sie.py Iizards (Tr'. zwgosus). Figure 15 shows

similar information for the irmature stages. The records are from thoughout

the year. lt is evident that the 88 "r" most often found on lizards while

other stages are much less often to be found.

A similar pattern is shown in Figures l7 and 18 for Anb. Limbatwn.

There are few data on Anb. aLboLinbatum,but those col lected suggestr 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 ìizards, as Bull (1969) suggested. This can be tested.

lf 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 lo4one would

expect the observed frequencies of ticks per host to fit a Poisson distri-

bution (Sokal and Rohlf 1969). The distribution of frequencies would depart

from the Poisson distribution if clumping occurred

ln the tables below the observed frequencies of numbers of ticks on

I i zards are compared wi th Po i sson d i str i but ions cal cul ated frorn the sampl e

means. see sokal and Rohì f fi969, pp 85-95) .



Figure 1!. Frequency distributions of the number',

of adult Ap. hydnosau.t¿ (ðð and 99) found on sleepy

I izards, Tr,. rugosus.

Lizards were searched for ticks throughout the

yea r and the resu I ts poo I ed.

N = the number of records used to compile the

frequency distribution.
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Figure .l6. Frequency distributions of the numbeq, of

each immature stage of Ap. hgdrosaur,¿ (NN and LL)

found on sleepy lizards, Tr. nugosus.

N = the number of records used to compile the

f requency distribution.
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Figure 17.

adult Amb.

Tz.

Frequency distribution of the number of

Limbatun (dofand gg) found on sleepy lizards,

Tugosus.

N = the number of records used to compile the

f requency dìstribut ion.
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Figure 18. Frequency distributions of the numbers

of each immature stage of Anb. Límbatøn (t'¡¡l and LL) found

on sleepy lizards, Tr. rugosus.

N = the number of records to compile the

f requency d i stribut ion.
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Ap. hydrosaut'i 92

No. of oo1'f

38.

Tabl e 3

infestinS 394 sleepy

0bse rved

I i zards Tr..

Poisson
expected
f req uenc i es

E

rugosus

Deviation from

expecta t i on

0-E0

0
1

2

3
4

268
87
29)
8) 3e
2)

251 .5
112.9

)

) 29.6
)

:

+

Tota I 39\ 394.0

a = 9.\\9
'X2 = 10.0

t

The coefficient of dispersion C D = + |g(

s2 = 0.578

Q2 .oo5(l) = 7.89

CD I .288

sample variance
Sample mean

)

)

ln a Poisson distribution the variance is equal to the mean. Thus if C D = I

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

(Sokaì and Rohlf, 1969,, p. 259). For this reason some. of the frequencies

have been lumped as no expected frequency shouìd be less than 5 for the

Chi-square test. As there are 3 classes of frequencies the degrees of

freedom are maximally )-1 = 2. However- as the Poisson mean was estimated

from the sampìe mean another degree of freedom must be removed, Ieaving l.

It can be seen that, although the coefficient of dispersion is near 1

,, (1.288), the Chi-square tests leads to rejection of the nuìl hypothesis that

.r the observed f requencies of ?? lp. hgdrosaut'i on T4 rlugosus follow a Poisson

distribution (p..005). Thus it seems that g? of this tick are not randomly

distributed among I izards in nature, but are clumped. Similar anaìyses are

performed below for other stages of Ap. hydtosauri'
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Table \

Ap. hydnosautr¿ 8î infestins 377 sleepy Iizards, T?. rugosns.

Ho. of 8f 0bserved
f requenc i es

Po i sson
expected
f requenc i es

E

Deviation
f rom
expecta t i on

0-E0

0
1

2

3
4

5
6

7
I
9

10
l1
12
13
14
15
16
21

4l
90
72
50
33
2l+

16
14
18
I
2
2
1

1

2
1

1

1

15.9 +

:

;

4

7
1

5
1

2
0

)
)
)
)
)
)
)
)
)

)
)
)
)
)
)
)
)
)

50
79
84
66
t+z

22
l0

37 6.1 +

Tota I 377 377.0

a -- 3.165 sz = 8.lge c D = 2.779

x? = 269.8 (x2 .00517¡ = 20.28)

It can be seen that clumping occurs in 8î4. hgdrosavrrí.
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Table 5

Ap. Lrydrosawí NN infesting 3\6 sleepy I izards, b- Yugosus.

No;rof
'fN

0bserved
freguenc i es

0

Po i sson
expected
f requenc i es

E

Deviation from
expectat ion

0:E

+4
6

5
7
5

66
09

9o
\9
20

95
48
40
14

9
7
I
6

5
2
1

2

3
2
I
1

2

10
1

2

3
I+

5
6

7
I
9

10
l1
12
13
14
18
28

+9.3

)
)
)
)
)
)
)
)
)
)
)
)

4o

)
)
)
)
)
)
)
)
)
)
)
)

Tota I 3\6 346.o

g 1.65 s2 1 r .504 C D = 6.972

4zS.z (x2.oo5(6) = 18.55)

Simiìarlyrobserved frequencies of NN of Áp. h.ydrosaurzl do not fit a

Poisson distribution.

xa

x I
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Tabì e 6

Ap. hyfurcsauri LL infesting 358 sleepy I izards, TY. tugosus.

No. of LL 0bse rved
f req uenc i es

Po i sson
expected
f req uenc î es

E

Deviation
from
expec ta t i on .

0-E0

0
I

11

21

31
41

51
81

91
111
161
231

-10
-20
-30
-40
-50
-60
-90
-100
-120
-170
-2t+0

228
80
17
10

5
5
7
1

1

I
2
1

0.3
319.2
38.4

+

)
)
)
)
)
)
)

)
)

33

)
)
)
)
)
)
)

)
)

0.1 +

Tota I 358 358. 0

ø = 7.123

x2 - huge

s2 = \76.886

P - very low

CD 66.950

0f all the stages of Ap. hydrosauni..the LL seem most strongly clumped.

This would be expected ¡f tL remained together after hatching while awaiting

hos ts .

The same analysis was performed on Amb. Línbatltn infesting sleepy

I i zards, see below.
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Tabl e 7

Anb Línbatwn qq infestins 352 sleepy lizards, Tr. Tugosus.lr
a

No'. of
19

0bserved
frequenc i es

Poisson
expected
frequencies

E

Deviation
f rom
expectat i on

0:E

+9.6
3.6

21

10
227
97
20

5
I
2

0
1

2

3
4

5

28.828

)
)
)

)

)
)
)
)

Tota I 352 352.0

s2 = 0.597 C D = 1.264

(x'.05 (1) = 3.84)

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

frequencies fol low a Poisson distribution.

Tabl e 8

Anb. Línbatun 84 ¡nf.rtins 3\7 sleepy I izards , Tr. Í'ugosus.

A = o.\72

x2 = 0.692

No. of
ße

0bserved
frequenci es

0

Po i sson
expected
f req uenc i es

E

Deviation
f rom
expecta t i on

0-E

0
I
2

3
4

5
6

7
I
9

10
11

16

48
110

3\.2
79.2
91.8
70.9
41.1
19 .0

+

:

;

72
37
34
1g

8
I
6
1

2
1

'l

29 10.8 +

Tota I 3\7 3\7.0

u 2.317 sz = \.64\ C D = 2-004

x? = 73.s (x2.oos(s) = 16.15)
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ne 4ê ¿nb. Linbatwn show clumping. The nature of the departures from

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

Table 9 .

Anb. Línbattm NN infesting 362 sleepy I izards, Ir. rugosus.

No-'of
NN

0bserved
f requenc i es

Po i sson
expected
f requenc i es

E

Deviation
f rom
expectat i on

0-E0

+7
I
7
1

4

)
)
)
)
)
) s.t
)
)
)
)
)

9
7)
7)
l)
1)
3)
1)21
3)t)
1)
l)
1)
t)

88.
12\.
87.
41 .

14.

0
1

z
3
4

5
6

7
8

ll
13
22
28
29
t+z

91

228
7t+
23

+

Tota I 362 362.0

a

xî

1.\06 o2 35.622

362.6 (x2 . oo5 (4) = '14.86)

fhe tunb. Linbatwn NN aìso exhibit clumping.

CD 25.3356
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Table 10

Línbatwn LL infesting 367 sleePY

gbserved Poi sson
frequencies exPected

frequenci es

OE

lizards, Tr. rryosus.

Devi at i on
f rom
expectat i on

0-E

Noí.' of
LL

0
1-10
11-20
21-30
31-40
51-60
71-80
100

323
32

2
I
I
1

1

6

r8.
348.

3
6

)

)
)
)
)
)

+

)

)
)
)
)
)

0 1

12 +

Tota I 367 367.0

A=2.997 s2=258.808 CD=86.150

X2 = huge P = very smal I

The LL of A¡nb. Limbatwn show marked clumping'

Apart fron oo Amb. Linbatun,'all stages of both species show clumping.

The nature of the clumping is consistent in that the numbers of I'izards 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 w¡th ticks were

more attract¡ve to addition'al ticks of if some I izards were either gcod or

poor hosts for ticks.

The observed infestation patterns could be produced in other waYsrhowever
/'

Differences in infestation rates between areas wi thin the sampled area.or

dif ferences in infestation rates at dif ferent times of the period sampìed.are

such possibi I ities. Bull (lgZg ¡) has since examined these matters carefully
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in a population of Ap. hydrosaw"L near Tickera on Yorke Peninsula. He

found that adult d and g ticks showed geographical heterogeneity in their

distribution patterns and that this can account for the observed non-random

distribution of tâ "n lizards. The gg infested their hosts at random.

The LL and NN both showed non-random distri buti on patterns. These patterns

changed both with t¡me and locality but even when these sources of

variability were removed the analyses showed that the patterns retained

a non-random (clumped) character.

Bull (tgZA ¡) presents supporting evidence for his earlier hypothesis

(gull 1969), rhat ticks are cìumped and that lizards are likely to be

infested heavily or not at all. He cites unpublished data on tick aggre-

gating behaviour (see 3.3414) and the behaviour of lizards to support this

model. He suggests that Iizards (fr. rtlgosus) 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 donrt venture from them. g ticks lay their eggs in the

refuge in which they detach and the resulting LL remain in an aggregation

until a ìizard 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 al I infest â particular host together. ln

3.3\14 ¡etow further evidence is presented to show that unattached ticks

do aggregate.

3.33 Tick Populations in Field Enclosures.

ln 3.31 data on the seasonaì dynamics of the ticks were presented.

These data were obtained by sampìing hosts at various times throughout the

year and counting the ticks attached to them. This method is only partly
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sat¡sfactory because the hosts are very difficult to find in autumn, winter

and late surlmer. Thus samples of hosts (and ticks) were of ten too smal I 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

(..9., Clifford et al., 1976, Macleod et al., 1977, Patrick and Hair.1977 and

Randolph,1975).

ln order to obseîve 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.interspecific

competitive interactions. This latter aspect of the enclosure studies is

discussed in detai I in Chapter 6.

Enclosures were constructed near Pt. Gawler (4Otm north of Adelaide) on

a property named Buckland Park. The site was selected for its isolation from

interference and because t¡cks (i.e. np. hyfuosaut'i) and their hosts were

known to I ive there.

The area selected was 100 nretres inland from the edge of the coastal

saìt-marsh. The substrate was a shallow layer of soil over deep shellgrit

on which grev,/ a low scrub dominated by OLearia aniLLæis and Aeacia LiguLata.

Rabbits and cattle grazed in the same paddock.

Two enclosures were built during September 1970 and th,o more were

erected in January 1972. Each enclosure l^/as constructed from sheets of flat

galvanized iron 60cm wide. The ends of the str¡ps were riveted together to

form a circular enclosure 10m in circumference. The bottom edge of the

iron was buried l5cm under the soil surface leaving a wall 45cm high. The

st ructure vlas secured by s ta r p i ckets .

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 sumrner and checked to see ¡f
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they became infested. ln each case it proved'an

Six simi lar enclosures were constructed in

These are described in Chapter 6.

unnecessa ry precaut i on.

the Mt. Mary study area.

3.331 Apon omma hvdrosauri.

Enclosure I was chosen to house a population of Ap. hydtosatn'i.

Four lizards (fo. rugosus) that had lived in the encìosure since the

previous September were infested with LL on the l5th and 29th March 1971.

The methods used to breed ticks in the laboratory,,and of infesting lizards

are described in appendix 2. Each lizard received 400 LL. Approximately

half.l had hatched f rom eggs laid in the laboratory by. a g col lected at Pt-

gawier and half from a g captured at the suburb of Tea Tree Gulìy about

l6km north east of Adelaide. The eggs had hatched during late December

1970. The LL were kept in the dark at 25oC., 852 n f unt¡l used in March.

The infested lizards were placed in enclosure I on 30.3.1971. The

enclosure r^ras visited each week and the number of ticks on each host and

their condition noted. lt 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

sumrner. During winter when the I izards became inactive the weekly food

provis ion was suspended.

The LL quickly engorged, detached and rnoulted in the enclosures. The

f i rst NN on I izards 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 I izards during winter and detached during spring. The NN numbers

increased rapidly during the coìd 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 n'umber 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. Ltydrosaw,i LL placed on

4 sleepy lizards, T?. Tugosus, in enclosure 1, at Buckìand

Park, Pt. Gawler. The data presented are weekly counts of

the total numbers of ticks of each .stage, LL,.NN, E&or 92,

attached to the lizards. The months are shown on the

bottom of the figure.

Also shown are rainfal I and temperature graphs for

that period. The temperature (oC) are ten-day average
.lr

maxima , from the Bureau of Meteorology at Adelaide. The

rainfal I (mm) is that recorded for. Two l,lel ls, the nearest

town 1Okm NE. The points plotted each show the total

amount of rain that fell in a ten-day period.

ì - marks the date on which the infested I izards

were placed in the enclosure.
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those ticks are neh, 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. lt 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 I izards. This appl ies

particularly to the November section where many NN were engorging and detach-

ing. The November peak in numbers is surprising. One would expect the

curve to keep dropping with increasing r."OiOity from the end of October.

Presumably a second wave of NN attached to the ticks at that tinre - enough,

in fact to more than replace those engorging and detaching.

Adult ticks appeared late in Novemb"r, 33 first, and three weeks later

the gg. Thus only eight months eìapsed between the infestation of the hosts

with LL and the adults attaching to lizards! There were always mot" ódon

lizards than gg. This was mostly due to the g ticks engorging and detaching

while fewer Jd ¿etache¿. Figure 2l shows the cumulative totals of I and 9

ticks attach ing and detach ing from the I izards. T¡ cks were marked wi th

finger-nail polish and thus new arrivals on lizards could be recognized.

During theninemonth period \\ 6é and 2! ?9 attached to the lizards. 25 ¿ó

and 19 ?g left the hosts during that time. The dticks seemed also to invade

the hosts earlier than the gg.

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 P.og"ny 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 ód and 2 99. 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. hydrosaurz attached to sleepy lizards, Tr,. r,ugostLs,

în enclosure 'l at Buckland Park, Pt Gawler. The I îne

label led Total NN represents the total number of

engorged and unengorged NN attached. The second-l ine

represents the numbers of engorged NN. The space

between the two thus shows the number of unengorged NN

attacheC to the I izards.
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Figure 21 . Cumulative totals of Ap. Lrycfuosauri ddand ço

attaching (+) and detaching (-) from sleepy lizards,Tt'. Ttrc¡ostrs,

in enclosure 1 at Buckland Park, Pt Gawler.



66

+

20

?ç

10

o

'!o

30

?Q
+

J
o DJ A

1972



\9.

local I izards, probably carrying ti cks, 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 unt¡l spring. NN may attach in autumn, and

sorrìe in spring; but those on lizards during winter fail to engorge unt¡l

spring with a peak early in summer. ln sumrlìer-, detached NN can quickly

nroult to give adults. Some of the 99 can mate, engorge and detach that
l' 

¡

sarïìe summer. The data also suggest that newly hatched tL are not detected.

until the next spring.. This ìast observat¡on agrees with data in 3.j12 on

seasonal activity of Ap. hydrosauri.

. The suggestion from these results is that thç whole life cycle was

turning once in 18 months. lt 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 encìosure r/,,ould have ê 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 aìso 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 ci rcumstance, a consequence

of there being no laboratofy stocks of the ticks or field caught ticks

available at more suitable t¡mes, ffiâY 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. hydrosautiplaced in ¡t. ln this

case however the enclosure was divided into halves with 2 lizards in each,

and Amb. Limbatun were put in with the áp. hydtosauri. This was one of a

series of experimentb to see if the ticks interacted in the field. That

aspect of the experiment wi I I be discussed in Chapter 6, but sorlìe asPects of

the data are of use in exploring the seasonal'ractivityil of the tick.



50.

Two Iizards (fr. rugosus), each infected with 200 LL of Ap. hydrosaut"L

and 200 LL of Amb. Línbatwn, were placed in half of enclosure 4 - i.e. 4a.

Two other Tr. rugosus were pìaced in enclosure 4b, one infected with 400 np.

hydrosautz,i LL. The methods used were the sarle as for enclosure l. The

Ap. hydrosauz,i LL were progeny of a tick col lected near the I izard

enclosures at Pt. Gawler on 18.1.72.

As was the case in enclosure l, the LL quickly engorged and nost

detached by mid-May. NN began attaching in the same month, the first being

detected on the 4th of May. NN d¡d not begin to engorge u.ntil July and

August wi th most urai ti ng unti I November. Adul ts were fi rst detected late

i n Novemb er 1972

These changes are sunrnarized 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 repìaced. The striking development took place in

enclosure 4a. There, larvae apPeared on 15.3.JJ, over 100 of them on a

lizard. This rneans that the ticks had completed their life-cycle in 12

months! Again it must be emphasized that these ticks had a much greater

chance of encountering a host than ticks in the wi ld.

Enclosure 4b showed similar development to 4a at first. But ?? took

longer to appear and no neì^/ LL were seen. Al I 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 ,4p. hydtosaw"L and Amb. Limbatwn. Coìonies of .4p. hydrosaw"L were

put into tv,/o enclosures. and mixed populations of the two species into two

others. The nature of the experiments and the results are discussed in

detai I in Chapter 6. However the following points are pertinent here. The

I izards (f2,. z,ugosus) in the e'nclosures \^/ere infested with LL and NN. ln

one enclosure the coìony died out after a few adults appeared. ln the other

enclosures there was evidence that adult t¡cks mated, and gg engorged and
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F i gure 22. Deùe I opmen \-"f Ap. hydrosataí

populations in two separated halves of enclosure 4

at Buckland Park, Pt, Gawler. 400 LL of Ap. hyd.rosauri

and 400 LL of Antb. Limbatun 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 ç\

and disappearance\ of the stages (tL,

each half of .n" in"losure.

t'tn, d4 99) in
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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.

Bul I and Sharrad (lglg) report these experirnents and some perforrned by

Michael Buì I at Fl inders Universi ty (see Appendix 5). Both sets of

observations confirm the view that all activity stops during the cooler

nronths (Apri l-September); but for the rest of the year there were regular

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

3.332 Amb I y'omma al bol imbatum,

These ticks were placed in enclosure 2 at Pt.Gawìer under identical

conditions and at the same time as the Ap. hydrosaw"L ,in enclosure 1. Each

of the 4 l¡zards was infested w¡th 4OO LL from 2 99 ticks (Zgg trom each)

captured near Arno Bay on Eyre Peninsula. They had laid their eggs in the

laboratory during 0ctober 1970.

Figure 23 shows the results of the weekly counts of tick numbers on the

I izards. The LL quickly engorged, detached and nroulted. The NN began

attach¡ng to lizards at the same time as the other species in enclosure l.

Some LL persisted on ìizards 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 smaìler graph shows

that numbers dropped rapidly during November and December' Adults appeared

early in January, some of the 99 engorged and detached but no new LL appeared'

This enclosure suffered the same fate as enclosure l'

These ticks peiformed simi larly to the Ap. hydt'osauz'i. However'the

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



Figure 23. The development of Anb. aLboLimbatwn LL

placed on 4 sleepy I izards, Tr. nugosus, 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 (tt, NN, ê{, gù in the enclosure. The

months are shown at the bottom of the figure. The time

during which engorge{ NN were found on I izards is

indicated at the top of the figure.

rf, - shows the date on wh¡ch 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. lt m¡ght be expected that Amb. alboLímbattnn, which lives in

warmer, drier areas than Ap. hydtosatni on Eyre Peninsula, might have its

rate of development more retarded by cold weather.

3.333 Amb. limbatum

Amb. Límbatwn LL attached to sleepy lizards were put in enclosures 3

and 4. Again the same methods were used here as those described above.

ln enclosure 3 on 31.1.72 three I izards were reìeased,each infested

w¡th 400 LL,. The LL \^/ere progeny of a single g col lected 15km N of Mt.

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

It took less than six weeks for LL to engorge, detach and moult and

for the NN to attach and begin engorging. Again ¡t is evident that the

cold weather stops attached NN from engorging. But in this case sorne adults,

from the fiist moulting NN, attached by 20.\.72. This is only seven weeks

after the LL attached! lt should be noted that this enclosure was occupied

t\^/o months earl ier than enclosures I and 2 had been the year before.

During September NN began engorging again - later than the /p.

hydrosauni NN in enclosure 4, see figure 22. The number of adults infesting

lizards began to increase again in August (particularly tfr" JÓ. These can

not have come from the second group of engorging NN. lt seems that the cold

weather may have also delayed moulting in NN that engorged during the

aut umn .

Ihe Atnb. Línbatun apparently develop very quickly off and on hosts

during \n/arm pèriods but are slowed more than,4p. hyd.r,osauri during cold

wea the r.

Enclosure 3 .resul ts ceasè after November as a strange mortal i I lness

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



Figure 24. The development of Atnb. Limbatwn LL

placed on 3 s leepy lizards, In. tryosus, in enclosure

J at Buckland Park, Pt.Gawler. The figure is constructed

from weekly counts of the total numbers of attached ticks

of each state (ut, HH, dd, ç?) in the enclosure. The

months of the year are shown at the bottom of the

figure. The times during which NN were found on lizards

are indicated at the top of the figure.

I - shows the date on which the attached LL

urere placed in the enclosure.
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quickìy. This situation was unique to enclosure J.

Other hnb. Lìnbatwn LL were put into enclosure 4 with ,4p. hydtosauri LL,

see 3.331 above. They were Placed in the, enclosure on 22.3.72. VJhen

activity had slowed in encldsure 3 no Anb. Linbatwn NN or adul ts appeared

in one half of the enclosure (4a). NN attached in 4b,three weeks later

than,4p. hydrosauæi NN but none engorged. lt is impossible to say if this

failure was due to cold weather or interaction with Ap. hydtosaurzl or sorne

other unknown factor.

It seems that funb. 
.Linbatwn, 

which occurs in drier, warmer areas than at

Pt.Gawler, and Anb. aLboLímbatun, are both ilowed in development to a greater

extent than is Ap. hydtosauri during cold perîods. Another interesting outcorne

of these encìosure 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 animaìs, and is not as evident in

mammal ian or avian ticks (Arthur, 1962)

3.3\ Ti ck development and behaviour.

3.341 Tick development and behaviour off the host.

It has been shown above that the ticks live ¡n two completely different

environrnents during their life-cycles, off the host and attached to the host.

l.Jhen detached, the engorged ticks have to lay eggs, or moult and resist

potential dangers of the Lnvironment. The newly moulted or hatched tick has

the task of finding a host and invading it. ln this section.information

gleaned on the behaviour of the ticks whÌle 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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estabìished. The methods used in keeping these stocks are described in

append ix 2. The information contained in this section was gained largely

f rom the use of such stocks . An1b. aLboLinbatun laboratory stocks were

derived from g ticks caught in the Arno Bay - Cleve area. Anb. Limbatwn

stocks were suppìied from ticks captured in the Ht.Mary study area. Ap.

hydtosautri were taken f rom Mt, Mary, f rom Pt. Gawler and Goolwa.

3.3\11 The microhabitat of ticks off the host.

ln a general discussion of seasonal ractivityrabov.e (¡.¡t) it was shown

that in other tick species the nature of the microhabitat occupied by ticks

while off the host is cruciaì. lt is during this period that ticks sre

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 crîtical. An engorged tick ready to detach could find such a site by

detaching from the host in a suitabìe spot. This often'involves timing the

detachment to a part ¡ cular peri od of the hostsr d i urnal rhythms. For

example, Kheisin and Lavrenenko (tg¡6) found that f. tieínus engorged 99

detached from cattle in pastures rather than in the cattle sheds into which

cattle v,,ere driven at night. lf the cattle were driven to Pasture at night

and into sheds during the day the _ticks would st¡ll detach in the pasture.

It appeared that the ticks responded to the diurnal activity ihythm of the

hosts; and by doing so ensured that they fell into the most suitable micro-

habi tats for egg-laying. Some ticks detach when thei r hosts are inactÌve

in their burro\^,, e.g. r. heæagonus f rom hedgehogs (Arthur 1962) .

, The timing of detachment is important to engorged ticks because they

are unable to move ver.y far. This appì ies particularly to engorged 9 tÎcks

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 the i r pos i t i on, perhaps push i ng 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 I izards and a ìarge tick population. He

sieved soil from in and near lizard shelter sites but failed to find any sign

of the parasites. ln the present study three techniques were used in an

attempt to find ticks off the host. ln each case the material collected was

leaf litter and soiì 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 three methods used in an attempt to find ticks or eggs in the field

were sieving, fìotation extraction and funnel extracti,on. S¡eving was

carried out using a series of fine soil sieves. The flotation extraction

technique invoìved placing coarsely sieved I itter sampìes in water and

another nonmiscable, I iquid'with a specif ic gravity less than that of water,

e.g. benzene. The mixture was agi tated and then al lowed 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 (fg¡S). 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 faìl into the funnel. The apparatus and technique were based

on that of Murphy (lgS8).

The only success in finding ticks by using these techniques was with

samples from enclosures at Pt.Gawler. 0n 8.6.71 four samples were taken from

enclosures 1 and Z (r..3.33 above), which contained respectively popuìations

of Ap. hydtosatni and Amb. aLboLinbatwn. Soil and ìeaf I itter samples, 12cm

in circumference and 1Ocm deep were taken from the bottom of known lizard

refuges in each enclosure and from areas ãround these sites. The flotation

method described above-yielded 2 engorged LL of Antb. aLboLinbatwn from a
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lizard refuge in enclosure 2 and 1 unengorged N of Ap. hydrosauri from a

s imi lar s ¡te in enclosure l. The ticks were al I partly buried in loose soi I

and leaf litter within llcm 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 encìosures they were not tried in the

Mt. Mary enclosures (see 6.30) .

Soil samples (50 of them) were coìlected in the Mt.Mary study area

from 4 sites on 21.11.71. These were cylÌnders (lZcm x 10cm) of soil and

leaf litter from, in the main, beneath bluebushes (Koehia sedifoLiò in ìikely

lizard refuges. Sieving and flotation (see above) failed to reveaì any ticks.

These attempts were discontinued as they were an unprof¡table use of 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 gg of all three species could be obtained,from su¡tably 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 rareìy were they found

elsewhere. This observat¡on suggested that, if given the opportunity,

engorged ticks would crawl beneath objects in lizard refuges or into crevices.

ln an attempt to observe microhabitat selection in engorged and in unfed

ticks three types of apparatus were constructed. ln each case 500m1 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 filìed, to a depth of 6cm, with

2cm diam. f i lter paper. Groups of engorged and unfed LL and NN of ,4p.

hyd-r,osatu.i and Anb. Línbatun were observed in each of these circumstances.

At 25-2goC and in constant light,groups of 30 ticks of each category were

observed 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 loose litter or

filter paper after a l-2 hour period of wandering. They did not burrow into

the sand. ln filter paper tiers it was observed that the LL often sought

the underside of objects and remained clingìng 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 rTìore. 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

r'i i

species often clump"together at the top of the vial under the l¡d. ln order

to see if the ticks might climb when off the host, art¡ficial plant stems

were made. These were glass rods 6mm, 5mm and 2mm in diameter and were

pushed through a cardboard base to give rstems' l4cm, 7cm and 5cm taì1. LL

and NN of Ap. hgdtosauri and Amb. Limbatwn weré each observed on this

art¡ficial surface for 3 hours. The ticks tended to rnove in an apparently

aimless fashion on the cardboard and f r.om tinre to time encountered the rstemsr.

Some ticks climbed the glass rods but most pushed their bodies into the tiny

crevice between the base of the rod and the cardboard. Ap. hydtosauni did

not cease to move while on the rods and always climbed down. A few Arnb.

Linbatun LL and NN remained motionless l-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. hyfuosatníLL cl imb down the gap between blue bush

(Kochia sedifoLia) stems and the surrounding soil. Anb. Lí;nbatwn 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.

'ln summary then the information presented here, the literature on other

ticks, information on detachnrent in 3.354 and data in 3.12 s'uggest that an"=.

ticks choose moulting microhabitats and probably await hosts in crevices and
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the shelter or burrow used by

unfed ticks wi thin the hostsl

their host. ln 3.1414 below

refuge and attachment are

\12 E P roduct i on and hatch i n

lxodid ticks lay their eggs in one large batch unlike argasid ticks

where g? may have several blood nreal s and lay several batches (Rrth ur 1962) .

The number of egg.s ìaid'by a single ixodid female varies greatly depending

upon the size of the blood meaì imbibed and -the species of tick. Arthur

(lg0Z) reports a range among.various species from 1 to 22; 891 eggs, the

ìast figure achievêd by AnbLyonma nuttaLLí.

The preoviposition period of the ticks also varies. Hitchcock (lgSf)

demonstrated that, in BoophíLus micropLus, temperature influenced the duration

of this period. High temperatures resulted in very short preoviposition

periods of as little as 2 days. Snow (tg6g) reported a similar effect in

HyaLcmma cnatoliein. . The duration-'of egglaying and hatching times of eggs

are simi larly influenced by temperatures. ln fact it seems that temperature,

rather than relative humidity, has a dominant influence on these develop-

mental processes in ticks, ê.9. see Ixodes heæagonus (Arthur, 1951) and

Dermacentor uoviabilis (sm¡tn et al 1946).

Some engorged og are aìso influenced by photoperiod. Doube (1975)

showed that g? of the kangaroo tick, )rníthodoros gur,lrcyi, entered a reproduc-

tive diapause on being exposed to short photoperiods (..S. 16 hc¡urs dark,

8 hours light). There is'no evidence of diapause in Ap. hydrosaur,¿ or the two

AmbLyonnna spp-although f rom time to tirne there Ì^,ere inexpl icable delays in

deve I oprnen t of some t i cks I

Methods used in weighing ticks and counting eggs are.outlined in

appendix 2.
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of engorgud g?, the numbers of eggs they l"y,

sumrnarized below in table ll.

Tabìe ll.

Egg production in the three ticks under constênt conditions.

are for temperatures between 20oC and 3OoC at 852 nH. Means

standard errors of rneans (S g) are calculated from data on N

25-26oC, 85% RH.

Ranges shown

(Ð and

t icks at

Ap. hgdrosaw"L Anb. Limbatwn Arnb. aLboLintbatwn

I^le i gh ts of

iil;;in'o ??

Range
X

SE

N

P reov POS t on
times (days)

Range
x

SE
,N

N umbe r
laid

eggs

Range
X

SE

N

989 - 2496
16\7

115
l4

1522 - 5023
2785

790
5

3018 - 4515
3852

160

9

7-12
8.2
0.6
9

The table indicates that engorged Ap. ?tydrosaw"L e$ are simi lar in

weight to the ArnbLyonrnas 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. ln each case the rate of egg laying

rapidly increased to reach a peak within a week. " lt then drops away and

for a period the tick lays small numbers daily.

lncreased ambient temperature seems to decrease the time taken for 99

to lay their eggs. This is unusual of ticks (nrthur 1962, Hitchcock.l!!!

and Snow 1969). lt is also evident that the number of. eggs laid by a g is

367 - 716
577
22.8
l8

206 - 7\6
537
94'I

5

7- 38
26.6
2.7

13

6
1

6

3 il
.17
.l



Figure 25. The pattern of egg laying in selected 99 of

Ap. hydrosauti, Arnb. aLboLimbatun and Antb. Linbatwn.

The number of eggs laid per day is grouped against time,

in days, for 2gg from each species. All had been kept

at 85'Á RH and in the dark.

The graphs are:-

l. Amb. f.imbahnn g (1414/12) kept at a constant temperature
of 30oc.

2

3

4

5

1.ímbatwn a (Ml5/121 kept at a constant temperatureoc.

Anb. alboLimbat* g (gft) kept at a constant temperature
of 27oc

An1b. alboLínbat^ ? (Htgfg) kept at a constant temperature
of 27oc.

Ap. hud.rosauri g (Sf I l) kept at a constant temperature
or 3oÞc

Ap. hudrosau.xZ g (ef t) kept at a constant temperature
or zToc

Anb.
of 30

6
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positively correlated with her weight, see table 12 below. Simi lar results

have been shown in other species, e.g. Dermacentor uaz"isbiLis (Drummond

et al., 1971).

l.le i gh ts on detachmen t

hydtoaaur"L wh i ch detached

near Miìlicent, S.A.

Table 12

(*gr) and number of eggs laid by 7 ?? np.

in the laboratory f rom two ?r. r'ugosus col lected

Lizard.

Weight
Eg gs

I

367
989

2

\12
1522

537
1616

552
1587

581
2222

585
2156

7

684
2t+96

P<0 .0 1

3 4 5 6

Correìation coefficient R + 0.915,

The eggs once laid stick to each other and to the substrate. They have

each been coated with a waxy substance produced by the gg from Genets organ.

This coating"no doubt assists the eggs to avoid desiccation (Lees and

Beament 1948). I.Jithin a few days developing tick embryos are visible in

the t i ny (0. I 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 (fg¡t , 1962), Randolph (1975). However HacLeod (1935)

showed that f.. rLcinus eggs do not complete development below 8O% RHI

Arthur (lgSt) suggested a similar, critical value for f. heæagonus.

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 humiá¡a¡.r.and that there may be variation between

rl're species of the typq shown by Bul I and Smyth (lgll) when examining the

water balance of the three ticks.

Búll (1969) attempted to discover the effects of temperature and
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humidity on the incubation period of Ap. hydtosau?i. He pìaced lots of

lO0 eggs at 5 temperatures (36,30, 25,20, t5oC) and at 5 humidities

(lOO, 15, 55, 36, 0% RH). At 36oC no ticks hatched at any humidity'while

at 0"Á RH similar results were obtained at al I temperatures. 0f 5 batches

of eggs kept at 55?4 or 362 RH onìy one hatched (at 30oC). The eggs at 1oo'/.

and 757" RH hatched at alì temperatures, except 36oC, but took about 50 days

at 20oC and more than 5 months at 15oC'

I made some observations on þnb. Limbatun and found that eggs of this

tick will not hatch at 0% RH.

Data on incubation times for tick eggs are presented in table 13'

These are unpubl ished data from Dr. Smyth'

Table 13

lncubation periods for eggs from single females of Ap. hydt'osaln'i' Atnb'

aLboLímbattrn and Anb. Linbatwn kept at 25oC, in the dark at 85% RH.

The gg ticks carne res.pectively from Arno Bay, Cleve area and Whyalla' The

range of times (¿ays), means (Ð standard errors of the means (Sf¡ and

the numbers recorded (H) are shown'

x
SE

N

It can be

mi dway between

hydrosauni

35-38
36.52
0 .06
151

Anb. aLboLi¡nbatun

35-39
37 -18

0 .02
576

Anb. Limbatwn

31-37
3'+.42
0.11

76

Ap.

seen that .Ap. hydrosaut'i has an incubation period, at 25oC,

the trl/o AnbLyormnas . At h ¡ the r tempe ratu res these incubat ion

times decreased . þr1b. Limbatttn LL have been seen to be hatched in less

than 1! days at 32-34oc, 85% RH

genRa
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41 Moultin

Three-host t¡cks moult twice;LL I NN and NN +adults. ln this section

data are presented on the time taken for the three ticks to moult after

detaching f rom hosts, i.e. the pre-moul t periods. The data l^,ere gathered

by collecting detached and engorged LL and NN each day from sleepy lizards.,

Tr. rugosus, placing the ticks in viaìs (See appensix 2) which were deposited

in desiccators and temþerature cabinets. The time taken to moult was

determined by examining the contents of the vials each day.

Figure 26 shows selected èxamples of the distribution of pre-moult

periods of LL of the three species. Each graph represents an infestation

by progeny of a single g of a single host lizard. The engorged LL were kept

at Z5oC, in the dark at 852 nH. The figure suggests thatAnb. Linbatwn'LL

moult more quickly than either of the other species. Aìso 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 val id.

The graphs of NN pre-moult t¡mes are similar to those shown for LL,

aìthough 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-mouìt periodq

(in ¿ays) of LL of Ap. hydt,osauri,, Anb. aLboLimbatwn and Arnb.

Limbatum under constant conditions (Z7oC, dark, 85% RH).



No.

No.

Amb. albolimbatum

100 Amb. limbatum

50

No.

100 Ap. hydrosauri

5

Premoult Period

50

o

Days

10 15
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Table 14

Pre-moult times, in days, of LL and NN of Ap. hydtosatu'i, Anb.

aLboLinbatun andA¡nb. Línbatwn. The numbers counted (ru) tf'e ranges of times,

the means (Ð.,and standard errors of means (Sf ) are shown. Al I ticks were

kept at 25oc, in the dark, in 85% RH.

Ap. Ttydrosauri Anb. aLbolinbahnn Amb. Linbaknn

LLN
Range

x

\52
11 - 22

1\.72
0.09

315
1t+ - 2\

17 .0
0.08SE

281
7-16

10.2
0.06

NN

N

Range
X

215
18-28

21 .9
0.04

62
17-22

18 .9
0. 14

Not avai lable

SE

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

expected (Rrthur 1951, 1962, Cooney and Hays, 1972). Below, in table l5

are. presented some unpubl ished data of Dr. Smyth which i I lustrate this.

Table l5

The pre-moult periods in days at zooc, 25oC, 30oC (All at 85% RH, dark)

of LL of Ap. Vrydrosau.tí, Amb. aLboLìnbattm and Anb. Linbatwn, each from a

single batch of eggs and one host individual.

Ap. 30 c
82
12.65
0.17

10 - 20

N

Í
SE

n9e

N

x
SE

Ra

a
318

10.95
0.05

9-16Range

L
N

x
SE

Range

25"C
75
I 8.6r
0.29

15-27

20-c
108
31.03
0.22

26-38

309
16.97
0.08

1t+ - 2\

318
37.63
0.r6

23-\7

28
13.86
0.29

1r - l6

30
32

:

23

7o
3923

üÌn

turn

29
8.90
0.35

7-17
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A comparison of the values in the 25oC colr.rnnof table l5 with table l4

reveals intraspecific differences in pre-moult periods. Buì l, Sharrad and

smyth (tgll) examined the pre-rrþult period of one of the ticks, Ap.

Ttydrasauní. in order to discover the nature of this variability (the paper

is included below as append¡x 4). We found that the pre-moult periods of

LL and NN was not influenced by their engorgement weights or engorgernent

times. However, there b/ere differences in prelmoult times between ticks from

different individual hosts of the same species; perhaps this was due to

differences in levels of resistance arnong the hosts. There were also

differences observed between ticks f rom'dif ferent localities, 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 go were longer than for those

which moulted to 6d. lt was also shown (Bull, Sharrad and smyth 1977) that

Ap- hydrosaw"L LL moulted significantly faster if they had fed on Tr. ragosus

rather than on any of three other host species. Ty. rryosus is the most

common, rTrost heavily infested and most commonly infested host of Ap.

hyd.tosaur"L (see also 4 .Zz) .

The variations in pre-mcult periods described above do not appear to alter

the general relat ionship between the species in that Amb. Limbatwn moul ts more

quickly than Arnb. aLboLimbatwn which moults more quickly than,4p. hydzosaw"L

at moderate to high temperatures (25-3OoC). But at ìower temperatures lzOoC)

Ap. hydrosauz"L is first to mouìt. These observations help explain the differ-
ences observed between the species in the fieìd enclosures at Pt.Gawler (see

3.3Ð

Snow (tg6g) and Branagan (lglÐ have demonstrated that humidity seems

relatively unimportant in inf luencing moulting. This is I ikely to be the case

with these ticks. lndeed ticks left to n¡oult under conditions where humidity

\^,as not controlled appeared to moult in the time expected at that temperature.

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

t¡.t, in table l6
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Table 16

A comparison of pre-moult periods of other ticks which have been studied

with .4p. hydnosauri, Anb. aLboLinbatwn and Arnb. Linbatun. (+) means that

the tick, the name of which appears at the top of the column, moults faster

than the one ¡n that row. (-) rneans it moults more slowly. (0) means

that the times are about equal.

Spec i es Anb.
Línbatun

D er,¡nac er¿tov, u ari ab ¿Li s
(Arthu r 1962)

D. andez'soni (Arthu r 1962)

Haemaphy s alis Lep orí spaLus trís
(Arthu r 1962)'

HyaLonrna dromedatii
(fel¿man-Muhsam E Muhsam

H. øtatolieun (Snow, 1969)

1966)

H saoigny
I 948)

( Fe I dman -Muh sam,

+0

Iæodes heæagorus (Arthu r 1 951 )

Anb Ly ornna tub er culatwn
(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 mêmmals and generally moult faster.

3.3414 Th e 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 (Rr.thu r 1962). This is said to be due to the n"".rrity for the newly

exposed cuticle to be exposed to the.air for ã tifne before it hardens. The

time before t¡cks attach is generally from a few days to four weeks (¡n

AnbLyormna geomyd.ae, Nadchatran, 1960). ln the three species studied here

Ap.
hydrosauri

Anb.
aLboLimbatun

+

+

+

+
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this period seerls to be about one to two weeks at 25oC. lt seems to be

shorter in the AnbLgonrnas and ìonger in Ap. hydt'osauri.

The behavioural patterns of ticks off the host are adapted to prevent

death by exposure to extrernes of temperature or low hum¡d¡t¡es and to f ind-

ing hosts. The sheep tick f. rieínus was first to have an extensive ethogram

prepared. Lees (1g48) summarized the information for this animal. Arthur

(1962) discussed and reviewed the I i terature 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 I i9ht. Ticks

possess, in the first tarsus on the anterior pair of legs, an orgên caìled

Haller's organ (Lees, 1948). This organ contains humidity sensors and chemo

receptors (for odours), Also on ticks' legs are ìong sensory.bristles which

are both temperature and tacti le receptors Wool.y'(1972). lt is noticeable

that ticks wave their fore-legs when disturbed or when moving about. This is

called 'questing'. Some ticks have 'eyes'. Arnblyonvna spp do, but Ap.

hydrosawi does not. Douglas (tg43) reported that the eyes of DerTnaeentov'

and.ez,soni are suppl ied wi th nerves and can detect I ÎSht. Binnington (lglZ) also

reported functional photoreceptors in a var¡ety of ticks including eyeless ticks

The investigation of sense organs of ticks has recently been aided by

the deveìopment of scanning electron microscopY, ê.g. vJooley (1972).

ln general.r'unfed ticks seem to avoid prolonged exposure to low

humidities, although they might have to so expose themseìves from time to

time in order to find a host (Arthur 1962). The resPonse to humidity

changes is determîned by the physiologicaì states of some ticks. Lees

(1948) showed that if I. rieínus are pìaced in humidity choice chambers.

that they accumulate on the dry side for the first day but move to the other

side after day t. They also become less active as time goes by. Lees said

that there h,ere two reactions involved; the f irst was a taxis in which

ticks avoided moist air, and the second a kinesis in which they avoided

desiccation. sorne ticks also avoid very high humidities (".s.
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Orníthodoros erratieus, El Ziady, '1958). The two reactions, above, of

f. 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 humi d i ty (Arthur, 1962). Bul I ( 1969) showed that ,4p. hydtosauri LL are

more active at higher temperatures and relative humidities than at lower

ones. This seems also to be true of Amb. Límbatwn. The ticks, which tend to

clump while being stored in vials, also becorne active when they are (or a

few of the group are) stimulated mechanicaìly. Bull (1969) suggested that

this might be a most significant instigator of activity in these reptilian

ticks as in the case of the sand mart¡n flea (Humphries 1969).

The phenornenon of clumping is found in all three species and, when

considered with the observations on the non-random distribution of ticks on

repriles caught in the field (gult 1969,1978 b and 1.32 above), lend support

to the hypothesis that they are similarly aggregated in reptiìe refuges in

the field. There is now additional information on this matter. Petney and

Buìl (lglg) have presented convincing evidence that NN of Ap. hydrosauri and

Antb. Limbatwn produce a non-specific aggregation pheromone which attracts

either species. Bull (tgZ8) 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 în causing many ticks to attach to hosts. Lees (1g48) showed that

warm objects (¡Z"C) are attractive to sheep ticks. \.1¡lkinson (1953)

reported that LL of the cattle tick BoophiLus mieroplus are stimulated to

rquestr for a host partly by odours, air currents, vibration, interrupted

I ight, warmth and moi sture. High carbon dioxide concentrations near

marTrÌìalian hosts seem important in mammalian ticks (Garcia, 1962).

The effect of C0
2

on t¡cks was tested in two ways with mixed groups of
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Ap. hydz,osaurí and Anb. Linbatwn LL. ln the f irst case the ticks were

scattered randomly in a large tray containing a small block of'dry icel

(frozen CO2). This rapidly subl imed. The movements of the ticks were

recorded but no movement towards the C0, source was noted. The experiment

was repeated with simiìar resuìts. ln a second attempt COZ was allowed to

leak slowly from a hose attached to a cylinder at room temPerature ¡nto a

tray containing LL. Again no response was observed.

The ticks do, however, respond to vibrations, sudden changes in air

rrìoveÍìent and rnechanical disturbance, by questing. There is also a suggestion

that they are attracted to objects warrïìer thari ambient conditions. The rodourl

of the host may be important but C0, does not seem to be.

Although ticks may be activated by the stimuli listed'above ¡t is not

believed that they move far to infest a host. Trevor Petney (pers. comm.)

has been using radioactively labe'ì led ticks to explore aspects of their

behaviour in microhabitats off hosts at Mt Mary. He suggests that they are

unlikely to move 1 metre f,rom their crevice in order to attach to a host!

The attached LL, NN and gg become very firmly stuck to hosts. The

reptiìian ticks crawl under lizard scales, stick their mouthparts (which are

long compared with other ticks) through the hostrs skin and secrete a

fcernentr plug around them (Arthur 1962). 3l ¿o 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.

Vlhi le attached to a host,ticks experience a very different environment

from that when detached. There is for exampìe no longer danger. of

desiccation. The LL, NN and g? 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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\zt En or ernen t .

l,lhen ixodid t icks attach to hosts they engorge in two s tages (Arthur

1962). At first smalì amounts of host substances are imbibed and the tick's

weight only increases a little. During this stage ¡t 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. Usual ly the second .stage,.in which the

weight and volume of the tick.i.ncreases many tirnes, is shorter than the

f irst stage. Kitaoka and Yaj isma (tgSl) suggest that in BoophiLus e.andatus

engorgement" can be divided into three such stages by considering changes in

body ìength and weight.

The duration of engorgement may be prolonged by the physiological state

of the host. Carrick and Bullough (1940) showed that -f. ricinus took longer

to engorge if attached to hibernat¡ng hedgehogs rather than active ones.

The enclosure experiments reported in 3.33 show that engorgement of

repti I ian ticks may be greatly influenced by ambient temperature. The

ambient temperature also influenced the poiki lothermic hosts.

The duration of engorgement is rneasured from the time unfed ticks

attach to a host to the time it detaches. Arthur figeZ) in fact suggests

that ticks might time engorgenent so that it, and the subsequent detachment,

occur during a suitable phase in the hostrs activity Pattern.

The engorgement times of LL and NN are presented belov'r for.4p.

hydrosauni and Anb. Linþattan. The ticks were placed on sleepy lizards, Tr.

Tqosus, in the manner described in appendix 2. The I izards in their cages

(See appendix 2) were kept in a room with controlled light and temperature -

both being supplied by heat lamps attached to a time switch. The tempera-

tures varied from 18oC at night to 32oC during the day. The light:dark

cycle was 12 hours light to l2 hours dark. The detached ticks were
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collected each day from trays under the ìizards. The lizards were fed

every other daY.

Figure 2J gives the numbers of Ap. hydtosauri LL detaching from four

I izards under the above condit ions. Figure 28 shows s imi lar graphs f or Atnb'

Límbatwn t.t. lt is evident in both that some ticks detach, engorged,

after only 8 days and that numbers detaching become high unt¡l about day 15

when only a few remain. Another striking feature of the graphs is that

there is great variability between the dif ferent host individuals.'

obviously some hosts are better for the LL than others, as each received

the same number of ticks.

. ln figure 29 similar data are presented for NN of the two species. The

times taken for the ticks to engorge and detach are similar to those for the

LL.

Ap. hydrosatuzl tL weigh in the order of 0.1 to 0.2 mgm before engorge-

rnent. Engorged LL are much heavier, from 2.0 to 4 mgm, a tenfold increase.

Anb. aLboLimbatu)n LL are of similar weight while Anb. l;ínbatun are on

average slightly I ighter.

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

ln table 17 weights of NN of Ap. hydrosaur,¿ and Anb. Lìnbatwn are shown.

Table 17

1,Jeights in mgms of NN of Amb. Limbatwn and Ap. hydtosauri f ron a,number of

hosts (fr. z,ugosus). Val ues are shovrn for NN wh ich subsequently moul ted to

give oo and those which gave rise to gg 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 g.
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detach i ng,

I'UqOSUS.

ha tc hed

The cumul at ive da i ly numbers of Ap. hydr.osauz,i LL

engorged, from each of four sleepy lizards, Tz,.

Each I izard was infested w¡th 400 LL which had

in the laboratory from two egg batches layed by fíeld

causht gg. i,, 1 ..

The infested I izards were exposed to a 12t:tzi, day:night¡-

cycle and a daily temperature f.luctuation f rom 18 to 3ZoC.
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Figure 28. The cumulative daily numbers of Arnb. Li,mbatu)n LL

detaching, engorged, from each of four sleepy lizards, Tt'.

Tugosus. Each I izard was infested with 400 LL which had hatched

in the laboratory from eggs layed ¡y a ? caught at Mt Mary.

The infested lizards were exposed to a 12;,1 2, day:night,

cycle and a dai ly temperature fìuctuation from 18 to 3Z
oc. ('
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Figure 2!. The cumulative daily numbers of Ap. hgdnosaur.L and

Anb. linbatun NN detaching, engorged, from sleepy I izarcls,

Ir,. rugosus. Each lizard was infested with 80 NN which had

developed in the laboratory from eggs layed Ot ffi caught in the

field.

The infested I izards were exposed ro " t+rlli a"y:nigh

cycle and a dai ly temperature fluctuation from 18 to 32oC.

\.,>
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Figure 30. Frequency distributions of weights (mgm) of engorged

NN of ,4p. hgdrosauti, showing separate graphs for those NN

which subsequently moulted to & and those which moulted to ??.
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Anb. Lintbatun Ap. hydrosauri

S ex NN

I
X

SE

T
X
SE

u
x
SE

!_
I
SE

of óó
35
16.6
o.36

I
15.9
0.57

99
12

28.92
1 .03

4
26.97
2.28

&ó
28

16.6
0.48

12
28'36

1 .04

29
17 .t+6
0.33

33
1\.73
0.29

e9
30

27 .1
0.66

33
28.73

0 .70

3\
23.69
0.66

31
25.69
0.51

Host I

Hos t 2.

Host 3.

Host 4

6
4
0

3
4
1

1 .22
.79

.91

.61

5
27.17
2.86

12
15.73
0 .50

The weight of engorged, detached LL and NN (see table l7 above) varies

from host to host. lt aìso varies over the period of engorgement, i.e.,

ticks which derach first tend to be ìighter (an¿ dd) whiìe ticks which

detach later tend to be heavier (and 99) (Smyth, pers. comm.).

The ticks engorge faster at higher ambient temperatures (Smyth, pers

comm. ). And it seems that the )lrnblyonona spp are more .retarded by cold

conditions than ,4p, Trydrosauti (see 3 .33) .

The engorgement of gg has not been well documented. VJeights of engorged

??, however, b/ere presented in table ll (l.l\lz) above. The Jd ¿o not

engorge or attach as f irmly as the gg. 
,However 

they do imbibe some blood

probably, as Bulì (1969), suggests;'to provide energy for roaming in search

of aa. lt has been demonstrated in some ticks that mating is necessary
+-t

before ?g w¡ll engorgê, ê.g. Dermaeentor uarLabiLis (Pappas and 0liver 1971).

It is evident that gg may take along time to begin engorginSror may not

engorge at all. Nine liårds (rn. r'ugosus) were infested with dJ and go

Ap. hyd.r,osauri and Anb. Límbatwn (¡ I ¡zards per species) and regularly checked

for two months - on ly 1 ? np. hydtosaw,i engorged. 0n repeat ing th is

procedure 2 go* Anb. Limbatwn engorged in 2 months. However on other

occasions g áp. hydrosauri have engorged and detached in 25 days.
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\22 Mat i n

It was noted early in the present study that mating occurs on the host

in these ticks. á and 9 ticks were observed copulating on field caught I

I izards and in some cases g? ì^,ere found with s igns of spermatophores at their

genital openings. However Michaeì Smyth (pers. comm.) reported seeing what

appeared to be copulation between a d and unengorged ? Ap. hydtosau^r'í off

the host.

ln Chapter 6 I detail experiments in which attempts were made to have

the th ree species mate in the I aboratory. These met \^/i th I i tt le success .

However our knowìedge of the mating behaviour of the ticks has been greatly

expanded recentìy 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 Michäeì Smyth (pers. comm.) and Michael.Bul ì (pers. comm.)

and my observations that g? ticks do not move much on the host wher."s ód do.

The dd may move about considerably at night, particularly early in the dark

phase, and have been observed mating with or attaching to the host near 9ç

(Andrews pers. comm.). Mating has often been observed in ticks off the host.

ln sone ticks the gg release pheromones which attract ál to them (Burger,

Dukes and Chow 1971). There is some evidence that g? of these ticks also

release pheromones of this type. There is no evidence that 99 actively seek

out mates themselves - unlike Anb. macuLatwn on cattle whet. g? may rnove in

search of ó4 (cladney 1971).

ln order to successfuìly copulate with a g the ð tick has to locate her

(tÉe possibi ì ity of pheromones being involved is mentioned above), cl imb

beneath the ç (who is probably firmly attached to the host), 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-mat¡ng isolating

rnechanisms as it appears that the pheromone which attracts the ð to a g may

not be species specific. A critical point in this sequence is a movement by

the g which allows the ó to get beneath her into the mating position. Ross

Andrews reports seeing instances whe!'e gg have clamped thei r ventral surfaces

cìose to the hosts'body and thus excluded active ód. ln 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 g

3.31+23 Detachmen t

It was shown in 3.31+11 that the timing of detachment in ticks is of

importance in selecting microhabitats off the host. lt would seem I ikely

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-

rnent in the ticks. He showed that LL of Ap. hydz,osaw"i detached most

readily in the dark and when it was warm. lt is not clear, however, whether

these stimuli act directly on the tick or whether the tick reacts to changes

in the host.

3.31+3 S umma ry of T i ck deve I opmen t

ticks' in 3.341 and 3.J42 above give someThe data presented on the

indication of the duration of

These are summarized in table

the va ri ous s tages of the i r I i fe cyc les .

1B below. The times given are nìeasures and

estimates described in 'more detail in 3.341 and 3.31+2.
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Table 1 I

The duration of the various stages of the I ife cycles of Ap. Ltydrosaw"i' Mb.

aLboLimbatum and Arnb. Limbatwn in days under constant conditions at 25-27oC

and 85% RH. The figures are average ones or estimates. Estimates for which

there is l¡ttle supporting data are placed in brackets ( ).

S tage

oott

Ap
hyfu,osaurL

Arnb.
Límbatwn

( r2)
14
10

(zo¡
14
r9

(zo)
(zs)
.8
3\

LL

NN

Ti me before attach i ng
Time to engorge and detach
Time to moult

Time before attaching
Time to engorge and detach
Time to moult

Time before attachment
Time before detachment
Preoviposition time
Tirne for eggs to hatch

TOTAL 176

ln 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 developnent, shown in table 18, are

probably rarely achieved outside laboratories. However i f the data for the

Anb. Limbatwn popuìat¡on at Buckland Park (¡.¡¡) are examined it can be seen

that in 70 days after ìizards were infested w¡th LL the first adults appeared.

Table lB gives 97 days for this deveìopment at 25oC. This perhaps indicates

that the estimates of the tinre 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 includes extra tine

in that ticks do not find hosts immediately. ln fact at h¡9h humidit.ies ticks

may live many rþnths without foo¿.

A number of other workers have presented simi lar life history tabìes for

other ticks (".g. Arthur and Snow, 1968, Murray and Vestjenq 1967,

Nadchatran 1960). However, none was researched undèr the sarne con¿itions as

the present study.

An1b.

ALboLinbakm

( l5)
14
15

(zo)
14
22

lzo )
25
27
37

5
4

7

0
4

3

(

(

(
(

(

(

(

37

)
)

)

)
)

)
)

20
25

6

209 1 19



75.

Work of various researchers on the ecoìogy of ticks indicates that ticks

are most likely to die when detached and awaiting a host (G¡urgis l97l,Owen

1975, Randolph 1975, Theiler 1964). This mortality must be high, for ticks

lay many eggs and yet relativeìy few adults are seen attached to hosts.

ln the ìaboratory, records were kept of the proportion of ticks which

died during particular stages of their life cycles. Figures 3l and 32

show the percentage of LL of Ap. hydnosatn'í and Atnb. Limbatwn which failed

to attach, to engorge and to moult in a particular experirnent. The con-

ditions were the sarne as those described in 3.3421 above. lt can be seen

that under opt¡mum laboratory conditions ticks are ÍÌore likeìy to succeed

at attaching and moulting..than at engorging. ln 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 ci rcunt-

stances where hosts are readi ly available, many ticks fail to survive the

peri od between .detach i ng and attach i ng.



Figure J1. The percentages of Ap. hyd.z,osau.z,i LL which failed

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

lizards, Tz,. Tugosus. Each I izard had been infested, with 400 LL.

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

cycle and a daily temperature fluctuation from 18 to 32oC.

The detached LL were kept at 27oC, anc.l 85% RH.
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Figure 32. The percentages of Arnb. Linbatun LL which failed

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

I izards, Tr. rugosus. Each I izard had been infested w¡th 400 LL.
i.)

The infested I izards were exposed to a 17212¡ day:nigh¡,

cycle and a dai ly temperature fluctuation from 18 to 32oC,

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

Bull (1969) and Bull and Smyth (lgll) describe their investigations on

the water baìance of the three ticks. They chose this aspect of tick

physiology because of the apparent correlation between the distributions of

the ticks and soÍìe parameters of cl imate. UJhile seeing these parameters

as but one group of factors possibly determining the distributions they

believed them to be likely ones. lf the boundaries were determined by the

climate they reasoned that the responses or tolerances of the ticks to

cl imatic condit ions, particularly thei r capacity to survive arid cond itions,

would vary. Further, they deduced that the ability oi the ticks to withstand

dehydrat¡on should be illumÌnated. 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 (tgll) report three approaches to meâsuring the ability

of the ticks to w¡thstand arid conditions. They measured 'the rate of

evaporative water loss at normal temperaturesr. This loss, they suggest, is

from two sources; loss through the (almost) waterproof monolayer of wax

moìecules on the surface of the cuticìes of the ticks (see Beament 1965)

and water lost during respi ration. The structure and waterproofing

propert¡es of the wax monolayer are markedly disrupted ¡f its temperature

reaches and passes a certain critical point. Lees (tg4Z) and Hafez et al

(fgZOU) had observed that'ticks from hotter, drier habitats usually have

higher critical temperatures (gull and Smyth 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 couìd

absbrb water from the atmosphere. The relative humidity value above wh,ich

a tick can gain water from the atmosphere and below which it cannot'is

cal led the equil ibrium' humidity.
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They found that,4p. hyd.z,osauri, despite being the ìargest of the three

species, lost water more quickly than the AnbLyoTtnna. sPp. Anb. alboLinbatwn,

though larger than its congerìer,lost water at a similar rate. When survival

times in dry air were compared,Antb. aLboLinbatwn lived longest and Ap.

hydrosaurí died most quicklY.

Arnb. Limbatwn had the highest mean critical temperature (Sl.g t 0.63oC).

Critical temperatures were only measured in adult ticks.

The estimates of the equilibrium humidities of the ticks were very

similar,i.e.intherangeBltos3zRH.TherewasasuggestionthatA]nb.

Linbatwn might absorb water f rom air at sìightly lower humidities within .'

this range than Èhe other ticks.

Bull and Smyth (1913) ¡r¡efly 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 9l% RH,

whereas blocking the spiracles or the anus did not. 1t was not clear

whether b,ax 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. hydtosauri might be due to its

inability to survive long exposure to dry conditions. But the reasons for

the southern I imit of the two ArnbLyormna spP. remained obscure. Their resul ts

indicated that Arnb. aLboLinbatum was best able to survive dry periods and

yet ¡t is found south of Atnb. Linbatun!

The research of Bull and Smyth indicatesthat 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. hydrosauz,í. lt. ¡s evident that knowledge is needed of the factors

which influence the ticks in the fieldrpaFticularly at'the boundaries.

lndeed such 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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ln this case data on di fferences in

the ticks do not, by themselves, help us

responsible for the di stributions.

the physiologicaì capabiìities of

decide which factors are Primari ly

3.50 Predators and Pa thoqen s

Predators may influence the distribution of animals. Kitching and

Ebling (1967) cìearly demonstrated such an interaction in the Lough lne

area of f reland. A mussel (AytieLus eduLis) though comrlìon aìong the'coast

was absent from sheìtered waters. K'itching 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 (tg4g) examined the stomach contents

of birds which they observed on the backs of spotted reindeer in the southern

Siknota - Aìin mountains. The birds, magPies, Cyanopica cAana paLLescens

and piea pica Eucoptera, each contained from I to 30 ticks, with representa-

tives of eight different genera. ln 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 starl ings. Amadon (1967) reported observing

birds remove ticks f rom I izards. He describes the removal of Antb. d. dnruini

from marine iguanas by Galapagos finches.

Ticks are also attached by species of wasps. Doube and Heath (lglS) noted

that an encyrtid wasp, HurttereTLus sp., Pârasitized engorged LL and NN of

HaemaphysaLis bancrofti and NN of H. brenmeni, Iæodes hoLoeycLus and l.

tasmqni in Queensland. 0l iver (tg64) had also reported finding wasPs

attacking engorged NN of f. tasmøt.í. lt is apparent that some ticks, at

least in laboratories, may be attacked by fungi (Randolph 1975). Ants are

also known to kill and eat ticks. Harris and Burns (1972) described how the

lone-star tick (lmø. ØnerLeanum) was predated upon by the five-ant. Ticks
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are al so I ikely to be preyed upon by i'nsect ivorous rodents and predaceous mi tes

Healey (lglt, cited in Heaìey 1979) used precipitating antisera for the

seroìogical identification of the predators of Iæodes ricinus. He suggested

(Heal ey 1g7Ð that bredation by spiders, harvestmen., centipedes and beetles,

aì I of which may attack f. r,icínus, 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.

I have not observed any grooming of sleepy Iizards by birds. Sonetimes,

however, one sees attached to lizards mouthparts of ticks with bodies missing.

Such occurrán."5, are rare. ln the Iaboratory sleepy lizards,Tt'. r'ugosus, will

bite engorged g 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. ln field enclosures, lizards bore engorging 99 for many

days at a time and'there was no evidence that other lizards ate these ticks.

Oliver (tg64) and Doube and Heath (lglS) found evidence of parasitizm

by wasps of.engorged NN by keeping detached NN from wild caught hosts in the

laboratory. The wasps ìãy 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.

gbservations on laboratory and field populations also fai led to produce

evidence of other predators. Howéver, in laboratory stocks in vials, it was

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

60 Ge ra ical 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 correìations

between some changes in morphology and geographical position. ln Rhipi.cephaLus
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sanguineus analysis of morphologicaì variability shows that it ¡s probably

a complex of species (paperna and Giìadi, 197\). Apart from variation in

morphology with geography the seasonal act¡v¡ty 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. ln South Australia, Ap. hydtosaut"L apPears to vary in size

across its range. The populations in the northern'Parts of its distribution

seem to contain larger rnembers than those farther south. Table 19 shows

Íìeasurernents of scutum s izes in adul t t icks f rom various Parts of the siate.



Scutum widths in mm of î1oo Ap

Austral ia.
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Table i9

hydz,osauti fron various local ities in South

Local ity (latitude) Number of ticks Mean (r*) SE of mean

Cleve
Mt Mary
Renma rk
Maggea
Central

ß1.1")
(l+o¡
ß4.2u)
(34.50)

(34.50)

26
4o
10
10
27
12
4\
12
10
13

.31

13

3
4

3

3

3

3

3

3

3

3

3

3

88
08
90
86
88
96
86
B2
88
67

72
08

0. 033
0.026
0.039
0. 039
0.037
0.053
o.025
0.082
0.04
0. 064
0.041
0. 056

Yorke Pen.

Mia Mia Flat (36.50)
Cape Northumberìand ( 3go

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 "t tî Ap. hydtosauzi fron

various locaì ities shown in table 19.

Source of variation P

among grouPs p<0.01

Within groups

TOTAL

Table 20 shows that there is a significant added variance component

among areas for width of scutum in 8Íap. hydrosaut'i. Similar measures have

not been made of ticks from laboratory stocks originating in the different

a reas .

There is also evidence that t;cks from different areas might moult at

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

1977 - appendix 4).

M.S F
S

d.f s.s

1 1 17 I .06 30.2911

035236 8.31

20.02247
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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. Ehrl ich and Raven (1969) in fact suggest that

gene flow between local populations is so low that they (local populations),

and not the biological species, are therreaìrunits of nature.

Bulì and Sara (tgl6) report studies of esterêse polymorphisms in Ap.

hyfu,osautí 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. hydz'osauti being tested.
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4. oo Hosrs

4.10 lntroduction

The geographical distributions of parasites and diseases are I imited

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.

lf a parasite is host specific,or if, sâY, the adult stage of its life

cycle is, then the geographical distribution of the parasite cannot exceed

that of the host.

The tick AnbLyonrna tubercuLatum is one such parasite whose distribution

seems to be largely determined by the distribution of its one host the

gopher rorroise Gopheras poLyphermts (Cooney 1968, 1972). The distribution

of a parasite may, however, be smaìler than that of the hosts. ln some

parts of the hostrs rangerother factors, such as predators of the parasite

or adverse aspects of the microhabitat of the non-Parasitic stages, might

impose distributional I imits. Changes of host abundance across its range

might also effect the parasite's distribution.Mohr (lgAln) showed that the

infestation rate of rabbits by HaanaphysaLís LeporispaLustt'is decreases with

increased spacing of the hosts. There may also be a particular host abun-

dance below which the parasite wi I I not persist. lf the host's distributîon

is.disjunct,the parasite may be absent from some populations if one of the

above factors is operating or has been important in the past. This.mÎght

have occurred with Apononrna autignans, a wombat tick whose hosts have

disjunct populations. Roberts (lgZO) remarked that this tick is not found

on Queensland populations of wombats. lt also seems absent from the

isolated population of Lasíorhínts Latifnons near Blanchetown, South

Austral ia (n.f. Wel ls pers comm).
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Distributions of parasites that infest a wide range of hosts might not

be Iimited by the distribution of any one of them. the fæodes ricirnts

species group seems to belong in this category (Arthur, 1962). 0n 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

RhipicepVn\us sangaì.neus appears to belong in th¡s 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 (lglÐ showed that Ap. hydtosauri, Amb. aLboLimbatu¡n and A¡nb.

Linbatun parasitized at least 31 species of reptiles. He said that four

host species werè used by all 3 ticks. . They were a dragon,AnphiboLuz'us

barbattts, two skinks,(the blue tongue TiLiqua oecipitaLzls and the sleepy

lizard Irachydosauaus zwgosus),and the brown snake Pseudornia teætiLis.

Two hosts had shared 2 tick species each; Noetchís sp.(tiger snakes)

parasitized by Ap. hyfu,osatæi and Anb. aLboLinbatu¡n and tlle goanna Varanus

gouLdíi with .4p. hydrosautiandAtnb. Limbatum. Although the ticks had a

number of hosts in common,smyth suggested that theyrrmight not have the same

host preferences or requirements." A preferred host for a particular tÎck

would possess phys iological and behavioural characteristics most I ikely to

enable that tick to complete its I ife cycle.

lf the ticks do have different host preferences,then the distribution

and abundance of the hosts must be examined, particularly across the tick

boundaries. lt 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-

ln 4.2 the known host specíes are listed and an attemPt made to assess

their relative importánce as hosts of the ticks. The geographical distri-

-a
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butions of the hosts are contrasted in 4.1 with the tick distributions

described in Chapter 2. This information is used with findings from 4.2

to see if it is possible to ma¡ntain the hypothesis that the tick boundarÌes

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 hostrs behaviour are ilìuminated and suggestions made of the way in which

they might affect the ticks' distribution and abundance. F¡nally in 4.5 the

information contained in this chapter,and thus the overall importance of

the hosts in influencing the tick distribution, is discussed.

\ .20 Hos t sPecies and their relåtive importance.

\ .z't Hos t S ctes.

The known reptilian host species of the three ticks are shown in

table 21. The data given are those published by Roberts (tg6g, 1970) and

Smyth (tglÐ, pl us other information col lected during this study. The

table also shows the number of animals of each species recorded as being

parasitized in my records and in Smythrs.

Roberts (1970) I ists Áp. hydz,osauri as parasitizing Bos taurus, Equis

eabaLLus and TaehygLossus aeuLeattts, as welI as reptiles. The first two

seem to be very rare occurrences and can be disregarded in this treatment.

The case of the echidna (T. acoúeaÌus) 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 (tg7O) noted that this northern

f orn of Ap. hydrosauri dif f ered in host preference f r.om southern þopulations.

Apart from the above cases,Ap. hyd.t'osaW'i is a parasite of reptiles. The

two AnbLyornnas have only been found on repti les - excePt fo, on" (
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Table 2l

A I ist of known reptil ian hosts of Ap. Ttydt'osauri, Anb. aLbolimbahtn

and þnb. Limbattm,showing for each host species the number found parasitized

by each tick species.

,a

HOST Ap.
hyfuosawi

Anb. albo- Anb.
Lìnbatwn

Limbahnn Total
parasitized

Chel on i a

Ch.elodina LongieoLLis
Pseudanydtæq, wnbnítn
Sauria
Ã-gami dae
AnphiboLumus barbatus Xtt eristakts X

't deev'esíi Y'

" diemensistr fionü Xt' oz'natus
" pictuts X

MoLoch horxids,ts
Gekkon i dae
Gehyra uaz.íegata X

GymrndnetyLus míLií X

Scincidae
Egernín margæetae

pensorøta . X

.t' rm'tLtíscutata X

't uhitei X

LeioLopismø
metaLLíawn X

TiLiqua
rruLtifaseiatatt nígroLutea X

tt occípitaLí,s X

't scíncoides X

Trachydosawas
rugosus X

Va ran i dae
Varanus q.cant\nÆas

r9

gí,ganteus t 
_gLebopalma

gouLdii X N

gLauenti
tìnorensis -
tínoz.ensis seaLavis '

696 327

¿

50
2
1

I
1

1

1

I
1

I

I

2
16
>7

6

\9
I
1

1

I 31
2
I

4

tlt
I

.L

2

4
1

I
1

*l*
I

I ¿

3
6

tlt
4

+ 2t

4r0

:l
2

t 2t

1t
1t
r+

.L

-u

.L

1Iß3

2

2

\9
f
f
+

0ph i dae
Bo i dae
Aspídites sp
Línsis olíuaceus
MoreLí.a, spiLotes 1
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HOST Ap. Anb. aLbo- Anb.
hydrosauli Linbahtn

Linbatwn Tota I
parasitized

El api ade
Aeanthophis

anfurcticas
AustreLaps sltperbus
h,ysdøLia coronoiÅes
Noteehis sp
Noteehis atev'
Pseudechis anstz'aLia
Pseu.d.onaja rurc\nListt teætíLis

2

3
X

X

2

3
+
J

l+&
2

x
x
X

&

1

>6

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

* These reco.rds are from Roberts (1969,1970) and have not been

repì icated in the present study or by Smyth (tgl.Ð.

t...t A new host record.

X Th¡s reptile is a host of ticks in South Austraìia.
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Arnb. Limbatvnn which attached to me.

4.22 The reìative importance of the reP tile soecies 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 s.econd group is the one whîch is of ¡nterest in

that such hosts are most likely to influence the distribution of the ticks.

The relative importance of hosts. in this context can be assesþed 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 important in this assessment. The task

of determining which hosts are rnore important for consideration here may

. be made more difficult if it traôspires 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 I coìlected,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 rls 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 parasitized is

thus impossible to obtain accurateìy from the records. Another problem is

that some hosts are faster, fnore cryptic or more dangerous than others and

so appear less often in the records. This means that there is a diffículty

in calculating accurately the relative abundance of hosts. I t is .apparent

that some col lectors are rlþre skil led and/or exPerienced than others and are

I ikely to f ind nrore ticks on a host. This appì ies 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.

Son¡e 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 aÈe

excluded because there are too few records of them to "n"ìyr.. 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 Austral ia (Worrel ì 1963). Roberts

(tgeq, ß70) reported that Ap. hydrosauni has been found on this chelonian

but I have no record of such an association despite exêmining ten tortoise

specifiìens. I suspect that it is not a corruîon host of .4p. hydtosaut'i, a view

which Roberts (tgeq, ß70) appears to have held also. Also, .the tortoise has

a very restri cted range in South Austral ia.

Pseudemydtua wnbrína is a rare VJest Austral ian tortoise which I ives in

svúampy areas near Perth (Worrel I 1963) . Amb. alboLimbatum was recorded on

this animal by Roberts (tg04,1970). The very restricted range of P. wnbrina

rules it out from further consideration.

AnphiboLwws cristatus i s f ound in southern central Austraì ia f rom Pt.

Augusta west to within 300km of Perth (pianka 1972). I have colìected six

of these dragons, from an area 28km south west of Pt.Augusta; one of these

had a singl " õ Uø. Limbatwn attached. Smyth (197Ð also recorded a single

occurrence of this tick on .4. cristatus. Atnph¿boLutas diemensís

was recorded,as a new host for Áp. hydrosautl by Roberts (tgZO). The coìlec-

tion, was made in Tasmania. Although .4. díemensis is also found in the

Victorian highlands and into the Blue Mountains of New South Wales, there are

no records of ticks infesting it on the mainland. Antph¿boLut'us ornatus has
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a resar,.a.O distribution in [,/estern Australia (Cogge r 1975). Speci'mens of

Anb. alboLimbatwnwere collected from this agamid by P. Baverstock but its

restricted range rules it out as an important host. AnphiboLwus d.ecresii

is recorded in Smyth (lgll) as a host of Anb. Limbatwn, and Smyth cites

Roberts (1969, l97O) as the authority. I have been unable to find such a

reference in Roberts'papers. A search of Smythts records showed that he

collected from an A.'descresü four LL which he identified as Anb. Limbatwn.

The identification is doubtful, however, as other ticks which I have collected

'since f rom ,4. dpscresü in that area of the Fl inders Ranges have proved to be

of an undescribed species of Anblyonma*f,år" larvae are indistinguishable from

those of' Amb. Linbatun (see section 3.22) .

funphiboLuz,us fionü has only twice been found to carry ticks; both were

col lected near Woonera and both carried NN of .Anb. Limbatwn. Many other

specimens of this dragon have been collected by colleagues in the Zoology

Department but no others were infested. This suggests that ^4. fíoníí is

rarçly parasitized. MoLoch horridus is recorded by Smyth (lglÐ as a host

of Anb. aLboLinbatun. There is one record in his fi les of a M. horrì,dus with

a single ó attached. I have examined other individuals of this species and

failed to f ind ticks. GytrmodactyLus miLii only appears once in the collec-

tion records where a N of A¡nb. Limbatwn was found on one. Many other G. miLLíi

have been col lected by col leagues; none v\'as found to beãr ticks ' Gehyra

uariegata is certainly a very inf requent host of ticks. A larva of Atnb.

Limbatun was found on one by M. King who, in the course of his research,

examined hundreds of these geckos. Egernia maîgaretae pet'sonata is

said by Smyth (lglÐ to be parasitized by Anb. Lintbatwn. A search of his

records and tick collection failed to r"v""l the specimen and confirm this

identification.

EgeyniørmtLtiscutata has been collected many times by colleagues and one

individual had attached a larva, probab ly of Anb. aLboLinbatwn.

Egetnia uhitei has been collected as frequently as E. rruLtiseutata and Smyth
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(197, 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 metaLLieum, a small

common skink,u,as once found by Smyth to bear a I arva of Ap. hyd.rosauri, but

¡t is obviously a relatively unimportant host.

Væaras acantlnu,us is found only in northern Australia and is reported by

Roberts (1969, 1970) to be a host of Anb. Linbatun. Varanus tìsnorensis,

V. tímor.ensis seaLaris, V. gLauez,ti and 7. gLebopaLma are new host 
,records

for Anb. Limbatun. They all have distributions restricted to the far north

(Cogger 1975) of Australia and are therefore not significant in this study.

Vatanus gi.ganteus,.the largest Austral ian I izard, has its own tick Amb.

calabyi (Roberts 1970) but I have recei ved Anb. Li.nbatu¡n from two specimens.

V. giganteus is found only in central and western Austraìia in rocky areas.

Linsís oLiuacaÆ, found in northern Australia, is reported by Roberts (t969,

1970) as a host of Anb. Limbatt't¡n.

Aspid.ítes spp.(either As. meLarnephaLus 'or As. rønsayí) are also pythonsrand
/

Roberts found Atnb. Línbafuin on them. They do not appear in our records.

MoyeLia spiLotes hosts at least tvro of the ticks,Amb. aLbolímbatun and Anb.

Linbatun. Smyth found a g of the former on a specimen f rom l,/estern Austral ia.

Acanthophí.s antqrctícus has a southern distribution (Cogger 1975) but only two

specinrens appear in the records. Both were hosts of Ap. hydrosauri.; there

were six dd on the two snakes.

pseud.ornja nucLnLis was named Demansia nuchnLis by Smyth (1973) who had a

record of i t as host of Amb. Limbatun.

AustreLaps superbus and Drysdalin cot'onoídes, called respectively

Denisoni.a superba and Denison'í.a. coronoiÅes by Smyth (lgll),are said by

Roberts (lglÐ to be hosts of Ap. hydrosøttri.

Noteehis spp.(tiger snakes) are recorded by Roberts (lgZO), Smyth and myself

as hosts of Ap. hydrosauni and Atnb. aLboLimbatan, but records are few.

pseudechis austraLzs has an inland distribution,and I have found Arnb, Limbahn
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on it, but records are few.

Table Z2lists eight hosts which seem to be npre important than the ones

listed above. Traeltydosauzws rqosus is the one most often encountered in

most parts of South Australia (see numbers in tabìe 21). Next in numbers

captured come ArnphiboLutrus barbatus, Van'çnus gouLdíi and TiLiqua nígzoLutea.

It is evident that Tyachydosattrus rugosus is a major host not only

because it seems abundant,but as all stages of each of the ticks Parasitize

it relatively heavily. lt is particularly noticeable that the other hosts

are less likely to bear LL'and when they do they have fewer.

AnrphiboLurus baybahls is another widespread species which seems to be

suitable to each tick, though we d'o not know how many Amb. aLboLínbatwn

were found by Smyth on this dragon. ln some areas of its range, however,

A. barbatus is less often found to bear ticks than În other areas and also

less often than Tr'. rugosus (see section 5.34).

ln the Mt, Mary study,for instance, only 27'Á of A' bav'batus examined were

infested,while 85% of TT. rugosus,had ticks (see section 5.34). Yet 8

A. Ba.rbah,ts caught during two successive springs (26.8.72 and 18.9.73) (5Ot m

E. of Adelaíde) were heavily infested with Ap. hydrosauni LL and NN.

AnphiboLurws píekts is less important than its congener even though it

has a wide range. Approximately l0 specimens of A. pietus caught in areas

where Ap. hydnosauri is common were not parasitized. lt is a host of Amb.

Limbatwn in central South Australiá 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 nígroLutea and TiLí4ua scineoides may be important hosts of Ap.

hydtosauri particularly in areas where ?r. tugosus is rare or absent. The

numbers of ticks recorded on these skinks do not match those for the same

tick on Tr. z'wosus.

TiLíqun oeeípita|,zls hosts all of the ticks, though the number of Anb.

Límbakm recorded is not known. ln this case more samples are needed before
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accurate assessrrìent can be made. However a number of these I izards and of

Ti,. seineoídeshave been examined during the study and most proved tick-free.

Va.t,anus gouLdii' is recorded as a host of Ap, hydtosaurl and yet I 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 7. gouLdii fron

further north which are often attacked by Anb. Limbatun Another tick

Ap. fímbriatwn i s common on these goannas.

'The snake Pseudorøja teætilis appears rareìy in our records as it is

dangerous and hard to catch. B.ut al I stages of Ap. hgdrosauti and Amb.

Límbatwn attach to it and it also hosts Arnb. aLbolínbatLon; ?? and NN have

been found thus far. Though these snakes are not as abundant as.Tt,. Tugosus

they may be an important host of the ticks

4. 30 The Geoqraphical DistributionS of the Hosts

The Australia-wide distributions of the major hosts are shown in figures

33 and 34. These were compiìed f rom data suppl ied in \,Jorrel I (1963),

Rawlinson (tg00, 1g7l+) and Pianka (tglZ), and subsequently checked against

cosse r (tg7S) .

The South Australian distributions are shown in figures 35 - \1. These

are compiled from Smyth's and my records, and from South Australian Museum

records made available to me by T. Houston. ln some cases the contribution

is overwhelmingìy from my records (e.g. Tt'. rugosus), while in others they

come largely from the Museum records (..s. P. teætíLis).

It can be seen that in no case does the limit of a hostts geographical

distribution coincide with a tick boundary. Some hosts occur on both sides

of such boundaries and are parasitized by ticks on either side e.g.'Tr,. vugosus,

A. batbatus, P. teætilís, I. oecipitalís. A. pietus also e.xists in all

three tick areas but is only infested by funb. Limbatwn. V. gouLdii similarly



Fi gure 33. Thé Austral ia-wide distributions of:

Tiliqtø nígnoLutea

TiLiqua occipitaLí,s

Ti,Liqua scineoídes, and

Tz,aehy do saurus rug o sus
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Figure 34. The Austral ia-wide distributions of:

Antphíbo hæu s bayb at¿ts

ArnphiboLuras píctus

Vayø¿us gouLdii, øtd

Pseudonaja teætilis
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Figure l!. The distribution of Anphùbolurus bay,batus în

South Austraì ia.
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Figure 36. The distribution of Anphibolur:us pictus in

South Austral ia.
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Figure 37, The distributions of TíLiqua nígz,oLutea and

TiLiqua occipítaLis in South Austral ia.
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Figure 38. The distribution of TiLiqua scincoid.es in

South Austral ia.
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Figure 39. The distribution of Tnachydosatlrus rugosus in

South Austral ia.
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Figure 40. The distribution of Varanus gould.ii. in South

Austral ia.
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Figure 41. The distribution of Pseudonaja testilis in

South Austral ia.
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is widespread and obviously a comÍìon host of Anb. Limbatwnrbut rarely of

Ap. hyfu,osau.ri. T. seineoídes,on the other hand,is a host of Ap. hydl'osauri

but not of the AnbLyormnas (¡n our records),though these skinks have been

collected f rom those areas. I. ni4r,oLuten, has a range well contained within

that of .4p. hydrosøwi.

A. ba.z,bak¿s is really a species complex consisting of a number of forms

(Cogger 1975). However,examination of the South Austral ian Museum records

does not reveal a correlation between the distribution o,f any form and a

r ick d istr ibut ion. S imi lar ly V. gouLdíi is sa i d by taxonomi sts (VJorrel I

1963, Cogger 197Ð to consist of three subspecies; V. gouldií gouLdií

from northern and eastern Australia, V. g. fLauirufus from arid Central

areas ànd V.g. nosenbergi which exists on Kangaroo lsland, southern Eyre

and Fleureau Peninsulas. V.g: gouLdii is the subspecies which ranges on

both sides of the tick boundaries.

ln South Australia,Tr. yugosus,fol lowed by ^4. barbakts and P. teætiLis,

seem to be most important as hosts. They are not present on Kangaroo lsland,

uhere Ap.hydtosøtæí is absent - though I/. gouLdii and Notechís ater are on

the lsland. But the distribution maps, compared with those of the ticks,

reveal that on Tasmania Tz,. rugosus, A. ba.z,batus and P. teætiLis are also

absent but Ap. hydtosauz,i is there on ?. nigroLutea and possibly ?. casuøtína,

Notechis atez,, Austz,eLaps superbus and DrysdnLì'a coronoides. T. ni4roLutea

is found in areas of southern Victoria and Tasmania from which 7r. rugosus

is absent and may wel I replace it in importance as a host of .4p. hydrosattt'í

i n those â Fêâs ¡
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40 General Bioloqy of the SleePY L i za rd Trachydosaurus ruqosus (crav)

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

importan t hos ts are compared w ith Tr. Í'ugosus in 4. 50 be I ow.

There has been some disagreement among workers on the generic status of

the lizard. Some maintain that ¡t is so similar to ìizards of the genus

TíLiquaThat it should be included in that genus. This argument has been

based on fiìorphological considerations including examination of prepared ikele-

tal materiaì (¡,titchel I 1950) and of chromosomes (f i nS 1972). 0thers continue

to allocate the lizard to the genus Trachydosauras (Merters 1958, Bull and

Smyth 1973, Smyth 1973, Cogger 1975). I have followed the latter course in

this study.

Ty.. rryosus shows variation in s,ize, colour and body shape across its

extensive range. ln South Australia sleepy lizards from southern areas are

smaller than lizards from further north. For instance the mean weights of

groups of adult lizards coìlected during spring at Goolwa and Mt.Mary were

\zl t 6.59g and 685.3 ! \3.3s respectively (means t S.D.). Lizards f rom

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

I ighter in colour, with yel low and brown scales and no distinct banding

pattern. Some lizards collected in areas further north (..g. near Lake Eyre)

are very I ight in colour. There is also variation in body shape, including

sexual dimorphism in which males often have broader heads than females.

Lizards from Western Austral ia, for example, have distinctly different heads

and tai ls from South Austral ian 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. lt 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. ln the Mt.Mary area beetles form

a large part of their diets during summer.

The food ingested by sleepy I izards suppl ies suff icient v'/ater and they

do not need a supp,ly of drinking water. At times they take in with their

food a high salt load, particularly those which live on coastal dunes.

Braysher (lgll) 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 f.rom view

at others. This variability is to be expected of an ectotherm in a region

where there is a marked difference in average ambient temperatures between

the seasons. An appráciation 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 which 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 I izards 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 w,i nter and summer'

when fewer ìizards were about, I have been forced to go to areas and search

off roads in lizard refuge sites. This means that the low figures in these

seasons are overestimates of lizard numbers - not a true indication of

act¡v¡ ty. 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 I izards, Tt'. rugosus,

captured per month during this study.
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is the period of maximum lizard activity in the southern part of South

Austral i a wh ich experiences a medi terranean weather pattern. ln 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 sumrner, sleepy I izards are seen less

often and very rarely during the heat of the day. ln some areas, though,

they may be seen, very active, for brief periods during and after thunde'r

storms when it is wet and warm. ln the Mt.Mary area, where such storms are

common in February - Ma.rch, there is of ten a burst of activity though not as

pronognced as in spring. lJinter in southern South Australia heralds a com-

pìete disappearance of the lizards and they do not re-appear until spring.

I mentioned above that the seasonal pattern in daily activity might

be different in different regions of the state which experience other

weather patterns. ln areas I ike Mt. Mary where rainfal ì i s infrequent and

variable,such changes were noticeable over the course of the study. There

ì^ras always a spring burst of I izard activity but the duration of this

period and the sumÍìer and autumn act¡vi ties of the I izards ì^rere variable.

The lizards seerned active when it was warm enough and there was green herbage

or moisture about. 0n hot days when there was moist food available they

might be active in the mornings and sometimes ìate in the afternoon but be

absent during the hotter parts of the day.

Sleepy I izards thermoregulate, largely by behavioural rneans (Warburg

1965). They, I ike other hel iotherms (basking repti les) , 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 w¡thin a

preferred range. An active I izard, under favourabìe conditions, can maintain

its body temperature wiih¡n narrow I imits. lf 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 I izards,

Tz,. twgosus, 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. lndeed 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

preferrèd range can be gained by measuring cloacal temperatures (Cf¡ of

specimens caught in the field (Bradshaw and Main 1968). This was done

throughout the study using a WESC0 (O-5OoC) thermorneter. Air temperâtures

(with the thermometer shaded) and soil temperatures (unshaded) were also

taken. These data are presented in figure 44.

. 
Figure 44 shows that sleepy ìizards are rarely active when the aÌr

temperature is above 30oC, a figure often reached during surrïìer days, or

when the air temperature is below 169C, a temperature not attained on many

winter days. lt also appears that active sleepy lizards are most likely

to have CTrs in the range 30 - 36oC. Very few lizards are found with CTrs

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 activi ty.

The diurnal activity pattern of a lizard is not necessarily determined

only by fluctuations in ambient temperature. lt has been demonstrated in a

number of diurnal lizard species that there may be an internal diurnal

rhythm of activity and individuals may errìerge 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 leveìs increase early in the day.

Changes in light levels at dawn might act as zeitgebers for diurnal activity

rhythms of some lizards (Henzel 1972). lt is evident that sleepy lizards

are quickly driven to seek refuge on hot days. Some species may emerge again

at dusk (Cloudsley - Thompson 1965, Henzell 1972). Some ìizards allow their

body temperâtures to rise with i,ncreasing ambient temperatures until their

CT's are higher than those observed in ste"py I izards (Cowles and Bogert 1944,

Bradshaw and Main 1968).



Figure 44. Frequency distributions of cloacal temperatures

(Cf) of active sleepy I izards, Ir. r,ugosus, captured in the

field and of soil temperatures (Sf) (unshaded) at the capture

site and of air temperature (nf) (with the therrnomerer shaded).
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Henzell (lglZ) showed that in Egernia sPP., the duration of exPosure

(activity) decreased with dehydration. Dennis King and I were able to show

a similar situation with sleepy ìizards (fing and Sharrad, unpublished

paper) . We pìaced 6 fr,. rqosusin 6 enclosures (Z nretres x 50cm) and

monitored CTrs, air temperatures and soi I 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 automaticalìy controlled to give a 12/12 hour, day/night cycle.

CTrs were recorded once a minute for 4 weeks. The lizards exhibited marked

diurnal patterns of behaviout, emerging from the refuges soon after the

lights switched on and quickly reaching and maintaining a preferred CT of

about lZ-i\oC 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 r^/ere fed and had water ad. l¡b. The starved lizards

appeared to restrict the,time spent active and thus reduced the time spent

wi th h i gh CTrs.

The vagiìity of ticks is likely to depend largely on the movement of

hosts. Thus a study of the distance noved by lizards was undertaken.

Small radio transmitters (weigh¡ = !!gms) were constructed in the fashion

described by Green (lg6g). These transmitters produced a series of puìses

which could be detected at 30 to 50 metres on portable radio receivers. The

transmitters were stuck, with epoxy resin, onto smal I aluminium plates

0 x Z*cn). These were taped and glued onto the tail of the lizard to be

fol I owed .

Four lizards in the Mt.Mary study area were fitted w¡th r-ai¡os 
"nd

released. Table 23 summarizes the results of these studies. Home range

areas were calculated using.the convex polygon method described by Southwood

(1966). ¡t can be seen that these areas are much smaller than those

predicted using the formula of Turner et al., (lg6g) which is based on the

!
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weight of individual I izards. Thei r formual is:

A - 171.\ vuo'95

where W = weight in grams of the

A = area in square metres.

I i zard

Tab le 23

Area of home ranges of Tt'. Tugosus in the Mt.Mary study area.

Lizard \.leight
(grams)

M 43 658

t4 7\ 750

Period

24/ 11 /71- r 1

19/ 3/72

26/11/71- 7
19/ 1/72

1\/ 1/72- 5

26/ 5/72
1\/ 1/72- 5
26/ 5/72

Numbe r
of

captures

Area - by
po I ygon

5,066

3,\29

1,525

5,281

Estimated area
Turner^et al.

(r')

8l ,910

92,320

69,708

72,190

convex
(r')

M 9t 558

t4 92 579

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

that herbivorous iizards would have much smaller home ranges than carnivorous

lizards.

M. Bull subsequently attempted to accurately measure the disposal of

ticks within a population of Ap. hydtosauri near Tickera on Yorke Peninsula

(gull 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

opportuni ties for tick di spersal are thus qui te I imi ted. Bul I (tgZ8 a)

calculates that this probably amounts to 800m or less during a tickrs life,

i f òne assurrìes that the tick rel ies enti rely on the host for such dispersal

(see 3.3411).

The Mt, Mary study also showed that the ìizards use a number of different
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shelters in their home ranges. These shelters varied from bushes (..g.

Kochia sedifoLia) to old tree stumps or hollow logs. lt was also evident

that the home ranges of lizards overlap.

However, the investigations at Mt.Mary were only of adult I izards and

only for surlrrìer and autumn mgnths. lt is possibìe that I izards move further

during spring - although this \^rould seem unnecessary as food is then more

abundant. Also, the movements of juvenile I izards are not known.

Female sleepy I izards bear I ive young, usual ly twins. These are most

often seen ner^, born, during Apriì. lf female I izards are captured during

early autqmn they readily Sive birth in the laboratory. The young which

resulted ranged in weight from 55 to 85g.

The recorded birth dates of young Tr. ragosus are given in table 2\.

Table 24

Birth dates of 12 Tt,. rugosus.

Number Date
I n the week

Particulars

23/3 - 3o/3/1972

6.
7.

8.

9.
10.

11.

12.

It may

however, be

9/ \/72

13 /\/72

13/ \/72

19/\/72
19/ \/72

26/\/72
7 /5/72

)
)

)
)

1

2

3
\
5

These were born in enclosure 2 at
Pt. Gawl er

From a female coìlected in the
South East of South Austral ia

From a second female lizard collected
with the one above.

From a female captured near Mt,
Ma ry

From same female as No. 5.

From a third female from the South
Eas t
From a female captured near Mt,Mary

From the same femaìe as No. 11.

)
)

be that young I izards move much more than adults. They tnouìd,

unl ikely to pick up ticks unti I spring (see 3.31).
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4.50 Di scuss i on

It is evident that there is no correlation between the I imits of the

distributions of host species and the positions of the parapatric tick

boundaries. The non-occurrence of ticks on Kangaroo lsland, however, might

be a result of an inadequate supply of suitable host species.

The behaviour and biology of a host sPecies at a boundary may be

important, even ¡f it is found on both sides of that boundary. lt could be

that the choice of shelter or burrows by the host changes across the boundary.

This would influence the microhabitat of ticks off the host. The hostsl

activity both diurnal and seasonal may change across the boundary in response'

for exampìe, to different vegetation 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. lt 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 thei r

movement disperse ticks. Such movement \nould be one factor which would tend

to disrupt a parapatric boundary. The other possibility that must be con-

sidered is that ¡f interspecific competition does take place between the

ticks, it probably does so on the hosts.

Tr,. rwosus, a rnost important host in much of South Austral ia, is found

in high numbers on both sides of all the tick boundaries. The seasonal

,,activity" of the ticks and thei r behaviour is correlated with that of this

reptile. One would expect from the d.ata on home ranges (in 4.40) that the

ticks would have very low vagility. One would aìso expect that the avaiì-

ability of potential microhabitats to ticks in the boundary areas would be

dependen t on the behav i our of th i s I i zard.

gther reptiles do carry t¡.ks. Some, e.9. V.. gouLdii, occuPy different
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shelters and may have larger home ranges (Green 1969, King pert..ot.). Some,

e.g. A. barbatus, might be active at higher temperatures during summer

(Bradshaw and Ma¡n 1968). Some, e.g. I. nigroLutea, are probably active a't

lower temperatures. But in general they exhib¡t s¡mi lar seasonal and

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

appear to be quantitatively minor hosts (sect, \'ZZ) '

It is apparent that there is much to learn about the hosts of the ticks.

More information on the relative importance of different host species would

be useful, but detailed investigation of 1?. rugos.us 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.

ì.Je know that some sleepy lizards are better hosts than others but do not

understand the reasons for this; why such variability exists, its extent or

how a part icu I ar hos t might i tsel f vary in th is way wi th t irne and/or

experience of infestation. The relationship between host density and the

survival of ticks ìs another unexplored area.

a
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OO THE PARAPATRIC BOUNDARY BET\.'EEN APONOMMA HYDROSAURI AND

LYOMMA L M AT

5. 10 I ntroduct i on

ln 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 intens.ively

includes the toìdns of Bower, Mt Mary and Morgan, the former railway siding of

Eba and the undeveloped townsite of Fìorieton (see Fi9.45). lt is divided

by a major highway from Ade'ìaide passing through Bower, Mt Mary, Eba and

Morgan. The Morgan-l^lhyal la pipel ine runs east-west through the centre of the

area studied. A network of minor, unsealed roads forms a grid pattern over

the region.

ln this chapter the distributions of the iwo tick species are examined

in detail. The topography, vegetation, soils and weather of the study area

are then analysed and patterns which ernerge are compared with the distribu-

t i ons of the t i cks.

5.20 The di stribution of ticks in the study area

Tick coìlecting expeditions to the Mt Mary area began in August 1971

and continued at regular intervaìs (usual ly monthly) unt¡ I December 1973,

Thereafter fewer such trips were made. Reptiles were colìected when seen,

usually crossing roads; they \^/ere examined for ticks, the location recorded

to the nearest 0.1 km and data recorded as described in appendix l. Apart

from lizards required for experiments, those examined were marked and

released. The methods of marking repti ìes are described in appendix 3.

See also cornrnents on mapping tick distributions in 2.10



Figure 45. The Mt MarY StudY Area
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Ticks had often to be taken from lizards and brought to the laboratory

for i dent i fi cati on us i ng the keys of Roberts ( 1970) .

Tick .species other than ,4p. hydrosauri and Amb. Limbatum were sornetimes

found on reptiles in the area. Six ?r. r>Wosus bore single specimens of the

kangaroo t ick, funithodoz,os gurmegí, wh ich apparently I ives f urther south

than Browning (lg6Z) suggests. This tick has also been found on sleepy

I izards f rom I.Jestern Austral ia. Two goannas, Varanus gouLdii, were found to

be parasitized by Ap. finbniatun. But 0. gurmeyi and Ap. finbriatwn were

obviously rare compared with Ap. hydtosauri and Anb, Limbatwn, which were

foun d on fiìo ré than fou r h und red rep t i I es .

The distributions of the tÌdo major reptilian ticks are shown in figure

\6. Refer also to f igure'6 in Chapter 2 to see this portion of .the 
tick

boundary relative to the rest of South Austral ia. Most records corne f rom the

'area between Mt Mary and Florieton, part¡cuìarly near the pipel ine. 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 cgvered by

scrub. lt proved d¡ff¡cult to find lizards there. ln other parts of the

study area too many records were obtained to fit on the map, e.9. along the

pipeline 2-4 km east of the Mt Mary - Florieton road.

ln 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 - Flor¡eton road but curves south on the eastern side of the road.

It is unclear whether or not there is a continuous tongue of Anb. Limbatttn

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 pìunþes south 
"nåtn.

The distributional data collected in the present study suPport the

observations made by Smyth (197Ð. Many of the gaps in Smythrs map have



Figure 46. Records of Ap. hydtosatu'i and A¡nb. Limbatun in

the Mt Mary area.
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been fi lled in and it appears that the zone of overlap (the area in which

both spp. are found) is as narrow as he suggested. ln addition the distribu-

t ions of the t i cks are the sarlìe as those shown by Smyth. There i s no

evidence, from comparing the present map with that of Smyth (lgll), or from

comparing data from different years in the present, study, which indicates any

movement of the boundary. lndeed Bull (lgZ8 a) shours that the vagility of Ap.

hydtosautí is probably very ìow, so that it would be unl ikely to detect fiìove-

nent 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 beeri found bearing

both species. ln fact there is no'sign of overlap between the ticks. Few

lizards have been caught in this region, and those that have been usualìy

bear no ticks. ïh" densi ty of I izards in the area is discussed later; in

parts of the area it may be too low to support a tick population.

The distribution of aduìt ì izards (fr, r,ugosus) found which did not

bear ticks is shown in Fig. 47. The probable positions of the distribution

limits of the ticks are aìso shown. nlthough 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 characteristics of the Mt Mary Study Area.

ln this section the Mt Mary area is examined to see ¡f there are any

obvious correlations between the tick distribution above and envi ronmental

parameters (I am using the term'lcorrelationil here to mean a correspondence

or coi nci dence) .

lTo ra h

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



Figure 4/. The distribution I imits of Ap. hydtosauri and

Also shown are the records

TUgOSUS.

ATnb. Linbatwn in

of unparasitized

the Mt Mary area.
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Figure 48. Mt Mary topography. Contours (tt¡ are shown.
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obtained from Edition 1-AAS series R502 (l:Z5O,OO0) maps - Sl54-5, Sl54-9,

Sl54-10 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 4 km east

of Morgan. The Creek rarely flows but after rain consists of a series of swampy

lakes. Qther areas also become swamps during rain. One large area is on

the Mt Mary - Florieton ro¡d ,2-\.km north of the pipel ine. The Mt Mary town-site

.is just south of another swampy area. These swamps persist for some weeks

af ter rain and at,tract .l-arge Populati.ons of water birds

There seems to be no evident association between the tick boundary

and topography.

2Ve tation

ln 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, 0hman 1961,

Popova et al 1966, Semtner et al 1-971 , Subotnick '1956, Theiler 1964).

Smyth (lglÐ also suggested a correlation between vegetation type and the

tick distributions - th¡s originated from observat¡ons and coìlections

made prior to 1970. lt was therefore necessary to examine the distribution

of vegetation types in the area.

Boehm (lgqO) had listed many of the vascular plants in the Mt Mary area'

but it was Jessup (1948) who first recognized and mapped plant âssoc¡at¡ons.

Jessup's maps were evidently compiled by motoring through the areg and

noting the approxirnate position of vegetation boundaries. lt seemed that his

maps overlooked minor convolutions in the boundaries. The vegetation maps
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also show broad changes and not

s tudy.

enough detaiì for the

A central ¿rea (see figure 49) was chosen in which to study vegetation

in detai ì. This region seemed to contain al I 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 (lg\l-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 t964 pp 27-29) to be 20 metres diameter and

round. The allocation of quadrats was restricted in that I ensured that

they were distributed on both sides of what appeared to be the vegetation

boundary. The data on presence and absence of plants in the quadrats were

anaìysed to see which species were positively or negatively associated (see

Gre i s-Smi th 1964 Chapt 4) .

The resul ts are analysed in fi gures 50 and 51.

The mallee scrub comprises one of the association groupings. There

are two other recognizable groupings in the area; Casunrina et'istata scrub,

and more open grassland with a few scattered trees of MgoporunpLatycarpwn.

Some plant species are, of course, found in aìl areas while others are less

cosmopol i tan.

Armed with these data I 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 techn¡que used by Connor (1966). The second involved aerial photography and

photo-interp'retation. Black and white photographs from the S.A.

Lands Department were useful to determine where scrub boundaries'went

between roads. However these photographs did not enable recognition

of vegetation types. lt was therefore



Figure 49. Sites at which samples were col lected for identifica-

t¡on during a survey of the vegetat¡on in a central ,"gìon of

the Mt l4ary study area.
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Figure 50. The resu'lts of 2 x 2 cont¡ngency table tests for

association between pairs of plant species in a central région

of the l.'lt Mary study area. 55 spec ies were incl uded in the

survey but only those that were adequately represented in the

data are shown.

+ significant positive association

- significant negative association
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Figure 11. Patterns of association between plant species in a

cen,tral region of the Mt Mary study area. S¡gnif icant positive

associations (at the 1% level) are shown by the continuous

lines while significant negative associations (at the lZ

level) ar". shown by the broken lines.
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Tabl e 24

A ìist of plants coìlected in the Mt Mary Study Area.

1.

2.

3.

4.

5.

6.

7.

B.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21 .

22.

23.

2\.
25.

26.

27.

28.

Kochi.a sedifoLin (nlue Bush)

Lycitnn austraLe

}æaLis eornicuLata

Brachyseone gramíneae

Scaeuola spùneseens

Chenopodiun cristatwn
Bassía uentr,'Lcosa

Koehi,a breuifoLia
SaLsoLa knLi

Atr ípL eæ rVng odio ide s

VeLLeia paradoæa

)Leayia ciLiata
Pr o stanthez'a stv'íatif Lora

HeLiotropiwn eut opaewn

SoLanum esuz,iaLe

Itu ehL enb e ekia eunnirqhøn í
CaLotis rruLticanLis

Nicoti.ana. g oodsp eedii
Er ernophíLa st æruLata

EnehyLaerm tomentosa

Atz,ipLeæ nhagodioides ( g)
Bass¿a paz,adoæa

WahLerLbergia sieberí
Geíjera LinearífoLia
Goodenia subíntegra

ZygophyLLwn sp.

EremophiLa shptii
EremophiLa opp o s itíf oLí.a

BLenodia trisecta
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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 f rogs in the area. A pilot f rom Rossair f le\^/ 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 nnp, see figure 52. Some parts of the study area had been

extensively cleared - particularly.near Mt Mary. lt v',as 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 extenriu. op.n areas but these are not due to

the action of man.

Vegetation does not occur' in neat readily del imited 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 everlap occurred,mallee scrub was found on the ridges and

plants characteristic of the other corruïunities grew in the valleys along

drainage I ines. This division probably reflected a change in substrate, see

5.33 below.

lf the boundary of the mallee scrub is compared with the tick boundar!,

some association is evident, see figure 53. Anb. Linbatwn "r" ,"rely found

i ns i de the ma I I ee reg ion. Howev,er Ip. hydrosatu'i extends out f rom the

mallee 2 to \ km in places.

lf the change in vegetation were responsible for the tick bounåary ¡t

might achieve this effect in a number of wàys. Perhaps the nature of the

vegetation influences the avai labi I ity and suitabi I i 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 Mal lee scrub.
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Figure !1. The positions of the tick distributional I imits

(Ap. hydrosauz.i and Amb. Linbatwn) and the boundary of the

Malìee-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. D¡fferent

vegetation types might also remain succulent for different periods of tinre

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 I have

not uncovered any predators'of the ticks.

Despite the correlation, tick distribution and vegetation might not be

causally related. lt may well be that they are both due to the action of

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

5.33 Soi ls

One would suspect the abrupt trans ition from mal lee plant communi ties

to the more arid,communities near Mt Mary to be due to changes in weather

or soiJ type or both. Specht (1972) points out the close association

between soi.l type and plant commun i ties in South Austral ia.

Boehm (tg4O) noted that the area near Bower and Mt Mary \^ras

characterized by "chocolate-brown loam" soi ls "with nodular travertine I ime-

stonerr. He observed that flat areas had similar soil w¡thout the limestone

nodules. Jessup (tg48) made similar generaì comments on the region.

Examination was made of the work of Northcote (lggO, 1968) and

Stephens igeZ) and of soil samples and soil prof i les in the area. The

predominant soil was a brown caìcareous earth categorized as solonized brown

soil by Stephens (1962),and as Gcl.t2 and Gcl.22 by Northcote (1968). ln

sorne areas there were patches of crusty loams with red clay beneath;

Dr 1 . 13 and Dr 1.33 .(Northcote 1968) . There were depos its of kunkar

particularly on ridges where soi I was shal low. ln drainage I ines al luvial,'

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

con tent .

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 Myoporun pLatycanpwn and Casuarina cristata were

dominant rnembers, \^/ere found in soils with fewer kunkar deposits and

higher clay content.

Thus the soil type, vegetation type and tick boundaries are to a con-

s iderabìe degree coincident. The soi I type might wel I be important not

onìy in influencing vegetation as pointed out in 5.32 above but directly I

influencing the characteristics of the ticksrmicrohabitats when off the

hos t.

5.3\ l./eather

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 possibility 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 rainfalI of ìess than 250nrn

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 1g7Ð is shown in figure 54. ln 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 ti'ming. Sorne years, e.g. 1967 and

1972, were drought years with I ittle rain, and the rain that did falì was



Figure !4.' Towns and homesteads from which

were obtained. The average yearly rainfal I

(m.r.) is shown for each site.

rainfall records

from 1 963-1972
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Figure 55.

Each poi nt

Rainfal I records for Morgan and Bower, 1967-1973.

represents the total rainfall over a A-week period.
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Ffgure 56. Rainfaìl records for rì,/ongar and Dreckow's

homesteads (see fig. 53). Each point represents the totaì

rainfal I over a 4-week period.
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Figure l/. Rainfal I records for Bundey Bore and

(see fig. 53). Each point represents the total

a 4-week per i od .
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too rnrideìy 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 usual ly be greater than evapotranspi ration. Trumble suggests that the

latter is from a fifth to one-half of the former. He also estimated the

percentage drought frequency of these areas, i.e., "the number of years in

a hundred in which the season of continuously eff'ective rainfal I is less

than 5 monthsrr. Under this systen95% of years at Morgan are cìassified 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

agr:iculture. However it does give a measure of the relative aridity of

different areas.

It seemed that the ratio of rnean annual rainfal I (n) to rnean evaporation

(f) may serve as a measure of thetraridity'of different sites. Accordingly

I used the data of Trumble (tgtlg) and these are shown in figure 58. ln

this figure values for Florieton, Bower and Mt Mary do not appear ¡n

Trumble (1948) but have been estimated.

It can be seen that ^4p. hydrosatni I ives in areas where R/E is less than

.13. Florieton and Morgan have simÎ lar R/E values yet Ap. hydrosaurí

survives near Morgan but not near Florieton! lt seems that raw data on

annual rainfal I and evaporation "r" un.nl ightening by themselves.

Morgan and Florieton have simi lar 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 Morgan is near

the River Murray and this might result in slightly higher humid¡ties nearby.



'a

Figure !8. Ratios of mean annual rainfal I (n) to mean

evaporat¡on (f) in the Mt Mary area anil surrounding sites.

The height of the bars represent the s ize of the ratio.
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Slatyer (1960 a and b, 1962) and Specht (tglz) show that soiì types

influence the amount of surface runoff, penetration by water and evaPora-

tion in an area. Some soi ls are reìatively impermeable while others allovl

rapid and deep penetration by water. Some soils have a greater water holding

capacity than others. Thus, although t\^ro areas might have simi lar annual

rainfall and evaporation, the microhabitats of organisms on or near the soil

might vary greatly in humidity. The soiìs in the study area are discussed

in 5.33.

It must also be noted that in the Mt Mary area rainfalì and evaporation

vary from month to month and rainfaìl fluctuates from year to year.

Evaporation seems to fluctuate throughout the year in a more regular

fashion. Fi gure 59 shows evaporation values for Morgan (from Trumble 1948).

Rayson (195il and Specht (1972) discuss variations in rainfall,

evaporation and humidi ty 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 the.

boundary.

ln 3.40 the abil ity of the ticks to obtain water f rom the .air was

discussed. At relative humidities of 82-852 and above, Ap. hydtosatui and

Anb. Linbatwn can, at normaì temperatures, more than match evaporative

water loss by this method. lf relative humidity faìls below 80% they lose

water and wil I in time die, Ap. hydz'osauri 6eing more Prone to death in

these circumstances than Anb. Lintbatun. Might it be then that in the

study area the northern I imi t of Ap. hyd.xosauri is set by such a change in

humidity? lf evaporation increases and rainfall decreases steadiìy across

the area and soil and vegetation types change rapidly, then the humidity of

nrost of the t icks' mouì t ing microhab i tats on the northern s ide of the

boundary might be too low for too long. This change might Prevent the

tick from ìiving north of the boundary or from successfully competing with

Anb. Limbatwn in that area. See Chapter 7 for further discussion. The



Figure 59. The ilistribution 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 Mary area are not precise enough to

al low close examination of this hypothesis.

0sborn et al. (tg¡S) pubìished data on the KoonaÍìore vegetation reserve

which is 200km north of Mt Mary but has similar weather - about 2!mm 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 802 - even in

February this happens for an average of 3.9 hours per dayl Ticks off the

host are buried in leaf litter or in cracks in the soil (see 3.3411) which

arefluctuating in moisture content between rains and the air around them

fluctuates in relative humidity with temperature. lt is evident that

rrpasures of tick resistance to desiccation under constant.. laboratory

conditions do not reflect alì aspects of the real situation 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

ene rgy rese rves .

Osborn et aì. (tg¡S) point out that semi-arid regions of South

Austral ia experience th,o hrel l-marked seasons, a cold season f rom April to

September and a hot season from October to March. 'At Koonamore the mean

npnthly maxima during the hot season ranged from 260 to 33oC and during the

cold season from 15o to 21oC. During the night temperatures drop markedly.

The mean diurnal range at Koonamore was 16.|oC. Soil temperatures would

f luctuate Íìore widely than the air temperatures. During summer soi I

temperatures ar Mt Mary often exceed 50oC (¡n ¿irect sunlight) and 35oC (¡n

the shade). Thus ticks in their microhabitats off the host might experience

fluctuations in temperature different from those observed in ai r temPerature.

5.35 Hos ts .

B-oehm (1943) I isted reptile species found in the Mt Mary area.

listed alì the species which I have found and examined in the area,

which has not been found during the present study. - lt is the carpet

He

plus a snal

snake
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,tPython spiLotest' (MoreLia spiLotes) wh ich Boehm recorded as being rare.

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

bear ticks in sonre 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 24.

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 spec ies No. carry-
i ng both
tick spp.

Tz'. vugosus
(sleepy lizards

44

)

A. barbatus
(Bearded dragons)

V. gouldíí
(Goannas)

Pseudonqja sp
(Brown snakes)

There is no doubt that ?r". rugosus is the npst abundant host at Mt

Mary (see aìso 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 I izards were most of ten found to shelter under l,ow spreading

bushes such as the blue bush (Kochia sedifoLia). These bushes were found

on both sides of the boundary and d¡d not appear to differ consistently in

carrying
hydrosauri

No.
Ap.

No. carry i ng
Anb. Linbatwn

No. not.'
carryi ng
either
tick spp.

Total No.
Ca ugh t

\26

33

6

2

160

2

2l+1

7

1

2

69

2\

5
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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. ln 5.20 above

attention was drawn to the ìack of Iizards in certain areas. Most Iizards

were caught by driving along track5 until they were seen, active, crossing

the road. lt was therefore possibìe to use these capture records to computè

indices of relative abundance. As high numbers of lizards were only found

in spring and summer only'these data are useful. The numbers of lizards

caught per kilometre per trip on sections of road were calculated. 0nly

trips over.a road on a day when lizards were active were counted and then

only after the first had been observed.

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

relative abundance indices of Tr. v,ugosus on the numbered roads.

Table 25

The numbers of Tt,.'z,ugosas caught per kilometer per trip on the roadS shown

in figure 60.,

Road No Spr i ng-Summer
1973/1974

0
0
0
0
0
0
0
0

1

2

3
4

5
6

7
B

.10

.06

.25

.13

d¡fficulties associated with using these data, becäuse ¡t is

to Ë¡me trips so that lizards have equal chances of being

occasion, and the activity of the I izards also varies

day. However some indications from table 25. are probably

generaJ decreass in numbers seen during 1)J2 and 1973 was

2

There are

very difficult

active.on each

throughout the

rel iable. The

Spr i ng-Summer
1971 /1972

Spr ing-Summer
1972/ 1973

0
0
0
0
0
0
0
0

.52

.16

.2.7

.32

.11

.21

0.32
0.18
0 .17
0.03
0 .05
0.17
0.20
0.05



Figure 60. Roads (numbered 1 to 8)

on which estimates were made of the

I izards , Tt,. i,ugosus.

in-the Mt Mary study area

relative abundance of sleepy
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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 night also have caused numbers to

decrease. The heavy flooding rains of 1973 inundated large tracts of land

and this probably caused I izards to disperse. Aìso during drier years

lizards may cìump 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 ¡n turo different areas may change

from season to season. Thus i.t was impossible, in view of these fluctuations.,

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'theie were at least l5 l¡zards per

hecta re .

ln 4.40 data were presented on the movements of sleepy lizards. lt was

suggested that they do not move very far but occupy a smaì I home range.

Juveni le I izards 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 I izards were recaptured. Four were recaptured

one year after the first 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 ev,idence gathered during the study at l4t Mary which

suggests a change in lizard behaviour across the boundary although I

obse'rved 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

transitíon 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 pósition 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 ticksrdistribu-

tion is the result of interspecific interactions between the ticks or that

each finds conditions unsuita.ble on the other side of the boundary because

of a change or changes in some environmental factor or factors.

Ap. hydt,osauri may well have its northern boundary determined by its

inability to withstand arid conditions or to compete with Anb. Linbatwn

in such conditions.' This depends upon changes in weather and soil typq

which result in humidity of the ticksrmicrohabitat off the host falling

below B0% (nH) for too long. As the ticks have low vagility,such conditions

need not occur every season but perhaps only every few years. I did not

detect movement of the boundary during the study. lf animals of high

vagility were in such a situation then the distribution limit should fluctuate

in an area h,ith variable weather.

It is more d¡fficult to postulate a factor which might prevent Amb.

Linbatwn from surviving'further south. lt is difficult to bel ieve that

increased moisture u,ould k¡ll the tick - in fact the soils.south of Mt

Mary are more permeable to water. ln the first season of study it seemed

that there were fewer hosts south of the boundary and dhat 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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breather m¡ght retard development of Arnb. Linbah.tn much more than Ap.

hyd.rosawi - indeed the Pt Gawler enclosure observat¡ons (in sect. 3.3)

support th¡s 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 necessary to

design and carry out experiments in the ìaboratory and field. These are

described in chapte.r 6.
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6.OO TESTING THE HYPOTHESES

6.10 lntroduction

The data gathered in the present study, and those of Bulì (tgZO), Smyth

(lglÐ and Buìl and Smyth (lgll), show that the distributions of the three

ticks are generally parapatric with very little overlap, and that thei r

comflìon boundaries seem to l.! e along ecotones. Certainly these observations

are accurate for the boundary between Ap. hydrosawi and Amb. Lítnbatwn at

Mt. Mary. ln order to uncover the reasons for the,small degree of overlap

between the ticks along ther''r long boundaries, it was necessary to des ign

and perform the experirnents described in.this chapter'

ln chapter 1 it was noted that two sorts of hypotheses can be advanced

to explain the distributions of the ticks or of other pairs of organisms with

'simi lar parapatric distributions. One of the hypotheses is that the ticks

interact in sonre way to excìude. each other. The other hypothesis is that

environmental changes, other than the presence of the other tick, across the

boundary make it impossible for each tick to survive on the other side.

- lf the second hypothesis is correct, and competitive interactions between

the tick species are not involved, then the distribution l¡mìts of the ticks

might be determined by other species of organisms or by physicaì and chemicaì

factors. lf other species are involved they might be, for example,. hosts

(see 4.50) or predators, pathogens or parasites (see 3.50). Physical and

chemical factors have been shown to. limit the geographical range of many tick

species (see 2.30). Krebs (tgZA, p.20) points out that in studying these

abiotic factors ecologists' major "conceptual toolrris Liebigsr Law of the

Minimum, namely that - .'rthe distribution of a species wiì ì be contr;ol led by

the environmental factor for which the organism has the narrowest range of

adaptabi lity or controì". This "Law'r is of course a simpìification, since
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several factors may interact. Such studies requi re that data be accumulated

on the tolerances of organisms to a range of environrnental variables. Some

such data are presented in Chapter 3 but more are presented below. However

to test the hypothesis adequately and to explore fulìy the causal factors

invoìved in determining distribution ì imits, experimental manipulation of

organisms in the field is essentiaì. Such a test is described in 6.30 below.

Theories which involve the suggestion of interspecífic interactions ìeading

to one species excluding another have been the focus of considerable debate,

and at times acrimony, among ecologists. The first hypothesis, above,

belongs to this category. lt appears appropriate then to bri.ef ly review

thi.s area of ecological theory, i.e., the "competitive exclusion principle" -

that "complete compet¡ tors cannot coexi strr (Hardi n 1 960) .

The developnrent of theory in thi s area has progressed through four

phases. The fi rst phase involved observations on natural populations of

organisms and attempts to construct general principles from them. Another

development came f rom at.tempts to model mathematical ly the growth of

populations and interactions between popuìations. These modeìs, or aspects

of them, were tested in a series of controlled experimeñts in ìaboratories.

The fourth phase, which met success many years later, has involved experi-

rnentation on natural populations in the field

A number of biologists had, during the late nineteenth and early

twentieth centuries, made observations on the relati.onships between simi lar

species of organisms, and to different degrees anticipated the idea of

conipetitive exclusion. These biologists included Darwin, Grinnel I and

Monard (Krebs 1978). These ideas were forceful ly expressed by Gause (tg¡4)

who suggested that two similar species ìiving in the same area rarely occupy

similar niches. He used the term niche in the manner defined by Elton

(tg,Z7^p.63) to mean an animalrs "place in the biotic environment, its

relations 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 possession of "peculiar kinds of food

and modes of life in which it has an advantage over its competitor".

Lotka (1925, 1932) and Volterra (gZe, 1931) independently derived

equations which were extensions of the Verhulst-Pearl logistic equation and

from which they concluded that two species of animals iannot exist in the

sarïìe area utilizing the same resource indef initety. Gause (tgf4) 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 laboratory experirnents which it was claimed conf i rmed

the competitive exclusion hypothesis. 0ther workers also performed similar

experiments wi th mixed populations of various smal I laboratory organisms

and reported support.for the hypothesis (".g. Crombie 1945, and Park et al.

1941)

A number of controversial issues arose from this hypothesis and many

disagreed with its importance. lt was noted by some that many closely-

related species are sympatric (Kreb's 1978). Others criticised the Lotka-'

Volterra equations as being too far removed from reality. For instance

the equations have rates of popul at'ion gro\^rth and coef f i cients of competi -

tion which are constant, whereas in nature these factors do vary (eianka 197\).

Andrewartha and Birch (tg¡4) were strong. critics of the competitive exclusion

principle, which was then called Gause¡s hypothesis, and detai ìed the short-

comings of the equations. They and others also strongly criticised the

laboratory experiments of Gause and his successors. These cri ticisms were

¡/ reviewed by Miller (1967) who noted that the proponents of the competitive

exclusion principle overlooked the importance of the many exPerirnents in

which species did coexist.

Another problem.associated with this controversy was in defining

ffnicherr. I have mentioned the definition of Elton (lgZl) which concerned the

"role" of a species; honvever others (".S. Grinnel I 1917, in Udvardy 1959)

saw niche as a subdivision of habi tat. Later Hutchinson (tgS8) presented
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hi s famous concept of ni che as an N-dimens ional hypervoì ume. Hutchi nson's

niche possesses so many possible parameters that ¡t is impossible for two

species or even two individuals to pccupy precisely the sarlìe niche. This

had been deduced earlier. Gilbert et al. (lgSZ) 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. lf similar species coexist, then the principìe requires that they

occupy different niches. Vlhen such species are examined long enough,

differences in niche are found. \^/hilst this may be upheld as evidence

confirming the principle, it is inevitáble, given that they are different

species. Thus, critics argue that the principìe is.trite (Cole 1960).

Andrewartha and Birch (lg¡4)'\^/ere concerned about the term rrcompeti-

tionrr.as its popular use was not compatible with its technical, ecological

nreaning. They also doubted that competition was as important and widespread

in nature as some had supposed. Bi rch (tgSl) later defined competition:

'rcompetition.occurs when a number of organisms util ize comnþn
resources that are in short supply; oF, if the resources are
not in short supply, compet¡t¡on occurs when the organisms
seekíng that resource nevertheìess harm onè another in the
process . t'

This definition incorporates tr,,ro types of competition, "expìoitation" and

rri 
n te rfe ren ce" .

The competitive exclusion p'rinciple thus attracted severe criticism

and almost blind acceptance. Cole (1960) saw it as a "trite maxim'r, while

others saw it as a central tenet of ecological theory (Hutchinson and Deevey

1949). Many of the arguments concerned semaniics aild the usefulness of

apparently untestable theories and over-simplified models. Pianka (tglt+)

suggests that ecoloi,ra, now should examine closely-related species to see

how much ecological overìap they can tolerate

Field studies have shown that competitive exclusion can occur. ln

particular it has been demonstrated thât parapatric distributions with

little overlap may be due to competitive interactions. Connell (lget)
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demonstrated with a series of f ield experi.ments that two species of

barnacles which occupied abutting areas in intertidal zones competed for

sPace on rocks. Balqnus baLanoid.es excluded ChthønaLus stel\atus from a

Part¡cular region by crushing or undercutting the smal ler, slower-growing

Öhthønalus wh i le growi ng. Others have provi ded s imi ìar demonstrations of

competition between species, e.g. Jaeger (1970, 1911) with salamanders, and

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

Smyth (lglÐ points out that in the documented cases of competitive

exclusion, the form of competition is usually direct physical interference

and aggression, e.g. Miller (1g64). lt is d¡ff¡cult.to see how the ticks

in this study could so inte,rfere with each other, or how they could compete

through exploitation. Ticks off the host are, i t seems, dispersed in

nuÍìerous aggregations in I ízard shel ters and the available microhabitats for

detached ticks can hardly be in short supp"ly. lt is aìso uhl ikely (see

Chapter l) that feeding sites on lizards are in short supply. At low lizard

densities there m.ight be a relat¡ve shortage of hosts but seldom an absoìute

shortage (see Andrewartha and Browning 1961 for definitions of these types of

shortage) . Smyth (lgll) suggested that the ticks mi ght, somehow, adversely

influence one another through the host's immunoìogical system. Bul I (1969)

advanced the hypothesis that the ticks might compete for mates at the

boundary. Colonizing g ticks would be most likely to meet ddof the other

species. Now if these 6l mated with such gg or h/ere attrected to them and

thus blocked them from conspecific maìes, colon¡r"t¡on across the boundary

wouìd be inhibited. But wouìd it be stopped?

The above discussion of the development of theories concerned with

competitive exclusion and previous comments on the range of other possible
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causes of the parapatri c distributions show that ul timately one must

test hypotheses experinrental ly. This chapter describes detailed experiments

designed to determine whether the narrow zone of overlap between Ap.

hydrosautí and funb. Lirnbatun could be due to interspecifi'c competition (the

fi rst hypothes i s) or to other factors (the second hypothes i s) . I f Ap.

hydrosauz"L and Amb. Limbatun do compete on hosts for attachment s i tes,

or in some other way, then ticks in mixed batchës on lizards should differ

in development rates or mortality from ticks in singìe species groups.

ln the fol I owing expe riments in the I aboratory and f i.el d these o"r"råa"r,

were compared for mixed and unmixed batchås of ticks. lf the second

hypothesis is correct then the deveìopment rates or mortality of the ticks

should vary when exposed to the variable involved. lf ¡t is a physical

or chemical factor, such as temperature or humidity, then the different

tolerances of the ticks should readily be uncovered by exposing them to

a range of such conditions in the laboratory. The identification of the

causal factor, however, requi res observat¡ons and experiments to test the

hypotheses in the fieìd

6.20 Laboratory Expe riments

The ticks readily survive and pass through their life cycles in the

laboratory (see 3.3\Ð, although some difficulty was found in inducing them to

mate. lt was therefore possible to test in conctroì ìed condi tions the

hypothesis that they compete. All the experiments reported here were

conducted in a room in which the temperature and light were controlled by

airconditioning and 250 watt heat lamps. The ìights were switched on and off

by a tine switch urhich was set to a 12 hours dark:12 hours light cycle. Room

temperature cycled f rom 32oC (¿"y) to 18oC (n¡ght). Lizards, Tr,. Tqosus,

were housed in cages on trays as shown in appendix 2. The room was visited

qnce each day during the experinrents and.the lizards were fed on every second

day, Engorged ticks, taken from the.trays beneath the Iizards, were stored in
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controlìed-temperature cabinets at 25oc in the dark at 852 RH' 0n each day

ticks from an individual lizard were put into one vial - thus ticks from

mixed batches were also mixed in vials.

It was possible that the ticks might respond differently to I izards

which had previously experienced them than to lizards which had been

parasitized by another species. Thus each experimentaì group included

lizards which came from different sides of the boundary at Mt.Mary. Thus

of the 12 lizards used in each experiment, 6 had had prior experience of

Ap: hydrosauxi añd 6 had had prior exPerience of Arnb. Linbatun. The

I izards were deticked before the experimejnt began. Table 26 summarizes the

design of the experiment

Table 26

The design of laboratory experiments to'test the hypothesis that.4p. hyfu'osaurí

and funb. Limbatwn compete. Each ìizard was infested with an equal number of

ticks, H' Ap. hydr:osauu'i or L'Anb. Linbatwn

G

i xedc

Hostts
previ ous
exPos u re
to
ticks

H+L/l izard

H+L/l izard

Experiments were begun by infesting l2 healthy adult lizards,4 in each

group of which 2 were former hosts of Anb. Linbatun and 2 were former hosts

of Ap. Lrydtosaw,i. The success of ticks and the ratei of development could

be compared between the groups for each species and between the hosts

within groups. Tab le 27 summa rizes tne variables which could be observed

to make the comparison; note that'not all variables were used in every

experiment

controlBA (control )

2H/ I i zard

2H/lizard

2L/ | izard

2L/ I izard

ATnb. Línbatwn

ap. ,hydrosauæ¿
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Possibìe

order to

(1)

(2)

(r)

(4)

(s)

( 6)

Measurements of

co{npa re cont ro I

The proportion

The proportion

The time taken

The weights of

The t ime taken

The proport ion

Table 27

the development of the ticks of each species in

and exper imenta I groups.

of ticks which fail to attâch to the host.

of ticks which fail to engorge and detach.

for ticks to engorge and detach.

engorged t i cks.

for ticks to moult.

of ticks which fail to moult.

The first experiment was performed w¡th LL. Each I izard was infested

with 400 LL - a high but not uncoiTmon number to be found on I izards in the

f ieìd. ln the mixed species group, I izards were also infested \^/¡th 400 LL

200 f rom each species . fhe Ap. hgd.r,osaw,zl LL comprised equal proportions

of the progeny of two fi, one from Buck'land,Park collected on 18/1/72 and

one from the Cleve area,colJected on 29/11/71 . -lhe Anb. Límbatwn LL were

all progeny of a g from Mt.Mary,collectèd on 25/1/72.

The lizards were placed in individual calico bags and vials of counted

LL were empr¡ed inro bags with them on 13/\/72. On 16/\/72 the lizards iere

placed in their numbered cages which were randomly located in two rows in

the experiment room.

The LL left in the bags were counted. These were scored as failing to

attach as were the few unengorged ticks which appeared in the lizard trays

on the first three days (lllt+llZ - 19/\/72). The numbers of LL which failed

to attach were compared for each species between control and mixed grouPs,

and between groups of I izards which had experienced different hosts. As

the mixed group lizards received only half'as many LL of a particular

species as the control group lizards, the numbers in the former group were

doubled in order to make the comparisons.

I\,
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These data were analysed using two-way analysis of variance - see

Sokal and Rohlf (lg69,chapter 11). The raw data and the two-way anova are

shown in tables 28 and 29.'

Table 28

Differences in the numbers of out of 4OO Ap. hydtosauri LL that failed to attach

to each òf 8 sleepy lizards,Ir. rugosus. The datá are classified in'two ways, by

prior host experience of ticks (of funb, Linbatwn (Li) vs experience of

Ap. hydz,osautí (Hv) )and presence or absence of Anb. Línbatun LL (mixed vs

control ) .

Hosts

Hy L¡

Cont rol

Mixed

Completed anova

2\
10

2\
1B

33
18

26
44

Source of variation df SS MS F

Between rows
Between columns
I nteract i on
Error

I
'l

'l

\

91 .12
253.12
.15 .13
390.5

91 .12
253.12

15.13
97.63

0.93
2.6
0.15

NS

NS

NS

Tota I 7 749.87
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Table 29

Differences in the numbers out of \00 Anb. Limbatwn LL that failed to attach to

each of 8 sìeepy lizards, Ir. Tugosus. The data are classified in two ways, by

prior host experience of t icks (of Ap. hydtosaut'¿ (HV) vs experience of

Anlb. Linbatum (f ¡)) and prebence or absence of Ap. Vtydrosani LL (mixed vs

control ).

L¡

Control \3
52

Mixed 2\
22

Compl eted anova

Source of va r i at ion df ss MS F

Hy

79
31

114
122

Between rows
Between columns
lnteraction
Error

1

I
1

\

7\2.12
5253.12
3827.13
1226.5

7t+2.12
5253.12
3827.13

306.63

2.\2 NS

17 .13 :t:k

12.\8 i:r

Tota I 7 . 11048.87

Table 28 shows no signif icant vari-ation in failure to attach by Ap.

hydt,osøtri lL,no matter what prior experience the hosts had had of ticks

rorwhether Anb. Linbatwn LL were present or not. However table 29 shows

two significant sources of variation. Significantly more Anb. Linbatwn LL

failed to attach to hosts that had previously been exposed to Ap. Ltyfu'osauri

than to hosts that had borne Amb. Li.tnbatun LL. This result, if repeatabìê,

suggests that the ticks might interact via the host! However there was a

s ignificant interaction component in the table. Thi s impl ies that pure

infestat¡ons (control) are more I ikely to attach than those i'n mixed infesta-

tions onto I izards that have experienced.4p. hyrfu'osauri,and that the opposite

relationship holds on I izards previously exposed to AInb. Linbatwn.
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ln the same experiment similar analyses were performed on the

percentages of attached ticks which engorged and detached and the percentages

of engorged ticks which succeeded in moulting. Most ticks detached in 20

days but some lingered unt¡ì l0 days - see section 3.3\21 for patterns of

detachment. The Anb. Linbakm moulted more rapidly than the Ap, hydrosauri -

see section 3.3\t3 for the description of moulting times. The percentages

of ticks which passed through the various stages are represented for each

host i n f i 9u res 61 and 62,.

ln order to perform the two-way analyses of variance on these.data ¡t

was necessary to perform'an arc-s"i.ne transformat ion (Sokal and Rohlf 1969

p 386). This was required because percentages are not distributed

normally and have variances related to their means. The data in tables 28,

and 29, though not percentages, are not compìetely compatible with the

assumption of normal ity. But the assumption of normaì ity seemed approxir"t.ty

true,and Sokal and Rohì f (1969, p 37Ð indicatelthat departures have little

i nf I uence on anova

Summaries of the analy,ses on the data graphed in figures 61. and 62 are

shown in table 30.



Figure 61. The percentages of LL in the first experiment

which attache'd, engorged and detached on 12 sìeepy I izards

Ir. Tugosus (numbered) and the numbers which then rÊnoulted..

Lizards 1 to 4 were each infested with 400 ap. hydrosatæi LL.

Lizards 5 to 8 were each infested with 4OO Arnb. L¿mfuüfi; LL.

Lizards 9 to 12 each received 200 LL of each species.
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Figu.re 62. Percentages of LL in the f irst experiment complet.ing

parts of their life cycle on each of 12 hosts - as described in

f igure 60. The grïl_.t. bar gr.aphs for each,host shows (from

left to right): The, percentage of LL which attached to the

host, the second bar shows the percentage of the attached LL

which engorged and detached, the third bar shows the percentage

of .the detached LL wh i ch mou I ted.
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Table 30

Summary of tv',o-way analyses of variance on :-

1'. the percentages of attached LL that engorged and detached, and on

2. the percentages of engorged LL that faiìed to moult.

The percentages shown in the table required arc-sine transformation for

analysis.

Hy - host had had prior experience of Ap. hydrosauti.

Li - host had had prior experience of Atnb. Limbatwn.

C - control group of LL.

M - mixed group of LL.

Ap. h!.ldyosa1,Lri

1. Hy L¡

68.4
3\.6

t+5.7

4g.z

28.3
50.0

28.2
2\.1

Control vs mixed
Host prior experience
I nteract ion

L¡

c

M

c

M

NS

NS

NS

2
Hy

7.1
15.2

23.7
30 .8

l0 9
I3

12.1
20.9

Controì vs mixed
Host prior experience
lnteraction ,4) = 8.89 ,k . 01 <p< .025

NS

l{'
Anb. Linbaünn

Li

36.7
29.3

25.2
22.\

9 8
621

48.4
25.9

Hy

c

M

Control vs mixed
Host prior experience
I nteract i on

NS

NS

NS

(cont. on p '120)
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Table 3O (Cont'd. )

L¡

c

M

Hy

6.t
2.6

3
2

I
1

11.0
3.3

10.1
11.0

Control vs mixed
Host prior experience
lnteraction

NS

NS

NS

The single significant component in table 30 concerns the influence of

the prior experience of host.s-on the mortality of Ap. hydrosawzl LL mouìting

to NN. ln fact. a significantly higher percentage failed to moult'that had

engorged on I izards which had experienced Anb. Linbatwn previously!

The time taken for the LL to moult was also measured. ln this case LL

in the mixed group engorged and lived in vials with the other species. The

mean times to moult of control groups were compared with mean times for

mixed groups. These ¿"i" 
"Èe 

presented in table 3l below. The comparison

of means is that described in Bailey (1959, p 35)

Table 31

A comparison of mean times to moult (in days) af Anb. Linbatwn and Ap.

hydrosaur"L LL from control and mil"d Sroups. The means (f) are of the data

pooled for each group. Standard errors of rneans (SE) and sample sizes (H)

are a I so shot,ln. Compar i son of means as in Ba i I ey (lgSg, p 35) .

Ap. Twdtosatæi

SE

N

ñ
SE

N

Controì

14.s1
0.08

\25

Control

10.05
0. 05

258

Mixed

14.37
0. l9

86

AÌnb. Linbatun
M ixed

I 0.53
0.11

129

Comparison of means

d = 0.96 Ns

Comparison of means

d = 3.69 :r p<.001
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Here again there was a significant result in that Amb. Limbatwn LL took

longer to moult in the Presence of Ap. hyd.r'osatni. lt was also found that

Anb: Limbøtwn LL took longer to moult if they had engorged on lizards which

had prior experience of Anb. Lìnbatwn The rnean time to moult for Atnb.

Limbatun LL from ìizards that experienced Arnb. Línbatumwas 10.\2 t 0.10 (days)'

and the mean time for those f rom I izards formerly hosts of Ap. hyd.z'osaut'i

was g.96 I 0.05 (¿ays). Comparison of ÍEans gave d = 3.8 (9.0.001).

The results of this experiment suggest that the ticks might interact in

sorne way possibly via the host. The experiment was repeated.

' The second competition expeiiment was designed in the same way and

pe rf orrned unde r the sarne cond i t ions as the f i rs t expe ri ment

The Ap. hydtosaur"L LL were Progeny of 2 ç9 collected at Pt.Gawìer

which detached on 31 /3/72 and 1/\/72' The Anb' Limbatwn LL were f rom 2 99

col lected at Mt.Mary juring Decembe r 1971. The LL hatched during February

1972. The proportions of tTcks completing stages of development are shown

in f igures 63 and 64. one of the I izards in the Ap. hyd.t'osauni control group

died soon after the experiment began'

As in the previous exPeriment' two-way analyses of variance were

performed on the data for funb. Linbatwn LL, see table 32.



Figure 63. Thei percentages of LL in the second experiment which

attached, êngorged and detached from l2 sleepy lizaräs

Tr'. Tugosus, (numbered) and the numbers which then moulted.

Lizards 1 to 4 were each infested with 400 Áp. ?tydtosawi LL.

Lizards 5 to 8 were each infested with \00 Anb. Limbatun LL,

Lizards 9 to 12 each received 200 LL of each species.
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Figure'64. Percéntages of LL in the second experiment comp'letiirg

parts of their life cycles on each of 12 hosts - as described in

figure 63. The group of bargraphs for each host shows (from

left to right): The percentage of LL which at.tached to the

host, the percentage of the attached LL which engorged and

detached, and the percentage of the detached LL which moulted.
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Table 3

Summary of two-way analyses of variance on data Amb. Linbatwn LL, in a

second experiment of design shown in table 26

1. The number of LL that did not attach.

2. The percentages of attached LL that engorged and detached.

3. The percentages of engorged LL that failed to moult.

The percentages shown requi red arc-sine transformation for the analysis.

Hy - host had had prior experience of Ap. hydtosauri

Li - host had had prior experience of Atnb.. Limbatwn

C - control group of LL

M - mixed group of LL

' l. Hy Li

115
63

33
26

8E

76
72
38

Control vs mixed NS

Host prior experience F

lnteraction NS

= 7 .38 'k .025<P< .05

c

M

(1, 4 )

L¡

Controì vs mixed
Host prior experience
lnteraction

Li

Control vs mixed
Host prior experience
lnteraction

The single significant source of variation in table 32 concerns the

numbers of LL which failed to attach. ln this case, as in table 29, the

Anb. Limbatü¡n LL d¡d not attach as readiìy to lizards previously exposed

H2

c

M

3

NS

NS

NS

NS

NS

NS

c

M

I
7

9
59.

\6
36

6
4

42.3
1.2

1

4
56
\6

3

3

4
20.

9.1
3.8

17 .O

50.0
1

2
tq.

I
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to Ap. hydrosauri. The other data in table 32, for engorging and moulting,

show a simi lar pattern but the differences were not significant.

It was evident that there were no significant differences between

control and mixed groups for Ap. hydtosauz,i LL, see table 33 (the data for

the lizard that died are excìuded).

Summary of data on ,4p.

i n tab le 26.

Table 33

hydrosauri LL, in a second experiment of design shown

1. The numbers of LL that did not attach.

2. The percentages .of attached LL that engorged and detached

3.' The percentages of engorged LL that faiìed to moult.

C - control group of LL (¡ lizards)

M - mixed group of LL (I+ I izards)

Hy- host had had prior experience of Ap. hyfu,osaur,í

Li- host had had prior experience of Anb., Limbatwn

Hy L¡

\z

66
I

4
10

Hy L¡

68.9
60. 1

I+l.e

63
6t+

5
3

63.t
55.9

Hy Li

A similar experirnent vvas performed using NN of the two species. Again

12 lizards were used, half having previousìy experienced each species, in

c
I

1l

M

2

3

c

M

c

M

7
9

1

1

6.5

20.
7

6
0

6

0
5

7
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I groups - two control and one mixed grouP. The NN had been raised in

ìaboratory from wild captured 99. 80 NN were put on each lizard (Tr.

thus'in the mixed group, a lizard had 40 NN of each species.

The numbers of NN which failed to attach are shown in table 34.

the

ragosus) ,

Tabl e 34

Summary of the numbers of NN that failed to attach to hosts, f?

Hy - host had had prior experience of Ap. htyd.t'osazæi

Li. - host had had prior experience of Atnb. Línbaturn

C - control grouP of NN

, M - mixed grguP of NN

I>ugosus.

Ap. hldrosatu'i
L¡

M

Atnb. Limbqtwn

Hy L¡

32
7

48
2\

l8
32

0
6

It soon became apparent that the numbers of ticks per host were too high

or that the lizards had contracted a fatal disease. 6 lizards died before

the experiment was 24 days old. One of these died after only 12 days. Half

of those that d'ied belonged to the,4p. hgdrosaw'zl control group and half

belonged' to the mixed group. These deaths ruled out further, meaningful

anal.ysis of the results.

Hy

c

c

M

6
2

2
4

4
0

0

2
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The results in tabìe 34 however do not reveal any differences in

attachment due to prior experience of the host. There is a suggestion

though that the NN attached more readily in the mixed grouþ!

It can be seen in each of the experiments above that there hrere con-

siderable differences between individual hosts. These differences and the

low numbers of lizards per treatment require one to be caut¡ous when

interpreting the results, see discussion 6.40. The numbers of I izards,

though low (tZ per experiment),repiesented cìose to a maximum feasible

number as 48OO lt (in the first experiments) of equivalent agé etc., had tq

be gathered for the experiments.and each experiment entai,led dai ly attention

for up to 80 days.

0bservations were also made on adult ticks which had moulted in the

I aboratory f rom NN used in the prev ious exper iment. I t r^/âs poss i bl e that

they might interact by inhibiting attachment of the other species in some

way or that the {dnight compete for mates in the fashion suggested by

Bul I (1969) - see 6.10 above. Accor.dingly é4 an¿ g1 of both species were

gathered.and divided into 6 groups. The same experimental room was used as

in the exper¡ments reported above. 1 2 lizards were selected from an out-

door enclosure that contained both tick species. The al location of ticks

to I izards is shown in table 35.
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Tabl e 35

Design of an exper¡ment on interactions between adults on hosts, showing

the,al location of adult ticks, Ap. hydrosauri and Anb. Limbatun to 12

Iz,. tagosus on 25/6/73. The lizards were numbered 1 to 12.

Hy - Ap. hydtosaurí

L¡ - Anb. Lùnbatwn

Hvæ
(6llizard)

L¡- 38
(6/tizard)

Hv 6Y
ti tU
(3 of each/ I izard)

Hy

gg (4/l i zard)
L¡

gg U+/tizard)

9
10.

11.

12.

2 (12)

12 (rz)

7
I

The lizards and ticks were placed in calico bags on 25/6/73 and

removed on 3/7/73. The numbers of ticks left in the bags and on the lizards

were counted. These data are shown in table 36

Tabl e 36

The,numbe., oi adult ticks found attached to I izards on 3/7/73. Maximum

possible numbers are shown in brackets.

'Hy - Ap. hydrosauri
' L¡ - Anb. Linbatwn

HY ?? L¡ ?9

ootì

Hy f}a 7 (8)

Liæ 4 (8)

tv,oo

îd
.1/,oo

Hy
L¡

1

2

3
4

5

6

^.t/too 9?

6 (8)12 (rz¡

l o (12) I (8)

z(6) (uv)
6 (6) (L ¡ )

4 (8)5 (8) z (6) (Hv)
s(6) (r¡)
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There were differences between the groups. But as the number of ticks

avai lable was ìow the differences were not significant.

The ticks were left attached to the lizards for a nxrnth and observations

made on the movernents of 66 relative to gg on the hosts. At that time ¡t

was thought that g ticks of these species attracted ðó to them by reìeasing

pheromones. lt was also observed that éd often attach near the gg before

mating which, it was hypothesized, involved a second stimulus. However i t

is now known that dd are very active on lizards at night and may mate with a

g and then attach again some distance away.(Bull pers. comm.). So, although

changes in d position were observed, it was not known where they had

wandered or what they had done

Only one g engorged, an Ap. hydrosaw.i f rom I izard,No. 5 - in the

mixed group. No mating was observed.

The results in tabìe 36, if the differences were real, can be expìained

¡n two ways: Firstly, that .4p. hydtosaw,í ô3 are more likely to attach

to a hos t if Ap.'hydz,osauri g? "re 
present, and/or secondly, that Ap.

hydrosaur"L,óð are inhib¡ted from attaching when.Anb. Limbatwn ?g or óó are

present. An experiment v.,as designed to test these hypotheses. lt consisted of

three treatments. ln one, onlY Ap. hydzosattrL ód were put on a group of hosts.

ln a second, Ap. hydz,osatu¿ 6ó and 99 were placed on hosts. The third treat-

rnent consisted of putt ing Anb. Línbatwn gg on hosts with .4p. hydrosauri Eó.

lf the f i rs t hypothes i's , above, we re correct, the numbe rs of dd attach ing i n

the three treatrnents should be ranked as 2>1=3. lf the second hypothesis was

correct then the ranking should be J<1=2. lf both hypotheses had some truth

we might expect the ranking 2>1>J. Only 36 ðd and 6 ?? from each species

were available and 2 lizards were used in each of the groups.

No ód attached in any group! Such experiments are very difficult to

perform as it takes a considerable portion of a year to breed adults and

then one only obtains low numbers.
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ln addition to the experiments performed in the laboratory to test the

competition hypothesis, observations were made and experiments conducted

which are pertinent to the hypothesis that changes in physical and chemical

characteristics (in the ticksrmicrohabitats) across the tick boundary might

bring about the parapatric distribution. Some of these were reported in

Chapter 3 where the effects of such factors (particularly temperature and

humidity) on rates of development are analysed. Bull and Smyth (197Ð also

looked at some of these matters when they examined water balance in the

ticks (see 3.40).

Summarised in this section are observat¡ons on the survival of

different stages of the ticks in the laboratory under a variety of environ-

mental condi t ions. These observations show di fferences between the ticks

but do not, of course, finally indicate which factors are crucial in the

field. Ultimateìy, hypotheses concerning distribution I imits must be tested

in nature

Bul I and Smyth (tgll) demonstrated that NN of the two AtrbLyoulma species

seemed able to withstand desiccation better than,4p. hydt'osattt'í. lt. is

likely, they suggest, that the relative differences between the species are

similar at all developmental stages. lt is important that this assumption

be tested because in other tick species the evidence from both laboratory and

field work, indicates that eggs and LL often suffer much greater mortality,

while off the host, than NN or adults (Branagan 1973, Milne 19\5 a, Randolph

1975)

Experiments were designed to test the effects of desiccation on various'

stages of Ap. hydrosauri and Anb. Linbattnn. Ticks were offspring of 9?

caught in the Mt. Mary study area wh ile attached to sleepy I izards (Tt. t'ugosus)

These gg engorge'd, detached and laid eggs in the laboratory and the offspring'

were latejr taken through their lifecycles as outlined in appendix 2.

Very low relative humidities (close to OZRH) were obtained in sealed



143.

glass desiccators over a layer of sil ica gel (see I./inston and Bates 1962).

Temperatures \^/ere regulated in a Gaì lenkamp cooled incubator. Ticks used in

the experiment were counted into groups (the sizes of which are detailed

belovr) and kept in small (l+cm) glass tubes with gauze-covered ends, to allow

f ree nrcirvement of air and water-vaPour in and out.

Groups of ticks were exposed to desiccation (OZ ng) for different

lengths of time,while control groups remained in simi ìar desiccators at 852 nH

(over a saturated soìution of KCI - see l^linston and Bates 1962). This method

enables an estimate of the 'dose' of des iccation (¡..". , the tirne of exPosure

to O% RH) required.to kill half of the tick population (the LD 50) - see

Andrewartha (tgZO), chapter 6, for a discussion of this'method.

A,series of attempts were made to estimate the LD 50rs,of desiccation

for LL and NN of Ap. hydtosau.t'i and Amb. Linbatun. ln each case,preliminary

observations were made on ticks at 0Z RH in order to estimate approximately

the time over which the experiment needed to be run. 6 treatments were used

in each experiment. ln each treatment there were 40 ticks Per tube. The

percentage nlortality in eaqh tube was measured at the end of the experiment.

Tabìe 37 shows how such experiments were set up and the data anaìysed. The

part¡cular experiment shown invol ved Ap. hgdt,opau.t'í LL:' in experirnents with

Anb. Linbattm LL or NN or NN of the former species,the time of exposure to

desiccation was longer. The method followed is that expìained by Andrewarth

(1970) , pþ 229-231.

Table 37

in samples of .4p. hydrosat'u,i LL exposed for various

27oc.

-a

The death- rate

periods to 0% RH at

Days at No. of
OZ RH LL

Proportion
Dead

Esti mate of
Proportion ki I led

No. Dead Emprical
Probit

3. 86
\.26
5.03
5 .50
5.58

4o
4o
40
40
40

0
2
4
6
I

10

6
10
21
28
29

. 150

.250

.525

.700

.725

b desiccation

.128

.231

.513

.692

. 718

LDlo'6. I days



1 44.

LD50 val.ues were estinnted by converting percentage mortalities to

probits (see Fisher and Yates 1948), pìotting these against log days and

fitt¡ng'ìines of best fit by eye. These experiments were repeated many times

for LL and NN of the two species. The results are summarised in table 38

below, where LD50's are shown - to the nearest day.

Table 38

LD50 estimates of exposure to desiccation (¡n days at O% RH and 27oC)

for LL and NN of Ap. hydrosaurí and Anb. Líntbatwn. Each estimate is for a

particular-experiment of the tyPe outlined in table 37.

T cks ecles LD50 estimates (days)

Ap. hydz.osatu'i LL

Ap. hyfu'osat'u'í NN

Anb. Limbatum LL

Anb. Linbatwn NN

4, 8, 6

15, 13, 17, l5

6, 12, 12

25, 21, 18, 20

The data suggest that there are appreciable differences between the two

tick species. lt.must be pointed out though that there were a number of short-

comings in these experinrents. Firstly it was impossible to ensure that the

environrnent within the desiccators remained at 0% RH as they had to be opened

from time to tinre so that sampìes couìd be transferred from 0% RH to 85% RH.

Sometimes in moving desiccators some tubes had KCI solution splashed on them.

Such accidents regulted in some samples having to be left out of the analyses.

Bull and Smyth (lglÐ.observed that the survival time at 0Z RH of NN

varied with temperature. They estimated that the rnean survivaì tinre for Ap.

hydrosauri.was 27.3 daVs at 2OoC , 20.5 days at 25oC and 10.2 days at 30oC.

Anb. Limbatwn survived fô r 3t+.2 days at 20oC , 27.8 days at 25oC and 18.8 days

at 30oC. lt is clear that increased ambient temperature decreases the time
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a t i ck can survi ve at I our humi di t i es .

I f t ¡cks are kept in the I aboratory , at RH = 85'1,, for some .ti rne, then

they succumb more quickly when exposed to very low humidities. ln one such

experirnent, where results h,ere very vari able, the LD50 of des iccat ion for

Ap. hyfu,osaw"L LL, which had hatched ! months before, was between 20 and 35

hours. lt is evident that the slow loss of energy reserves in unfed ticks

reduces thei r resi stance to periods of desi ccation.

Bull (lg6g) and.Bulì and Smyth (tgll) also demonstrated that the ticks

lost water less rapidly at higher relative humidities. lJhèn they neasured

the percentage weight. change at a variety of humidities they f,ound that there

bras an 'equil ibrium humidityr above which the ticks could gain water f rom the

atmosphere. These equil ibrium humidities were about 822 and it was impossibl.e

to separate the tick species on this criterion. I have kept unfed LL, NN and

aduìts of Amb. Linbcitwn and Ap. hydrosauti ali.ve et RH = 857. for over a yearl

Attempts have also been made to illuminate the relationship between

survival of eggs and different temperature - humidity regimes. This is a more

d¡ff¡cult task becaus€ one cannot observe when eggs die. The observer must

wait to see if the eggs hatch, or place batches of eggs in the harsh

conditions fôr varying tinies and then back in suitable (control) conditions

to see if they wi ll hatch.

Bull (tg6g) attempted to discover the tolerances of eggs to a variety

of temperaturés and humidities (see 3.3412). Eggs of Ap. hydtosawi were

divided into groups of 100 eg9s, placed in desiccators containing saturated

salt solutions so that appropriate relative húm¡d¡t¡es could be obtained, the

desiccators were put in temperature cabinets (constantly dark). The time

taken for the eggs to hatch \^/as'assessed. No eggs hatched at 0% RH at any

temperature (t5, 20, 30oC) and no eggs hatched at 36oC at any relative
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humìdity (tooz , 75'/,, 55%). I attempted a simi lar experiment witá tunb.

Linbattn eggs. Four batches each of tOO eggs failed to hatch when kept at

OZ RH at,15oC,25oC, 30oC or 35oC. Eggs did hatch at 352 RH at 25oC and

3OoC while eggs at 15oC did not hatch in 4 months and eventualìy were

attacked by a fungus.

Búl I and Smyth (197Ð, in pondering the possible reasons f or tunb. Lintbatwn

not occuring south of the 250mm isohyet in southern Australia; suggested

that these ticks while off the host might be susceptabìe to drowning in the

wetter south"rn regions. I decided to rneasure LD50rs of exPosure to complete

inrnersion in water of LL and NN of Anb. Linbakt¡n and Ap. hydtosatní. However

prel im'inary experiments'with 4O t-t- and NN of each species imnrersed in sealed

5O0ml containers filled with water showed that either species can surüive for

more than 6 days when immersed. lt was clear then that the ticks could survive

long periods immersed in water - as is the case with other tick species

(Murray and Vestjens 1967 and Sutherst 1971).'
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6. 30 Field Experiments.

ln 3.33 I described the construction and use of lizard enclosures

in the field to maintain populations of ticks. Also in that section are

described experiments at Pt Gawler.in such encìosures. Enclosure I at Pt.

Gawler (see 3.33] and I333) contained a pure coìony ol Atnb. Linbahnl.

This arose from LL placed in the enclosure attached to hosts (fr. tugosus)

on 31 /1'/72. M¡xed batches of ticks were placed in the two seParated

halves of encìosure t+ on 22/3/72. ln one haìf (4a), two sleepy ì izafds'

each infested rritf, ZOO LL of each species,were released. ln the other half

(4U) two other lizards, one infested with 400 LL of one species ånd one

infested witfr 4OO LL of the other species were released. One would expect then,

¡f ticks compete on the host, that those in 4b would do'better than those

in 4a for a time until NN emerged. tn fact onìy .4p. hydrosauz'i did wel I (see

3.331),and,they completed more of their life-cycle in 4a than in 4b! There

is no evidence ôf interspecific competition there. However the Atnb. Limbatwn

performed poorly in both 4a and 4b, much worse than in enclosure 3. But

this could be due to the earlier start of enclosure l, during h,armer

weather. Again there is no strong evidence here for competition.

The obvious plaöe in which to test the two hypotheses, which attempt to

explain the narrow zone of overlap between the ticks, was at such a boundary

at Mt. MarY.

Two'groups each of three enclosures h,ere sited as shown in figure 65.

gne group (the Casuaz"Lna enclosures) was in í'typical" Atnb. Línbahnn habitat

3 km north eas,t of the boundary,and the other (the mallee enclosures) in

',typical,, Ap. hydtosawi hab¡tat 1å km SW of the boundary. The enclosures

were 45./ metres in diameter, circular, made of chicken wire, the waìls

were 0./! metres high with the top bent inwards and the bottom dug into the



Figure 6!. The location of groups of enclosures in the central

region of the Mt. Mary study area. The two rít.r are. shown by

sol id dots; the south western one contains the Mal lee enclosures

and the north eastern si te contains the Casuarina enclosures.

The pattern of stocking of encìosures is shown belo\^, the map.
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the ground lOcm.

The experiments were designed to test both hypotheses; see figure 65.

Enclosure'1 in each area was stocked with ticks found in the area - a

control,. Enclosure 2 contained both species - if competition occurred ¡t

should be evident in that one. Enclosure 3 contained ticks from the other

side of the boundary. These last ticks should do better than conspecifics

in the second enclosure if competition occurs. lf envi ronrnental factors also

play a part they should not do as well as conspecifics in enclosure I on the

"correctr¡side of the boundary. But if other environmentaì factors are

entirely responsibìe for the boundary and interactions between ticks are not,

then both groups of coìonizing ticks should do poorly. The possible outcomes

are summarized in table 39 beìow

Tab le 39

Predicted outcomes of enclosure experiments in terms of tick survival on both

s i des of the bounda ry .

Tick's own side Opposite side

Pu re

Mixed spp

1f the "competition hypothesisrl
3=1>2

is correct then
=\

lf the "other envi ronmental factors
. f =Zr3=\

hypothesisil is correct then

lf both operate. then
1>2>J>\

T i cks used: -

NN - 480 of each species'. These had been kept at l5-20o[,852 Rtt in

the laboratory for ! months.

LL - 480 of each spqcies. These had been kept in the laboratory for

.6 months at 15-2ooc, 85% Rtt.

Lizards used:- 24 lizards were used,.collected in the Mt.Mary are'a,

1 3

2 4
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12 from the Ap. hydtosauu,i side and 12 f rom the Amb. Linbatwn side of the

boun da ry .

ln each encìosure there were 4 lizards - these had been placed in the

enclosures before the spring of 1972,to see if there were any wild ticks

present; none were detected. Two lizards in each enclosure, one with prior

experience of Ap. hydrosatu,i, and one h/ith prior experience of Arnb. Limbatwn

were infested with 60 NN each. The other two ìizards, of similar prior

experience to,the other pair, were infested with 60 LL each. ln the mixed

enclosures (t'¡o. Z) the 60 ticks per lizard contained equal numbers of both

spec i es .

The lizards were placed individually in bags with their ticks on 2\/10/72

and released into the enclosures on 26/10/72

The LL and NN quickly engorged and detached. 0n 20/12/72,lizards were

infested with more LL (ZOO per lizard). On that day it was observed in some

enclosures that adult ticks had appeared. The numbers are summarized in

table 40 below.

Numbers of d and g ticks

Mt. Mary on 20/12/72.

Mal lee enclosures

Table 40

that were found on I izards in each enclosure at

Ap. hydnosaur,í
aaoo ód+t

Línbatun

68

Anb

9?
Enclosure 1

Enclosure 2

Enclosure 3

Casua r ina enclosures

Enclosure 1

Enclosure 2
Enclosure 3

9
12

Ap. hydrosauni Anb. Lir¡tbaknn

oo 33+t

7
9

2
4

1

0
;
0

9? 33

;
6

0
0l
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A surprising aspect of these data is that Anb. Linbahn adults have not

appeared and yet in other experiments this tick deveìoped quickly, see 3.333

and I3l+3. The only adult Atrtb, Línbatlnn to appear were in the mixed

enclosures. ln fact the results for this tick support neither hypothesis -

though the numbers are very low.

Ap. hydròsatn'i developed very quickly. They did very wel I in the mixed

enclosures. lt must be remembered that these were infested with only half

as many of a species as the control enclosures and to compare control and

mixed enclosures for this tick the numbers shown in table 40 should be

doubled, see table 41.

Table 41

The numbers of adul t (&Jan¿ 
31 

numbers sunr.med) /p. hy'drosauæi which

appeared in enclosures on 2Q/12/72, with numbers in mixed enclosures

adjusted (doubled) to al low for differences in initial numbers.

Mal lee enclosures Casuarina enclosures

cont ro I 16 10

\z 14

The results do not support the competition hypothesis, but do suggest

that the ticks develop more readily on their own side of the boundary.

However caut¡on must be exercised in interpreting these results as the

number of enclosures used was small'and although attempts were made to make

them equivalent,they may have differed markedly even in the same area in

their qual ity as tick development sites.

The summer of I 972/73 hras very dry and hot and i t seems that the extra

200 LL per ì'izard in these conditions v,ras too much for the I izards. Most

died in the next month and ¡t is doubtful that many of the LL engorged and

mi xed
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detached. I^lhen this was discovered on 31/1/13 12 more I izards were

obtained, deticked and 2 placed in each enclosure to provide food for

any unattached ticks. Table I+Z summarizes the numbers of ticks which then

attached.

Table 42

Numbe rs of t i cks (t'tn , J? an¿

enclosures on 8/2/73.

Mal lee enclosures

gg) that attached to lizards placed in

Enclosure I

3

Casuar ina enclosure

Enclosure 1

2

3

2

Again the ticks did better

above in enclosuresNo.'2 should

enclosuresi see table 43 below.

in the mixed enclosures - the numbers shown

be doubled in order to compare with control

Ap, hydrosaLu¿.
(¡NN

18

An1b. Linbatwn

NN îî
88

I 0

7

0

37

6

4

4 10

1212

2

1

9 10

16 2

30 8 3

67 12
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Table 43

(tl + 99) t i cks wh i ch appeared

'attached to I izards af ter 8/2/73. The numbers in

been adjusted (doubled) .

Ap. hudvosaut'i

Mal lee enclosures Casuarina enclosures

controì

mi xed

16

z0

Anb. Limbatwn

Mal lee enclosures Casuarina enclosures

control

mi xed

1l

2\

in the enclosures

the mixed enclosures have

0

32

3

36

Ap. hydrosatu,i has done better on the A¡nb. Limbatun side of the boundary

while Amb. Línbattm have developed more readily on their own side of the'

boundary, despite the dry year which might, perhaps have been expected to

make the Casuarina side more harsh for both species.

The lizards in the enclosures were examined throughout 1973 and until

August in 197\. However no LL appeared,aìthough a number of gg engorged and

detached. This might have been due to the enclosures being poorly sited and

not providing suitable microhabitats for egglaying or hatching. Even if a

few LL hatched they might have been confronted with hosts that had high

resistance to ti.n, Or. to their prolonged, enforced contact with these. parasites,

It was noted that gg in the mixed enclosures did engorge and detach,

suggesting that they probably had mated - see 3.3\ZZ. 63 were often seen

attached near or beneath g? on these ìizards but these alliances were

always between conspeci fics:
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tlith sonre species of ticks it has proved possible to study the survival

of non-parasitic stages by exposing large numbers of ticks to field conditions

at different times of the year. Snowbaìì (1957) was able to do this with the

cattle tick. BoophíLus mieropLus in southern Queensìand. Each week he placed

freshly detached, engorged ?? into small cylinders, Partìy made of gauze, and

deposited these into holes bored in the ground. He then noted the fate of

the 99, their eggs and LL. Harley (1966) performed similar experiments with+1.

B. mieropLus, in cìimatically dissimilar areas of northern Queensland as did

McCuìloch and Lewis (1968) in the north coast area of.New South ì.lales. These

experirnents enabled.the researchers to assess the effects of seasonal and

geographical variations in climate on the survival of the.ticks while off

the host.

Such studies may well be of great vaìue in resolving the problems of

survival of Ap. hgdrosauni and Amb. Limbatun while off the f'årt on either side

of the boundary.

I have begln such experiments and so too has Trevor Petney. There are

however, sorne,major diff iculties in producing resul.ts as complete as those

obtained for the cattle tick, B. mieroplus. The first problem is that we

have been unable to breed or capture enough engo.rged g ticks to expose them

to the environment at or near the boundary. I^le obtain so few gq that ¡t ¡s

important that they all be placed in optimal conditions for egg production

so that other research programÍìes on these t icks can proceed. Therefore the

affects of the field environment on sviposition are beyond our reach, at the

mornent. Another major problem involves the vagaries of the environrnent at

the tick boundary (see 5.34) which require that a study" of the survival of

non-parasitic stages should proceed for some years. lndeed Harley (tge6)

investigated survival in the field over a 5-year period.

Trevor Petney (pers. comm.) has begun.such experiments in the Mt.Mary

study area. He has left NN of.both species in plastic vials in sites on both

sides of the tick boundary and nìeasured the time it takes for the ticks to
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die. His data are prel iminary, but ¡t is apparent that in al I the various

microhabitats used on either side of the boundary^Anb. Limbatron NN I ive

ìonger than ,4p. hydtosauri NN (Petney pers. comm.). lt was also noticeable

that soÍE positions chosen'for leaving tick vials afforded the ticks

greater chances of survivaì than others. I^lhen vials were sheì tered by

vegetation or leaf litter the ticks inside survived longer than those in

more exposed sites.

I have also made observations on the survival of non-parasitic stages

of the two tick species. These experiments have involved engorged and

unengorged LL and NN and unengorged adults. ln all cases the ticks were'

offspring of ticks caugh.t in the Mt.Mary study area, from within 5km of the

Mt.Hary-Florieton road/pipeì ine junction (see Fig. \7, Chapte r 5).

Ticks u/ere placed in 5ml plastic vials with perfgrated caps. These were

placed in the soil so that the top of the cap was at ground level. The use

of a perforatêd cap \^,as to simuìate a degree of cover over the ticks while

allowing a¡r movernent. The evidence presented in 3.3411 below indicates thit

the ticks do, normally, take cover in crevices or beneath loose máterial in

lizard refuge sites. The sites chosen were sheltered from direct sunlight
1 and close to the base of Blue bushes (xoehía sedifoLí,a).

Two areas r^,ere chosen in the Mt. Mary study area, one on each side of the

7' tick boundary. The locationfof these can be judged from Fig. 65. The

7 I'southern" site was in mal lee scrubr2km E of the 'rmal lee enclosures'r;while

the 'rnorthern'r site was 1*km NI.J of the "Casuarina enclosures",

Groups of ticks were deposited in these sites on two occasions, during

winter and spring. Each vial contained 5 ticks.,all of the same species and

developmental stage. The first batch of ticks, engorged LL and NN, were

released on 3tst June 1979. The results are summarised in table 44.
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Tabìe 44

The fate of engorged LL and NN of Ap. hydrosatn,i and Antb. Linbatun

left in vials at two sites in the Mt,Mary study area. One site was north of

and one south of the tick boundary. Ticks hrere placed in the area on two

occasions (3lst July and 13th October 197Ð. The numbers represent the ticks

alive at the time; those in brackets indicate the number which'moulted but

were found dead

Northern Site.

July
Sept.
Oct.
Nov.

15

10(4)
t ( t ¡)
0

Amb
eng

Amb
eng

(tt¡
(26)20

0 (14)

20
0(17)

8

3Q)

8
t (z)

15

5 (6)

15

7ß)

Ap. hydrosaut'í
eng LL eng NN

Limbatun
LL

Week 0

7
11

l5

31
17
13
14

3o
4
0
0

30
2
0
0

( 9

30
17

2
0

4

3
0

Southern S i te

Ap. hydrosauri
eng LL eng NN

Linbatun
LL
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These data do not show any marked difference between the two sites chosen
,4'

in either species., Amb. Linbatwntengorged LL'seem to moultrand the unfed NN

ì ive longer, during winter-spring, than.îhose of Ap. hgd.r'osauni. lt is

interesting to note that most ticks moulted successful ly. These experiments

are, however, too smal I in scope (as pointed out earìier) to test adequately

the survival of the ticks on either side of the boundary. To do this in an

appropriate fashionrmany more ticks need to be left in a greater var¡ety of

microhabitats over a number of seasons.
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6.40 Discussion

I shall first consider the impact of the data presented in this chapter

on the hypothesis that interspeci fic interactions might cause the parapatric

boundary between Ap. hydz,osauri and fuib. Linbatwn,and then examine the
)

'alternativer that the boundary is caused by factors other than ¡nterspecif¡c

interactions, most likely by aspects ofrweatherr (Andrewartha 1970). Note

that the 'alternativesr are not mutuaìly exclusive.

ln the laboratory experiments there were four occasions when it appeared

that there might be negative interspecific interactions between the ticks.

On one occasion significantly fewer Ap. hydrosauri LL moulted, after engorging

on ì izards with prior experience of Arnb. Limbatwn, than moulted af ter engorging

on ìizards which had expe rienced Ap. hydrosauz,i. On two occasions signifi-

cantly fewe r Anb. Límbatwn LL attached to I izards that had expei'.i enced Ap.

hydrosøtti than attached to lizards with prior experience of Amb. Limbatwn.

There \^ras also an.interaction component in that the presence of Ap. hydtosar.u,i

accentuated this failuie to attach. 0n another occasion Amb. Limbatun LL took

longer to moult i¡ " rixed group than in a control group. However, these LL

rnoulted faster Ìf they had engorged on I izards with prior experience of Ap.

hydrosautí.

It is very diff¡cult to visualize a n¡echanism that would cause a host

parasitized by.one species qf tick to be more resistant to another species

of tick than are the hosts of that second species. One would expect the

immunological responses of a host to be greater toward a tick ¡t had

experienced. 0f course ¡t is possible that an immunological response by the

host is sufficiently general ized to inhibit both species; the hosts which

yielded significant results may, by chance, have been individuals with a

greater degree of resþonse (to either tick).

There are a number of points to consider in ¡nterpreting these results.

The hosts vrere caught in the f ield as adul ts. lt is therefore impossible
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to say how many ticks had infested them and what effect this had on their

resistance, behavioural and/or physioìogical, to infestation. Such

differences are important as onìy low numbers of hosts can be used in each

treatrnent due to the labour i.nvolved in these experiments. ldeaì ìy one wouìd

breed lizards in the laboratory and keep them f,ree of ticks for such

experiments. This was triedrbut young sleepy ì izards are prone to

premature death in captivity

It must also be noted that oi many tests that were perforned only a

few proved to be significant. One would expect a few such resuìts in

accepting or rejecting hypotheses at the 5Z level of probabi I ity. Mi ì ler

(1967)oin a criticism of earìy lãboratory experiments on competitionn
1 /.

observed that one should be carefuì in accepting a few such resufts as

good evidence for interspeci fic interactions.
' The ticks used had been reared in the laboratory. The influence of.

exposure to abnormal, constant conditions on the ticks is not understood.

Aìsorthese experirnental anirnals were progeny of 'few gg"and thus do not
I

reflect a broad range of genetic types.

Thé enclosure experiments did not indicate any sign of competition

between the ticks. ln fact ticks in mixed enclosures develop.d no.. readiìy

than those in contròl groups. As the number of ticks of a particular species

put into a mixed enclosu.re was half that put into a controì enclosure, this

result is consistent with the hypothesis that intraspecific competition, takes

place in' each species.

Amb. Límbatun appeared to develop nìore readi ìy in its own area than

across the boundary. This supports the alternative hypothesis that envi ron-

nrental factors other than comþet¡t¡on are involved. However, in the mal lee

enclosures, Ap. hydro'sat'øi.did þoorly in its controì encìosure. This

hypothesis is inadequately tested in encìosuresras ticks do not have to wait

ìong before finding a host.
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Evidently there are probìems associated wi th

Some encìosures were probabìy ìess adequate than
I ¡.r)

ì i zards-even though the 3 enclosures
z\

the siting of encìosures.

others for ticks - and for

in each area were pl aced in, apparently

I 5imiìar sites. This could be overcome by using larger enclosures or more

enclosures. The former is diff¡cult as the lizards are at times difficult)/
to find even in a small encìosure'. The use of more enclosures is only

limited by the labour involved.

Another problem of small enclosures is that only a small number of

hosts can be used in each. Thus, differences i.n host resistance to ticks

may introduce ìarge variabi I ity into the results.

It might also be that the interspecific interaction sought is only

evident during certain seasons or under pecul iar ci rcumstances. A short

study cannot hope to experience all these possibilities.

The laboratory experiments reported above, which tested the tolerances

of ticks to a variety of environmental conditions, do show that there are

marked phys ioiogical dif ferences between the species . Anb. Linbatun LL,

NN and adults can withstand desiccation and starvation for ìonger periods of
l't';"

time than^Áp. hydrosattti - particularly during the warmer months of the year.

It is reasonable to suggest that the northern limit of the range of Ap.

hyd.r,osau.r'i, east of Spencer Gulf, may be determined by conditions becominþ too

arid for it to survive long enough while off the host.

It "is more difficult to uncover tenable suggestions for the factors which

might limit the distribution of Amb. Linbqtun. The experirnents reported above

do not allow us to eliminate the hypothesis of interspecific interactions with

any degree of confidence.'However, that hypothesis is only very weakly

supported. lt nny perhaps be rejected after further work, and the answer be

found to lie'in the physiological ecology of the tick. lt appears likely,

from the data þresently available, that the marked retardation of its

development at low temperatures wil I prove to be a signif icant f,actor in

v
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fixing the southern limit to the range of Anb. Limbatwn.

Thus the experiments reported here do not give convincing, supPort for
Ú)lJ-{

either hypothesis. These experirnents would have been capable^ of demonstrating

';t' a powerfuì inte.rspecific interaction (c.f . Connell l96l).or, detecting strong

and consistent effects of components of the environrnent other than the other

tick species (such as differences in 'weather'). One positive result from

the experirnents is that it is now quite clear that we are deal ing with subtle

processes. Certain simple, essential ly deterministic versions of the

hypothesis are now untenable. lt is clear that an expìanation for the

parapatric boundary wilì have to take account of variability.between years'

between mi crohabi tats, between hosts rand probably between ticks. I think ¡t

is clear that the testing of the several hypothese.s must depend upon long-term

manipulation of tick populations at a boundaryr.il but ¡t is'now possible to

ref ine their design - and .to justify the expense of using more repl icates and

longer time periods. Each tick species should be transplanted into the range

of the other, to simuìate colonization, using the generaì type of deçign

outlined in Figure 65. Then careful observations should be made of the

survival of parasitic and non-parasitic stages during a number of seasons.

Numbers of replicates should be large enough to provide an understanding of

variabi I i ty between hosts, between microhabi tats and between ticks.



160 .

7. 00 DISCUSSION

The present maintenance of the di stributions.

The geographical distributions of Ap. hyd.rosauri and Anb. Linbatwn

east of Spencer Gulf are parapatri,cras are those of Ap. hyd.z'osauri and

Anb. alboLínbatwn to the west of that gulf. The distributions of the

funblyowna spp. may wel I abut in a similar f ashion but evidence for this is

not as strong as in the other ca'ses (see Chapter 2). There is a broad

association between the distributions of the three ticks anil cl imate.

There seems to be no such association between the geographicaì distributions

of hos.t species and those of the ticks (see Chdpter 4).

Studies in the Mt.Mary 6tudy') area revealed that the paraPatric boundary

of Ap. hydrosauriand Atnb. Linbatum is associated with a marked change in

vegetation and soils (an ecotone)rand a more graduaì change in climate (s."

Chapter 5). There are no apparent cons istent dif ferences in host species,l¡

numbers or behaviourracross the boundary. Tt'. Tugosus, the sleepy lizard, is

by far the most abundant and frequently infested host.at Mt.Mary, on both

s i des of the bounda ry.

l'f a t ick were trangported across the bounda ry f rom one s ide. to the other

it would experience two types of change. F¡rstly, on attaching to a host on

the other side of the boundary the tick wouìd probably be exposed to ticks of

the other species,'and the host would probably have been infested on a number

of earlier occasions by ticks of the other species. The hypothesis that the

parapatric boundary might arise from intårspecific interactions durìng such

situations was discussed in Chapters 1 and 6 above. Secondìy, upon detachi¡g

from. the host the tick would f ind a microhabitat, in which to lay e.ggs or

moult and wait for a host, which differed in humidity and, to some extent,

temperature, from those available on the other side of the boundary. There
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wouìd aìso be some differences between faunas of the leaf litter ìayers under

bushes on either side of the boundary. ln these respects, of course, there

is also considerable variability with¡n the range of each tick species.

The hypothesis that factors in this second category might cause the parapatric

boundary between two tick species was also discussed above (see Chapters I

and 6).

The extent of overlap between the tick species at the parapatric boundary

depends upon:

(i) how frequently and how far ticks are transported across the

boun da ry ,

(¡¡) .how well these colon¡sts withstand the changed conditions on and

' off hosts, and

(¡¡i) how markedìy environmental conditions change across the boundary.

The ti cks exh i bi t ìow vagi I i ty. VJhen detached and engorged they are

-incapable of moving very far. After mouìting or hatching they seem to wait

in reptile shelters for a host;'see the discussions of these matters in

3.32 and 3.3\1. They would be moved only short distances when attached, as

their hosts have small home ranges; see 4.40. The home ranges of their most

/ important host, the sleepy I izard (fn. r,ugosus), do overlap (see 4.40)iso

there is a chance that a tick might, on successive attachments, move rnore

thah the width of a home range. Buìl (tgZ8 a) estimated that overlapping

lizard home ranges, in the Tickera area of Yorke Peninsula, provided "limited
i,\i opportunities for dispersal of up to 8o0m during a ticki!i life", in a

popuìation of Ap. hydz,osauui. The home ranges of lizards at Mt.Mary may be a

l¡ttle larger than those at Tickera, but ¡t is unlikely that tic[s at the

boundary zone have more than a slight chance of being moved further than those

at Tickera. ft is possibìe, though, that lizards in the Mt,Mary area are

t/ forcéd to,move further after heavy rains (see 5.35)-which cause some regions
/

to be completely flooded for many days. Such flooding seems only to occur at.

intervals of sonìe yeärs (there have been two such periods between 1970 and

, 1978) but m¡ght result in a few ticks being nroved uP to. lkm or so more than
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wouìd normaì ìy be expected.

Both the ticks and thei r hosts are poiki ìotherms and this aìso restricts

the vagility of the ticks. The activity and developrnent of the parasites and

their hosts are restricted by low temperatures during some seasons of the

. year. and the activity of the hosts is aìso réstricted during the hot summer

months. When hosts are most active, during spring (4.40), the ticks engorge

:, ârìd detach rapidly (l.l\21)qand thus spend only a short time attached. This

behaviour would reduce the chances of them being transported very far.

--v Actuaì ìy,many ticks do not f ind a host; thus large numbers are needed for

successful coìonization. 0ne would expect ectoparasites that remain attached

to homeothermic animals for long periods to have a much higher vagiìity than

these t i cks.

It is evident then that ticks at a parapatric boundary are ìikely to be

moved onìy smaì1 distances into the territory of the other species and, of

course, stand a s imi lar chance of being moved a smal I distance în another

di rection. However, aìthough the movement of ticks across the boundary is

y small^ ¡t does occur. Thus, this low'vagility must be coupled with factors which'l

cause coìonizing ticks io die out on crossing the boundary in order to

produce the smalì degree of overìap reported above.(see Chapter 2 and 5.20).

These factors were examined in Chapter 6 to see if the two tick species

interacted in some way, or if changes in anothe r envi ronrnental f actor or

factors caused the boundary. The data presented in that Chapter did not

clearly demonstrate that e i ther occurred during the study.

ln the experiments where ticks, of both species, and lizards were

released in enclosures on both sides of the Mt.Mary boundary, Ap. hgdrcsauri

aduì ts survived quite wel I for a year on the 'rwrong" s îde of the boundary in

the presence of A¡nb. Linbatun or aìone. Amb. Limbatun showed more signs of

being disadvantaged by transportation across the boundary. But there is some

') doubt that the site chosen on that side was a goot' o¡e, for either species.

ln the experiment where LL and NN were left to see how they survived on both

0
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sides of the boundary, Amb. Linbatttn seemed to be able to survive

des iccation and starvation for longer periods than Ap. hydtosawi in both

areas - as was expected from experiments in the laboratory. ln laboratory

competition experiments there was rïìore evidence, though not convincing (see

6.40) , that Anb.' Limbatwn was adversely inf I uenced when it attempted to attach

to Iizards which had formerly 6orne Ap. hydrosauri.

Bull and Smyth (lgll suggest that the northern limit of the range of

Ap. hydnosatni is. set by its toìerance (ot intolerance) of dry conditions.

This hypothesis remains the most acceptabìe and pìausible; see 6-40. The

reasons for the southern I imit of Anb. Lintbatwn are rIìore dif f icuìt to
t"

unravel. The suggestion by Bul I and Smyth,.,that the tick seeks the most

moist microhabitats when off the host, and that in wetter areas it Ìnight

therefore drown, is un I ikely to be true. ln the Mt. Mary area..the soils

south of the boundary tend to be rIìore permeable to water; see 5,33. VJhen

heavy rains did occur during the study, water was more of'ten seen forming

swamps in the funb. Líntbatwn areas'north of the boundary. ln addition, the

experirnents described in 6.30, in which both species were immersed in water,

showed that the ticks can survive many days under water.

Atnb. Limbatwn i s inf I uenced more adversely by col d condi t ions than is

Ap. hydtosatæi. lt is shown in Chapter 3 that the rate of develoPment

(mouì t ing and hatch ing) of th is t ick is f as ter than that of ,4p. hydtosauri.

at high temperatures (tZ5oC)obut ¡t is markedly lower in colder conditions.

It may be that Amb. Limbatwnis unable to survive in southern regions beçause

ambient temperatures are too low for too long. lt has been suggested that

the cattìe tick, BoophiLus nieropLu2, is obstructed by winter cold f rom

f urther southward migration in nor,thern New South Wales (McCul lock and Lewis

1968), but this was only demonstrated by long-term field experimentation.
,.,:. .. ¿-..t t i 1.r4, :r-

' lf the distributionaì limit of a¡tick w$ determined by sôme component
Itrþ*' ' t

of weathern¿it would be reasonalrUp to expect that at the ì imit there would be
/^

a zone in which the tick might ìive in seasons when-the weather is favourabìe

(
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(c.f. the hypothetical map of the distribution of Austroicetes ø'uciata in

rí Andrewartha and Birch 195\). lndeed.,the transplant experiments described in

Chapter 6 suggest that this may be the case witlt Ap. hydtosauui and Anb.

Linbatwn. The portion of this zone occupied would depend upon the vagiIity

of the tick and the temporal and spatial fluctuations in weather at the edge

of the tick's distribution. lf the distributions of these ticks are

determined by such factors. it is a remarkable coincidence that thei r

distribution I imits correspond sô precisely and wi th such I imi ted overlap.

It might also be predicted that, even at an ecoton" (..g., Mt-Mary), the

extent of overlap might vary with fluctuations in weather from.year to year.

Bull (1969) noted that the parapatric boundaries of sorne other pairs

t' of closely-related species of animals were.determined by biological barriers

due to hybrid sterility. An example of this is deicribed by Littlejohn et ail.,

(1971) ¡n frog speçies. Such a mechanism relies upon coloniz¡n9 gp being

I rort I ikeìy to rneet dd of the other specieç,, and on the progeny of inter-

specif ic matings being infertile. Colonization is thus swampgd and a

hytlrid zone separates the species. Some ticks do mate with ticks of other

species, in some cases with ticks of different genera (Balashov 1972,

Ermoshkevich 1956, Kalyagin 1967). HoweVer, no such occurrences have been

V observed between these reptile ticksralthough many mixed batches of adults

x have been observed; see 3.3422, 6.20 and 6.30. I susPectrthen-that the

fl ' lr' :X Bul ì hypothes rs ts tnappropri ate f or Ap. hydtosatu'i and Amb. Limbatun.

ln s,ummary, it seems that the boundary at Mt- Mary iS not determined

'by 
any one factor. The northern I imit of Ap. hydt,osa,u,zl is most I ikely

determined by its ability to tolerate low humidities when off the host.

The change in humidity of tick microhabitats across the boundary would result

from chañges in vegetation -and soils which accentuate gradual changes of

cl imate across the area. Anb. Limbatwn may be stopped f rom f urther movernent

south either by interaction with Ap. hydz,osauri via host resistance ror by a

change in some other, unidentified, envi ronmental factor, possibly coìd
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conditions. lf it transpired thaiu Atnb. Limbatwn is influenced bV Ap.

'' hydtosaurirthen this would be the first evidence of such phenomena in

ectoparasites - few such studies have been maderand they have ruled out

. interspeci fi c competi tion (Ryckman and Ryckman 1967). Exampìes of i ntra-

-v specif ic competition in ticks are.howevernwell known (Sutherst et al., 197r.
)'

The overlap zone is'particularly narrow in these ticks because of their low

vagility (see above), as in the wingìess grasshoppers described by I.Jhite (1968) .

f the tick boundary at Mt.Mary is determined in the way suggested

' above,what is its future? lt seems that the tick boundary is stable, as
/

Bull (1969), suggests. The ecotone itself, which probably influences at least

Ap. hyd.rosauri, is s imi larly stable. .Both the ecotone and the tick. boundary

would change if there Ì^/ere large fluctuat,ions in climate of the type that

have occurred a number of times in the Quaternary i.e. the succession of

glacial and intergìacial periods (Rawl ¡nion 197Ð. lf the vegetation were

much changed, e.g. by man, or the numbers of hosts were to fall too low,

' V .then the distribution limits of the two species might move apart, leaving an

unoccupied zone between them. .Minor changes in the weather f ro.m year to

,,K year\or decade to äecade-would be unl ikeìy to change the position of thet l¡.o.tJ ) '

r' boundary'but )4 night have a. small effect on the degree of overlap between

the distributions of the ticks.

The vegetation change associated with the tick boundary at Mt.Mary is

not typical of the rest of the boundary between these two ticks. ln factrthe

edge of the mallee scrub, which marks the tick boundary at mt.mary, curves

north of the tick boundary to the east of Morgan (Specht 1972). However,

soil types and the floral composition of the scrub change in this area.

Thus the relationship between micro-envi ronmental conditions and the vágetation
7

which holds at Mt.Marynmay not apply to the east. lt is thus probable that

U"tw"1n humidity or other micro-envi rånmental variables and

the tick distributions still holds along the whole of the boundary.



166.

Much less is known about the boundaries the ticks share with lnb.

ønboLimbatum. lf it is shown that the two ArnbLyonrnas do have a common

boundary with little overìap"the hypothesis of Buìl (1969), referred to
./

above, may wel I deserve further consideration. I mentioned in J.22 that

some ticks of intermed¡ate appearance were taken from near a boundary between

the two spec i es .

The Ultimate Causes of the Distributions

Among the most di fficul t questions about the tick distributions are

those which concern the past and how such patterns arose. l. have shown, in

Chapter 2, that the geographicaì ranges of the ticks are broadìy associated

with climate, as are the distributions of their hosts. lt can be assumed

that marked long-term changes in climatic conditions would lead to changes in

the ranges of the tick species and thei r repti lian hosts. An understanding

of past changes in climate is, therefore, essential if previous patterns of

./ 
'tick distributionôand how and when these patterns have fluctuated, are to bev7
un de rs tood .

It is believed that during the Tertiary,Australia was warmer and wetter

y! than it is today (Gentilli 1961)"and that since then there has been a generaì/
cool ing and drying. There were major cì imatic fluctuations in Austral ia

("nd elsewhere) during the last 2 million years (the Quaternary). During

the Pleistocene, the first epoch of the Quaternary which lasted.from 2 million

years B.P. (¡efore present) to 10,000 years B.P., there were f ive worldwide

glaciations (Ericson and Wol,lin 1968) . These periods, the Nebraskan (the

earl iest) , Kansan, lì ì inoian, Earìy \^/isconsin and ìate l./isconsin (the most

recent), were characterised by a global ìowering of surface temperatures and

a large increase in the proportion of the world's water bound in ice. The

latter led to large eustatic lowering of sea ìevels. ln the most recent

glaciation, the late Wisconsin, the sea leveì dropped to 132-150 metres below
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the present level about 20,000-18,000 years B.P. (Jennings 1971). Thus, for

a time, many islands on the Australian continental shelf, including Tasmania

(Davies 197\), were part of the mainland. These major changes in climate and

geography probably brought about fluctuations in the distributions of the

t icks.

There seems to be some broad agreement among authors in this field about

the timing and extent of sealevel changes and the fluctuations in land

temperature (see Rawl inson 197\). The main uncertainties are about the rain-

fall. Galloway (lgSS a, b) suggested that the glacial periods in Australia

were accompanied by cold and dry conditions. This notion ran counter to the

w.idespread theory, at the time, that the glaciaì periods were pluvial periods

(¡'ta¡n et al., 1958^and Link 1967). These opposing ideas are stil I subject

to some debate, but cì imatic sequences recentìy investigated in al luvial

deposits in soqth eastern Australia (Bowler 1970, Bowler and Hamada 1971rand

Dodson 1974 a, b) indicate that during the late þJisconsin glaciation

conditions were relativeìy arid. l./yrwoll (lglg) suggêsts.that south western

Austral ia was s imi larly affected.

Genti I I i (tgSl) and Gal loway (tgll) observed that making interpretations

of broad climatic changes in the past is fraught with pitfalìs. They suggest,

for instance, that there may have been a large number of fluctuations of

climate that were experienced quite differently in different parts of the

cont¡nent. However, the recent studies mentioned above indicate that there

were sofiìe major climatic changes which were widespread in southern Austral ia

(Bowl er 1976, llynarol I 1979). More data are needed 
rthoush, 

particularly f rom

south h/estern and central southern Austral ia.

Figure 66 shows how climate and sea level may have fluctuated during the

late'Quaternary in south eastern Austral ia.

, Sutherland (tgll) points out that southern Austral ia has been relatively

stabìe since the early Cainozoic. Thus, given accurate information on the

timing of sea level changes and the depth of water between islands and the



Figúre 66. Probable changes in sea level; surface temperature

and rainfal I in south eastern Austral ia during the late Quaiernary.

The sea levels and temperatures are based on those used by

Rawlinson (tgZq). The rainfall data are those of

Bowler (tgZo) - 'B',
Bowler and Hamada (tgZt) - rB + Hr, and

Dodson (lgl\ a s b) - ¡Dl



Very high

Hish

Key to rai

V

H

nfall

Medium M

Low L

Late Wisconsin Middle Wisconsin

Sea Level

Temperature

Rainfall
B

B&H

D

o

M

M M

M

V H

V

V L

L H

L H

H L

L

L

Hi Hiqh
Low

H
(

t

lO,OOO

Years B P



16 8.

mainland, it is possible to estimate the periods during which such islands

were joined to the mainland. Rawlinson (lgZ4) has caìculated the time of

isolation of a number of isìands from south eastern Austraìia in this

. manner. Main (1961) and Abbott (tgZA) have made simi lar estimates concerning

,"' islands in we'stern Austraìia. Main (1961) noted that.,if an animal occurs on
/

\ an offshore isìandrone can assume that it occurred on the adjacent mainland

when the island-mainland ìink was broken. Table 45 lists some of the isìands

which the ticks have been found with an estimate of their time of isolation

The geographical positions of these islands are shown in Figure 67. These

data give a glimpse of past geographical distributions of the ticks.

Tab le 45

L

X Austral ian s I ands ment i oned i n the text with estimated times of mosttl
7

recent isolation f rom the mainland--based on Abbott (lgZ8) and Rawì inson

(1974). Tick species found on the islands are shown as : - Aponorwna

L'ímbak¡n = L. Thehydrosatu,i = H, AmbLgonma aLboLinbatwn = A and Anb.

location of the islands are shown on Figure 67

lsland Time of isolation
(years before present)

T i ck speci es

1. Tasmania
2. West VJalìabi ls.
3. Mondrain ls.
4. Kangaroo ls.
5. Bernier ls.
6. Rottnest ls.
7. Dirk Hartog ls.
8. l^lardang ls.

12,750
1 2 ,000
12 ,000
1 0 ,000
8,ooo
7 ,000
6,ooo
5,0oo

H

A
A

None
AsL

A
A

H

Ap. hyd.rosawi is foun.d on the Bass St ra i t ls I ands (between Tasman ia and

the mainland) and on Tasmania. This suggests that this tick lived in south

eastern Austral ia about 13,000 years 8.P., âs it does now. Tz,. T,ugosus, a

major host of .4p. hydtosauri, has not been found in Tasmania or.in parts of

,i southern Victoria (see \.30) 
)but 

IiLiqua nigroluiea does occur in these



Figure 67. Austral ia, showing the ìocations of the islands

listed in table 45.
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pìaces and apparently enables the tick to live further south than 7r. Í,ugosus.

Ap. hyCrosatui and both of these skinks are absent from Kangaroo lsland, off

South Austraìia, which was probabìy isolated from the mainìand about .l0,000

years B.P. (Rawl inson 197\), i.e., nearly J,000 years after Tasmania.

Presumably neither skink was on the adjacent shore at thé time the link was

severed. The cìimate may well have been too cold for Tn. rugosuslwhich even

today does not inhabitat the colder regions of Victoria. lt is difficult,

however, to explain the absence of Ti,, nigrolutea (a Bassian species) from

that area 10,000 years ago. lt seems unìikely that either of these skinks

was isolated on Kangaroo lsìand and then became locaììy extinctras the island

is much larger than others on which they live and it seems to have appropriate

weather. Ap. hydrosauri and Tr', Tugosus are found on Wardang lsland off

centrêl Yorke Peninsula. This island is close to the shore and has probabìy

been connected to the mainland as recentìy as 5,000 years ago.

Arrtb, aLboLímbatun is f ound on a number of islands in southern Western

Austral ia (see table 45). These were iso.lated by rising seas from about

12,000 years B.P. (\,/est h/allabi) to 6,000 years B.P. (oirf Hartog) .

Eviden tly Anb. albolímbatum was- in müch the same regions of south western

Australia then as it is now. lt is interesting to note that both.Arib.

albolinbatum and Amb. Límbatum have been found on Bernier lsland (isolated
rs 

1,., , ,[ ]

8,000 years U.t.)a and that this¡ is very cìose to the present distribution

limits of the two ticks on the adjacent mainland. The co-existence on the

isìandrand the simi larity between pa.st and present distributions of these

ticksrsuggest that the boundary between them is reìatively stable. lt is

not known how they are distributed on the island

Atnb. Líntbatwn has been identif ied in coììections f rom islands of f north

western Austral ia (see Sharrad and King 1979 - appendix 6). These are wel I

within the geographical ì imits of the tîck on the mainland.

Many southern Australian pìants and animals have disjunct east-west

distributions with eastern and western forms being separated by the
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Nul larbor Plai n. A number of workers have attempted to explain these

present distributionsrand the phylogenetic relationships of the disjunct

groupsrby postul ati ng that success ive mi grat ions of organ i sms have taken

place across the Nuì ìarbor Plain when condi tions have been favourablerand

that these conditions have been interspersed by periods of aridity (t'tain

er al. 1958, Keast 1961, Kluge 1961). 0ften such writers believed that the

glacial periods were pluvial periods - a view now questioned (see Figure 66Ù.

Ap. hydrosawzl is found in three quite separate regions on the mainland,

south western Austral ia, Eyre Peninsula and south eastern Austral ia. This

distribution is most simpìy explained if it is postulated that formerly the
Ç¡r,, ,,,. o-,'

tick occupied a band from east to west across the continent. This would

only be possible if the factor or factors which presentìy determine the

northern I imit of i ts range were changed. lf the northern I imit of its

distribution is largely determined by ,cl imate, as I suggest earl ier in this

discussion, then this wouìd involve lower temperatures and/or greater

precipitation. Figure 66 shows that there waS probabìy a period of higher

rainfall about 6,000 years B.P. lt is unlikely, in my view, that this

relativeìy minor and brief perìod would have been sufficient to link the south

western Austral ia and Eyre Peninsula popuìations. V/yrwol I (lglg) also notes

that there is some evidence that the Nuìlarbor Plain has had much the same

cl imate during the last 10,000 years. The popuìations separated by Spencer

Gulf in South Austral ia wouìd seem to be more lîkely to be brought together

by such conditions. However., ìt is probable that during the ìast gìaciation

(between 12,000 an'd 26,000 years B.P.) the ,í.k;t "ío'an"ir hosts ìived further

north. I have mentioned above that many workers now consider thìs period to

have been reìatively arid, aìthough Bowler (lgZO) and Bowler and Hamada (tgZt)

consider that the early part of the glaciation may have been wet (see

Figure 66). The period,before 12,000 years B.P. is the most recent time when

it appears l ikely the Ap. hgdrosauri populations were l inked. Horveverr this

scheme is partly disturbed by consideration of Amb. aLboLitnbatun. lt seems

V
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likeìy that th¡s tick originated in south western Australiarwhere it now

lives north of Ap. hydrosauti, on Tr. Tugosus. Amb. aLboLimbattm extends

across the Great Australian Bight into Eyre Peninsula but has not crossed

the top of Spencer Gulfl This is perpìexing as Ap. Ttgdrosauz,zl has done so.

One possibi ì ity is that .4p. hydtosaw,i spread across the continent wel ì

before the other tickrand that the spread of Amb, aLboLímbattnn has been more

recent, after the northern Spencer Guìf area became too arid for either

species. lt is also perplexing that funb. aLbolimbatwn crossed the head of

the Bight (and still occurs there) but has not penetrated the top of

Spencer Gulf - for the former region seems to be as arid.as the lat.ter (see

the isohyets shown in FiS. 3, Chapter 2). This observation points again to

the possible complexity of the facto¡s which limit the distributions of the

ticks.

Amb. Limbatun seems well adapted to life in arid and,tropical conditions,

and survives weìl on goannas which are most abundant in those regions. Bull

(1969) suggests that this tick probably spread from'north western Austraìia.

There seems no reêson to suggest other than a northern origin for this species.

The parapatric distributions of the ticks have only been partly explained.

Further work is needed. The most important experiments requi red are those

which involve long-term, control led transportation of ticks at a boundary

(as outlined in 6.40) - i.e., art¡ficîal colonizations. ln addition the

hypothesis that the ticks might interact, and in this way ìimit the distri-

bution of one or both species at a boundary, requires further critical

testing (see Chapter 6) .

The answers to problems in ecology are seldom quickly found; indeed

Andrewartha and Birch, (t954, p 10) note that some of the best studies in

population, ecology have entailed routine data collection for 10 to 15 years!

This wilì clearly be the case with the present problem largeìy because of the

variabiìity in the organisms and in the relevant components of their
I

I
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env¡ronÍìents. This variability, described in the present study, is likely

to form an essentiaì part of the answer to the probìem and as such cannot

be ignored but must be measured. To rneasure the variability between animals

or between different habitats, in a region where rainfall varies from year

to year, requires the use of many animals, many replicates and long-term

studies.

^ The muìtiplicity of questions to answerrand the long-term nature of the

" ¡nvestigationsorequi re the ecologist to choose carefuì ly the nost important
/

questions and to design critical experiments, with the aim of rejecting, not

( merely supporting hypotheses. Despite thei r difficuìty and. costo I consider

that field experinrents are an important part of this endeavour. 0nly in
t this way can models of nature\such as the competitive exclusion princiVlerbe

kept in the realm of testable scientific theor.y rather than mere conjecture.
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Appendix 1

The nature of data coì ìected in the field.

Alì reptiles captured in the field were examined for ticks and, unless

they were in the Mt.Mary study area or the ticks, were wanted alive, ênY

found were removed with watchmakers No. ! forceps. The specimens were pìaced

in 2ml plastic vials of 70% alcohol, labeìled and brought back to the

laboratory. ln the ìaboratory each tick was examined under an 0lympus SZ m

stereo microscope and identified using the keys in Roberts (tgZO).

The following data was collected during these procedures and Stored on

4å" " t'' lnvicta Sorter Cards (ruo'ZOO). The'information was written on the

cards and also coded by punching out gaps in the numbered sides of the cards.

Data stor'ed:

1. Host species.

2. The date.

3. l^/here the host was found, to the nearest 100 metres.

4. lrme.

5. Notes on the behaviour of the host

6. The cloacal temperature of the host plus soil temperature.

and air temperature

7 . The spec ies of t i cks fourrd .

B. The numbers of each stage found.

9. The position of each tick on the host - shown with a diagram.

10 . Genera I notes on tire hab i tat .
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Append ix 2

Keep i nq ticks in the laboratory

During this studyrand those of Drs. Bull and Smyth methods were

developed for keeping the ticks in the laboratory and for enabìing them to

complete their life cycles. Laboratory stocks have been kept for more than

2 generptions and these organisms used in numerous laboratory experiments

some of which are reported here.

Ticks were brought into the laboratory attached to hosts, usual ly

Tt,. tugosus, the sleepy I izard. The I izards were placed individual ly in bird

cages with wire mesh floors.large enough to al.ìow passage of the largest

engorged female tick. The occupied cages were placed folded paper in

white plastic butchers trays, see figure 68.

Engorged ticks'on detaching from hosts fell into the trays and took

refuge under the paper. The tray contents were checked each day, the ticks

removed and paper changed. Engorged ticks were picked up, with wat.chmakers

No 5 forceps and placed in plast¡c vials which had perforated lids. Usually

alì the engorged LL or NN from a host were kept in the same vial, engorged

gg however v,/ere put in larger vials

Engorged ticks require appropriate temperatures in order to moult or

ìay eggs and also survive best if kept"a moderately high relative humidity.

Pìastic vials containing ticks were kept in glass desiccators over various

saturated sal t solutions in constant temperature cabinets. Relative humidity

of air in closed containers'containing s'aturated salt soìutions are given by

Winston and Ba.tes (1960). lt was found that a sat. KCI solution provided

optimum conditions for tick development. This solution has over ¡t a RH of

857. at 25oC. Laboratory stocks of ticks not being used in experiments were

kept at 2/oC ¡f it was desirable for them to moult quickly, or for ç to lay

eggs quickly. lf the ticks were hot required. for some time they were kept

at lower temperatures (".g. ZOoC) which slowed develoPment.



Figure 68. A diagram of a ìizard cage (4Ocn long x 30cm x l0cm)

on a tick catching tray (5Ocm x 35cm x 15cm).
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It was sometimes necessary to count eggs and to place batches of them

in separate viaìs. A g tick may lay 4,000 of these tiny, round sticky wax

coated objects. To count them a binocular, stereo microscope was used

(0lympus SZ-!-L!)and they were handled w¡th fine dissecting needles.

Unengorged LL or NN are quite small and active. lt was often necessary

to count batches of them, newly hatched or mouìted, which might number

hundreds per vial. I developed a quick, accurate technique. Pasteur pippettes

were made from glass tubing,and fine gauze placed over the large end and

secured with a rubber band (see figure 69). The device was then attaçhed to

a vacuum pump on a laboratory tap which meant t.hat air was sucked through ¡t.

To count a group of ticks one would sprinkle them onto a sheet of white

paper and suck them into the device where they would collect on the gauze. 
,

\'lhen the desired number had been counted and collected the device was dis-

connected and the very tip of the fine end placed at the edge of a bunsen

burner flame which quickly sealed it and left the ticks unharmed. The

device could then be stored in å desiccator in the same way as plastic vials.

Often it was necessary t9 infect lizards with known numbers of t¡cks of

a particular stage. They couìd be counted in the manner described above.

The lizard to be infested was first checked thoroughly for ticks. and then

placed in a clean, washed, calico Iizard bag. Ticks, in the tick counting

devices, were brought to the lizard, the rubber bands holding the gauze cut,

and the ticks sprinkled onto the prospective host. The bag containing ticks

and lizard was sealed with stout rubber bands and placed in a quiet, dark

warm (z5oc) container. The bag was left undisturbed for at least 24 hours

and often 48 hours. The number of ticks attached and those remaining i,n the

bag could then be counted.



F igure 69. A dev i ce for handl i ng, col I ect i ng and

numbers of ticks in the laboratory.

counting large
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Append ix 3

Marking sleepy I izards Tv'achudosaurus r,wosus

During this study it was necessary to mark and release lizards in the

Mt Mary study area4and to mark lizards used in field and laboratory experi-

men,ts so that individuals could be distinguished.

Each I izard was marked in two ways. Fi rstly, ci rcuìar spots of scarlet

finger-nail polish were appìied to the dorsal surface of the ìizard. These'

were put onto one or more of four regions on the lizard; on the head (H),

Tail (f), the anterior part ôf the back (ef) or on the posterior part of

the back (BH). The colour marking could.then be easily recorded, e.g. a

I izard b/¡th 3 sçiots on the head and 1 on the tai I would be H3, Tl . The

second marking technique involved toe clipping. The toes on one foot were

numbered 1 to 5 from near the body working out. The feet were coded; RF -

right front (ìooking at the dorsal surface of the ìizard), LF: left front,

RH - right hind, LH - left h¡nd. Thus ,a I izard with the middle toe on the

right front foot and the first toe of left hind foot missing would be

RF3, LHI .

' lt was necessary to use both methods as.fingernail polish sloughed off

with skin when I izards moulted,and.l izards also lost toes in the f ield.

-a
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Appendi x 4

The following is a copy of:

Bull, C.M., Sharrad, R.D. E Smyth, M. (lgll).

The pre-molt period of larvae and nymths of the Aust.ral ian

reptiìe ti ck Aponornma hydrosaur"ù. Acaroìo9ia, l9(4): 593-600.



THE PRE-TÍOLT

OF THE AUSTRALIAN
PERIOD OF LAIì\'AE AND ì\Y}IPHS
REPTILE TICK APONO]I,TA,TA H)'DROSAUR]

B't'

It{. Bulr t, R. D. SH.q.nn¡o 2'3 and }f . Suvru 2'a

RÉsu¡rÉ

Dans les infestations sin.rples, la période nloyenne qui précède la mue 'r'ariajt pour les larves engor-
gé.es d'.4þortonnna ht,drosauri à 25oC dq 15 à zq jours, et pour les nlimphes engorS;ées de zo à 33 jours.
La période diminuait à mesure que la tenr¡rérature montait, nrais n'était influencée ni par la durée de
l'engorgenrent, ni par son poids final. Il falìait pìus de temps aux n1,¡1pþçs qui devenaient lemelles qu'a
ceììes qui cìcvenaient r.nâìes. I)es diflórences se sont manifestées dans la durée de ìa période moyenne
d'avant la lrue, entre les infestations sur hôtes d'une seule espèce, les infestations sur hôtes de diffé-
¡entes espèces, et les infestations sur ìrôtes pris dans de diflérentes régions de l'Australie du Sud.

Sulr¡reRy

\\'ithin single infestations the mean pre-molt period for engorged larvae of Aþononuna hydrosauri
af z5oC va¡ied from 15 to.z4 days, and for engorged nymphs from zo to 33 da1's. The period decreased
u'ith increasing temperature but r¡'as not influenced by engorgement time or engorgement weight.
Nymphs turning to females took longer than those turning to males. Diflerences u'ere detected in the
tnean pre-molt periods from inlestations on different individual hôsts of the same species, from infesta-
tions on different host species, and fronr infestations of stocks from difierent ìocaìities within South
Australia.

Ir.*TRODUCTION

Irr our investigations of the ecology of the Australian reptile tick Aþottontma hydrosøuri
(Bun and Sann, 476 ; Burr and Sul'ru, rg73; Ssnnneo, tg76; Srrrvru; r9)3) information r,,,as

needed about the life cycle. \Ä¡hile the timing of different phases of the liie cycle is u,ell knou'n
for manl' tick species (Anruun, ry62), there aie feu.descriptioirs in the ìiteratu¡e for reptileticks
(l{,,rocnerneN, 196o ; Cooxn' and H¡r's, rg72), and even feu-er for species of the genus Aþonomma.

r. School of Biological Scien'ces, Flinders Uni'r,ersitr- of South -{ustralia, Bedford Park, South Australia.
5e1"

z. Tttology Depa"rtment, Universitr- of Adelaide, Adelaide, South Australia, 5oor.
3. Present address : Adelaide College of Advanced Education, Jiinto¡e Ar,'e¡ue, Adelaide, South Austrelia

4. Died of cancer 1974.

Aærologia, t. XIX, Iasc. 1, rg77 3
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In this paper u'e describe measurements of the pre-molt period ol A. hydrosauri,lhal is the

tinrc taken from detachnrent of engorged larvae and n1'mphs to their rnolting to the next stage .

ìI¡rrnr¡,ls ¡.ND l\rETHot)s

Ticks uscd uere eithcr from laborator5'stocks, or fron natural infestations of frcldcaught
hosts. Ljnlcs-c otherrr-isc inclicatcd the host used t'as the sleePl' lizard Traclryd65atrrus rugosus.
As thev detached fronr their hosts engorged lan'ae and n1,¡npþs \\'ere placed in 3 ml ventilated
plastic tubes. These u'ere stored in gÌass desiccators above saturated solutic¡ns of salts chosen from
the table of ,\\'lxsrox and B¡rrs (rgSo) to provide a relative humidit¡- of 8S % u'ithin the desic-
cator. In most cases the ticks l'ere kept at 25oC over saturated IiCl. Daily checks x'ere maclt'
to ¡ecord the tinre taken b)' "".h tick to molt.

Rrsurrs

T1'picall-r', fronr a single infestation, thcre is u'ide variation bet'u'een individuat ticks in the
time betu'een detachnient fronr the host arrd nroÌting (fig. l), The nrean pre-ntolt period for
3z singìe infestatioirs of lan-ae kePt at tì5 9'o relatìr'e hunliditl and z5oC ranged from r5.o to
z4.z day,s. In tìre sanre conditions thc n-reall pre-nrolt period |or t7 single ínfestations of n1'mlths
ranged fron zo.c to 33.o da1's.

To test thc eflect of temperature, larvae, originating from the eggs of a single fcmale, l'ere
attached to a single host, and u'hen the¡' detacheJ u'ere divided into three groups and kept at
2oo,25o and 3ooC,respectit'el1'. Tesrr r shou's the pronounced decrease in the pre-nrolt period
u'ith increased temperature.

TABLE 1

I'lean pre-nolt periods in days of larvae fron a single infestation

kept at th¡ee different tenpetatutes.

TEMPERATURE

No. of engorged larvae

I4an pre-rnrrlt period

s.e. of nean

2oo -2so _^o
5U

108

31.03

0.22

75

18 .61

o.29

82

72.6s

0. 17

Other dala for both n¡'mphs and lan'ae consistentll' support ,this observation, although it
is not alu'a5's possìble to separate the effects of temperature fronì other potential sou¡ces of varia-
bilit¡'.

fn tu'o experirnents the ti¡ne taken to engorge on the host, and the finaì engorgeme¡tt rveight
at detachment n'ere recorded for each tick. For 96r larvae from selen hosts there \\'as llo col-
sistent relationship bets'een the pre-molt period and either the engorgement time or the engor'-
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gement v"eight. Nor u'as there anl' such relationship in z3o female n1'mphs or jn r 9r male nym¡rhs
from eight hosts.

fn each infestation the mean pre-molt period ol n¡'mphs turning to females s'as longer than
that ol n¡'mphs turning to males (Teerr z). Over eight hosts the diflerence betrveen sexes \\'as

statisticallv significant (F : S:S, p < .o2).

TABLE 2

The nean pre-nolt periods (ø) in days of la¡vae and nynphs fror

individual infestatj-ons of genetically hornogeneous gtoups of ticks

engorged on seve¡al hosts. Engorged ticks kept at 25oC.

EXPERII'IENT STAGE

74-r
(Li zard

larvae (lnfest density
(r
(s. e of nean

B

50
t7.44
0.48

D

250
7.79
0.27

E

250
18.20
0.26

larvae (Lizard
(Infest. density
(c
(s.e. of nean

F

900
r6.90
0. 08

c
200

17.37
0.17

G

200
17.52
0. 35

7 4-3 nyrnphs Lízarò,
Infest. density
-^l
s.e. of nean
f()

s.e. of neari

1

120
26.61
0.92

26.20
0.41

2
30

.s8

.61

.51
,42

0
2S

0

3
120

24.44
0.36

25.58
0. 54

t4-4 nymphs Lizard
I¡fest d ens ityÍ
s.e,
-o
s.e,

oì
, of mean

of rnean

G

230
24'.7 4
0. ó1

28.60
0-38

H

230
27.74
2.r7

32.33
3.91

J
50
50
50
31
40

24
1

31
4

K

50
26.56
2.87

37.14
4 .85

L
50

24.75
I .37

42.29
6. 51

74-2

fn T¡sLe 2 each of the four experiments involved infesting a number of lizards u'ith ticks
originating from eggs of a singìe female. Despite the presumed genetic homogeneitl' of the ticks,
there is considerable heterogetreitl, þs1*'.en hosts in the mean pre-molt period of ticks. For
instance in, the third experiment n)'mphs f¡om the first lizard had a signifrcantll' longer mean
pre-molt period than those from the other tu'o (F : 3.66, p < .o5). Initial infestation densìties
varied betu'een hosts in these experiments, but the mean pre-molt periods \\'ere not related to
densitf in an1' predictable u'a1'.

Tesrr 2 also shou.s dif{erences betrveen the tick stocks used in the diflerent experimetrts.
A. further analvsis comparing the mean pre-molt period of a number ol our laboratory stocks



TABLE 3

Mean pre-nolt period (r) in days of larvac and n¡mphs at 25oC fron different populations in South Australit.
For eacì locatity the latitude is shom, as well as the nuber of L tugoeus hosts used, the nuÐber of enSorged

ticks detachirg fron those hosts and the !ìean of standard error of the pre-rnolt periods for those ticks,

LATITUDE

(os)

oRr Grf'

OF

TI CKS

NO. OF

HOSTS

LARVAE

f s.e

NO, OF

HOSTS

NìXÍPHS

N

Ti ck e¡a

Ti ckera

Iliddle Beach

Pt. Gawler

Pt, Gewlet '

Pt. Lincoln
Hal idon

Cooboui e

Goo 1ì{a

Carpenter
Rocks

__o
JJ
_-ol-)

340

340

340

340

340

350
__o
J5

44'

441

191
I

30

30'

441

441

10'

30t

37o 5s '

Lab Stock

Field
Lab Stock

Field
Lab Stock

Lab Stock

Lab Stock

Lab Stock

FiÞ1d

Lab Stock

2

72

I
4

2

6

378

824

75

r98

236

72s

154

452

437

20.20

20 .34

18.61

23.39

17.93

77 .06

15.63

19.62

11 .82

0. 18

0. 33

0. 30

0. 50

0.18

0. 08

0.77

0. 16

0. 20

72 79

4 275

197

218

3

5

6 57

24 .82

21.35

25. s3

29.71

24 -53

0. 36

0. r5

0.26

7 .24

0.43

POPUI.ATI ON

TABLE ,4

' Mean pre-molt period (i) in days of Ìarvae at 25oc from a single

egg batch which have engorged on different host species, ln each case

a t-test is used to test the significance of the difference between the

larvae on the new host species and the pooled sanple fLom I. rugosus

HOST'SPECIES HosT'1 HOST 2 HOST 3

T. lwgosus No. of larvae
æ (s.e.)

50 61

16.44 (0.23) 16.13 (0.24) 16.43 (0.21)

76

A. baabahts N

J (s.e.)
t (signif)

11

20.46 (7.77)

6.72 (p <.00r)

31

16.87 (0.3s)

1. s6 (n. s. )

V. gouLdíi N

ø (s.e.)
t (signif)

3

16.33 (0.33)

0,02 (n.s.)

20

17.60 (0.31)

3.05 (p <.005)

T. scincoídes N r9

18.84 (0.71)

s.3r (p <.001)

7

17.86 (0.88)

2.17 (p <.05)

c (s.e.)
f (signif)
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(TeHlt' 3) shou's significant differc¡rct:s ìrets'een diflcrent colìecting localities rvithin S<¡uth Austra-
lia. There apl)ears to bc a trend for the popuìations from more southcrn latitudes (Port l-in-
coln, Car¡renters Ilock, Coobou'ie) to have shorter ìarval pre-molt periods at z5oC.

In another experinrent larvae from a single batch of eggs s'ere divided into nine groups of r5o.
-fhcse rtere used to infest three f. lugoslts, ts'o bearded dragon lizards (Anj>hittottrrtts bàrltalus),
trvo sand goannas (I/aranus gouldii) and tu-o soutìrern bìue tongue lizards (TiIíqua scirtcoidcs).
Thc pr-e-molt period at z5oC of engorged larvae fronr thesc nine hosts are shos'n in Tenr-r 4.

\\ihiìc the sam¡rle sizes'rlere not large for the other host s¡recies (due to the lorç success ol
larvaì attachnrent) the resuìts suggest that lan'ae feeding on T. rugosu.s had significantlv shorter
pre-molt periods.

Drscussrox

The nean pre-molt period of.larvae o{ A. hydrosøurí at z5oC'r'aried from 15'to z4 da1's,

ancl for nJ'mphs it va¡ied {rom zo to 33 da1's. These values are usuall5' longer than those report-
ed for other ixodid ticks from mamrnals (AnrHUR, r95r ; Anruun, t96z', Fnlnx¡x-ìf uHsau,
r9j8; Frrrrr¡x-Iluss-tlrr and lluus-q,rr, 1966; Raxnolrr, rg75; S¡ou', rg6g), but they are
shorter-than those reportecì for tu'o other reþtile ticks. It should be.noted that in these latter
tu'o cases, the re¡lort on Antblyoltlma (eontyrløc (NeocHATR..\\*, r96o) does not specif5'the condi-
tions used, and the stud5' on Anbl),otnntn lubcrcul,alunt (Cooxey and Heys, rgTz) involves the
use of a lnamrnaì for the experimental infestatjon. This makes direct comparisons difficult.

II A. hydrosauri is representative of the genus Aþononttna, then no major changes from
other genera have occurred in the timing of the molt.

Fjeld observations have indicated that most ol the engorgement and detachment actit'it1'
of this species takes place during the spring and summer months (Seþtember-Ifarch). I\feasure-
:.nents of climatic conditions ìn lizard refuge sites during this period shou' that z5oC is u'ithin the
range of temperature most engorged and detached ticks u¡ould experience. The laboratorl,
measurements of pre-molt period at z5oC should provide.an estirnate of the time taken in natural
populations.

The¡e are several factors u'hich can cause variation in the pre-molt period. Changes in the
relative humiditSr of the environment of the detached tick u'ere not investigated. It has been

shorln in other studies (Sn*or\', tg6g; Bnen,qc¡x, r973) that humidit¡' leveìs have little influence
over the rates of tick development. Temperature on the other hafid has a major influence.
Increasing the temperature leads to a shortening of the pre-molt period. This result has been

reported for a number of other species (e. g. AnruuR, t95r ; CooNrv and Har's, rg72; Sxor.l',
r 9{i9).

The time taken to engorge and the final engorgement u'eight do not appear to jnfluence the
pie-molt period of n1'¡¡p¡t or larvae of A. hydrosattri. This is opposite to the positive correla-
tior bet'u'een engorgement r,r'eight ar.rd pre-molt period reported bv H.e11.ln (tg¡z) for nvmphs
of trvo species o{ Hy,alonnna.

\\¡he¡e sexual difierences in pre-molt period u'ere obsen'ed in A. lryd7ss61rri the nYmphs
changing to females took longest. Difie¡ences betu'een sexes have been proviousll' reported
although the faster sex is'difierent in diflercnt species (H.r1¡an, tg72; Fernlr,qr-Jluss-qu and
l\Iuus.qu, r966).
' The variability in pre-molt periods betueen ticks engorging on different hosts of the samr-

species ma1, ¡ssull from diflerent hosts having diflerent ler-els of resistance. \\--rcl-qro (:gZS)
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shorved that the rate of develo¡rment o{ BooJthtÌus nticroþlrt.s is retardecl u-hcn it is leecling on

cattle u'ith induced resistance.
A. hydrosatøi. larvae have a shorter pre-molt ¡reriod s'hen the¡' have engorged on T. rugosus

than when feeding on any of three alternative reptiìe hosts. The species has becn collected attached
to a large nulnber of reptile specìes (Iìonrrtrs, tgTo; Srtr-rn, r973). Hou'ever our personal field
observations suggest that the sleepr'lizard T. rugostrs is the most comnon host specìes, the nrost

commonl¡'infested host species and the host species u-ith the highest densities of infestation.
Pcrhaps A. hydrosaurihas adapted its development processes to T. rugostrs, and it cannot develop
as {ast after feeding on diflerent host species. A similar effect u'as shou'n b1'Frrl;rtnx-lluss.'r¡l
and lluus¡.rrr (1966) lor Hyalonuna dront,edarii, and Bn.A.x¡ceN Fg¡+) suggest5 that some host
species are less suitable than others for the feeding o{ Rhiþiceþhalus aþþeudiutlaltts

There have onl¡' been feu' studies on tariabilitv betrveen populations of a single species

of tick (THoruas, 1968; GHEcsox, rgTr; P.cprnx¡ and Grl¡nt, ig74; Burl and S,rn¡,, 1976),

but jt is to be expected from other animal and plant studies that A.h)'drosauri r¡'ilì shou'genetic
differences betrveen populations, reflecting local adaptations. The va¡iation in the pre-molt
period b:tu'een populations mav be one such case.

A c ti 
^- 

os'1r n c E tr lì N TS

J'r:r'erlel'-lones and D:r'id l\f .q.nrl-r-. proi'ided technicaì assistance at various stages of the investigation

REFERENCES CITED

AnrHun (D.R ), r95r. -The bionontcsof Irodes hcxagontts Leacir inBritainr-Parasitologl',41 :82-9o.
Anr¡run (D.R ), t962.- " Ticks and disease ". Pergamon Press Ltd. 445p.
BReHecnN (D.), tSZl. - Observations on the development and survival of the ixodjd ftck Rhiþiceþhalus

aþþendicutalìrs Neumann, rgor under quasi-natural conditiond in Kenl'a. - Trop. Anim. Heaìth
Prod. 5 : 153-165.

BnnN¿c.A,x (D.), tSZ+.- The feeding performance of the ixodid Rhiþiceþhalus aþþendicr¿laløs Neum.
on rabbits, cattle and other hosts. - Bull. Ent. Res. 64 : 387-.1oo.

Burr (lt[.) & S¡nn (G. -T ), 1976. 
- 

The population structure of an Australian reptììe tick. I. Evidence
fronr a¡r esterase polvnrorphism.- J. Med. Ent. 73: t37-t42.

Btrrr (ltl.) ñ Srryrs (ì[.), 1973. - The distribution of three species of reptiìe Ticks, Aþonotttnta hydro-
sarrri (Denny), Antbltontma albolintbahon, Neunann atlò Antb. li.ntbalutn Neumann. II. - Aust.
J. Zool. 21 : ro3-rro.

Cooxry (J B ) & Hevs (K L.), t972.- Biononrics of the gopher.tortoise Tick AmL¡lt'ontnta htl¡crculalttn
I\farx. - J. l{ed. Ent. 9 : 239-245.

Frrnnex-lfuHSAr\r (8.), rga8. - On ìarvae and nvnrpìrs of some species of Palestinian Hyalotnma. -Parasitologl', 39 : 138-46.

F¡rru¡x-l\{UHSAìr (B ) & ìf uHs¿u (H. fr.¡, 1966 - On thc du¡ation of lan'al and nvmphaì quiescence
in male and fenaìe ixodid ticks. -Bulì. Ent ]ìes.57 : ror-ro6.

Gn¡csox (J D.), rg7r.- Studies on tu'o populations oI Ixodcs Àirgr'Bishopp (Ixodidae). - Can. J. Zool.
49: 59r-597.

Ha¡¡an (N. P.), rg72.- Biochemical and ph¡'siologica) studies ol certain ticks (Ixocìoidea). ReJationships
betrveen rveight and nroìting of. Argas anà Hyalonnrrn n1'mphs 

- J Parasitol, 58'. tocz-tozl.
NancHerH¡x (It.), 196o. - The lile historl' of Antblt,ontnta gcotn!,da¿. 

- Stud. Inst. Ifed. Res. l\f alar-a,

29 : zr7-224.



_60<l_

P.ep¡nx¡ (ì.) & GtleuI (If .), rgTl - I\forpìrrrltr.gicaì r,'ariabilit_r-, ìrost rangc an<ì distribution ol ricks
of lhe Rhiþiceþhalus sattgttiuc.us conrpìex in Israc,l. - Ann. Parasitol, 49 : 3;7-367.

Rexoor-pH (S E ), 1975.- Seasonal d1'namics of a lrost-parasile st'stern : Itodcs trtattguliccJ'ts (Acarine
Ixodidae) and its small mammal hosts. - J. Aninr. Ecc¡ì. 44 :425-449.

SltvrH (lI.), 1973. - The distribution ol threc species ol reptile ticks, Aþononuna ht,drosarrzi (I)ennr') ,

Anblyontnta albolintbalto¡t, Neunrann anð Amb. limbalunt Neumann. I. Distribution and ìlosts.

- Aust. -1 . Zool. 27 : gt-tot.
Sxou'(K. R.), 1969. - The life historl'of Hyalonnta analolicunr lioch, rE44 (Ixodoidea, Ixodidac)

under laboratort conditions. - Parasitologr',59 : to5-tzz.
Tnortes (P A ), r968 - Geographic variation ol the rabbiLLick Hacntaþltysalts leforisþalusl¡is in North

America. - Unir'. Kansas Science tsull. 47 : 787-828.
\\/ecuxn (8. ì[.), 1975.- Host resistance to cattìe tick (Booþhilus nicroþltts in Brahman (Bos indirl,ls)

cattìe. I. Responses ol previouslt unexposed cattle to four inlestations u'ith zo,ooo l¿¡1,¿s. -Aust. J. Agric. Res. 26 :.ro73-8o. .

\\¡rxsrox (P. \\'.) & B.cr¡s (D. H ), r96o. - Saturated solutions for the control ol humiditf in biologìcal
research. - Ecolog¡', 44 '. z3z-234.



178.

Append i x 5

The following is a coPY of:

Bul l, c.M. s Sharrad, R.D. (1980) . The population structure

of an Australian repti lé tick, Aponomma hydrosawi (Acari :

lxodidae). .|-Ï. 'seasonaì dynamics in experimental enclosures.

J. Aust. Entomol. Soc., (¡n Press)-

This paper rePorts, in part, on the data discussed in 3'33'

It al.so presents additional information which is referred to

in 3.312.
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Abstract

In two enclosures near Adelaide, South Australia, the reptile tick,

Aponontna hydtosaw"i. was reared on the Lizarð TrwehydosalÀ?'us rugosul.

Tícks went through one and three conplete life cycles in 18 and 26 nonths,

respectively. Feeding activity continued six nonths of tt" year but activity
stopped during the cooler nonths of April to September.
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Introduction

A knowledge of the changes in abundance in different seasons is inportant

in the study of any population. In populations of the Australian reptile

tick, Aponornna hydrosaw"L (Denny) (Acari:Ixodidae), ì¡re have studied dispersal

and genetic structure (8u11 and Sara 1976), the non-randon patterns of host

infestation (Sharrad I977, Bul1 1978), and the geographic distribution,

which abuts with but does not overlap those of other reptire ticks in

South Australia (Snyth 1973, BuIl and Snyth L973, Sharrad 1977). We needed

information about seasonal changes in the tick poputation to incorporate

into nodets which night be used to explain our previous observations.

In most studies of tick populations the host populations are randomly

sanpled throughout the year and the seasonal dynamics recorded from these

samples (Randolph L975, Clifford et aL.', 1976, Macleod et aL., 1977,

Patrick and Hair L977). For /. hydrosaw"L this approach is inadequate becâuse

large sarnples of the hosts are available only in spring and early srunnter

(Sharrad L977). Further, with infestation patterns being heterogeneous between

individual hosts (Bul1 1978), srnalI host sanples may give biased estimates

of infestation levels in the whole host population at the tine of the sanple.

To overcone this problern we enclosed small sub-samples of the host population

and scored the numbers of ticks attached to each host on each sanpling

date. In this way the entire population of attached ticks in one area

could be monitored.

This paper reports the seasonal changes in infestation of,4. hydz'osauri

observed on enclosed populations of the sleepy l-izard Iraehydosaus'us rugosll's

Grey.
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Materials and Methods

Enclosures were constructed from sheets of flat galvanised iron, formed

into a circle, with the botton edge of the iron buried 15 cn under the soil

surface and the wal1s supported by steel or wooden stakes. The first

enclosure (10 n circumference; 45 cn wall height) was built.near Pt. Gawler

(40 km north of Adelaide, South Australia) in Sept . L970, on grazed open

grassland with a 1ow scrub doninated by )Learia arLLlaris and Aeaeia LiguLata.

In Jan. 1975 a second enilosure (20 n circurnference; 75 cn wal1 height) was

built on the southern edge of the Flinders University c¿Lmpus (10 kn south

of Adelaide), an unused area of grassland and olive buShes ()Lea etu'opea) .

The sleepy ltzard T. r.ugosus is the most conmon host for all three

stages of A. hydtosauri (Roberts 1970, Snyth 1973, Sharrad 1977). At both

e;çerirnental sites ?. Tugostts occumed naturally, and were commonly

infested with .4. hydtosatu"L. Both experirnents wete started at a time when

engorged f,ernales were laying eggs in natural populatiôns.

In the first experiment four tick free I. z,ugosus were each exposed

in the laboratory to 400 unfed larval /.. hydtosaw"L, and then introduced

into the enclosure on 30th March, L97I. This experiment ended on l5th Sept.

1972 when the enclosure was found destroyed by vandals ol strong col4ls.

The second experiment started on 29th Jan. 1975 with three'T. z'ugosas each

previously exposed in the laboratory to 200 unfed larval ticks. The number

of tizards in the enclosure varied from three to six during this second

experiment and oÇcasional dead or rnissing lizards were replaced within a

week. Observations were continued rxrtil 2nd May, L977 -

Both enclosures included 1ow bush and grass clunp refuge sites for lizards

as well as sheets of corrugated iron. They were visited each we'ek to record

the nunber and instar of A. hgdrosatn'i attached to each host and the proportions

of these that were engorging
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Results

The total nurnber of ticks of each instar that were attached to lizards

in each enclosure at each observation time are shown in Fig. 1 and Fig. 2.

The percentages of attached larvae and nymphs which vrere engorging at each

observation date during the second experinent are shown in Fig. 3. Mean

nonthly maxirnum and nininrnn temperatures for Adelaide (Fig. a) indicate the

prevailing clinatic conditions.

The two experirnents showed similar seasonal changes in the pattern of

abundance of each instar. In the first experiment, of 18 months, the tick

population developed through one complete life cycle from larvae to adults

and then to the next generation of larvae. (Fig. 1). The larvae which were

initially attached to the lizârds engorged and detached during autunn (up to

May 1971). Some rnore larvae attached during the winter and early spring (Ju1y

- Sept. 1971). Presumeably these had been present in the enclosure before the

experinent. Over the same period (June - Sept. 1971)nynphs attached. From

Sept. 1971 to Jan. 1972 tlne m¡mber of attached larvae declined.because they were

engorging and detaching fron their hosts. By Jan. 1972 no larvae were left on

the lizards and no nehr larvae attached until the following spring (Sept. 1972).

The attached nynphs also engorged and detached during spring and surnmer (Sept.

1971 - Feb. Lg72) until none were left on the lizards by the end of Feb. 1972-

After the nyrnphs had started to detach adult ticks appeared on the lizards for

the first tine (Dec. f971). Females engorged and detached during surnmer and

autumn (Feb. - May Ig72). The larvae which were probably the progeny of these

fenales, first attached to the lizards in the following spring (Aug. - Sept . 1972) -

The second experinent was followed for 26 months and by the end of this

tine there appeared to be some generation overlap in the tick population.

There were some changes in the Lizard population which had najor consequences

on the size of the attached tick population. Most significant were the theft
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of all lizards on 19th May, 1976 the death on 4th Feb. 1976 of a l:_zard which

was the host of 78 adult ticks, and the loss on 22nd Feb. 1976 of a lízarò

with 262 larvae attached. These losses did not affect infonnation concerning

attachment and detachnent activity.

Many of the larvae initially attached to the lizards in this experirnent

Fig. 2,3) engorged and detached during the sunrner and auturnn (Feb-March 1975).

The first nymphs 'attached to the Lizards in early autl¡ffì (March-May 1975),

but nost rernained without engorging until th.e following spring (Oct 1975).

Some larvae also rernained attached but unengorged during the winter. Larval

nurnbers increased again fron Aug. 1975. Larval engorgement becarne increasingly

frequent after Oct 1975 and until rnid-sunner (Dec. 1975) by lwhen all attached

larvae had dropped from their hosts. Nynphs started to engorge in spring

(October 1975) and continued to have a high engorgenent rate until late sunmer

(Feb. L976) when they had also all detached.

Meanwhile, following nymph engorgement and detachnent in spring, adults

started to attach to lizards during surnmeï and autumn (Jan-March 1976).

Adutt numbers declined in April 1976 partly frorn a high detachrnent rate of

mated, engorged fernales, but also because of predation on attached ticks,

probably by mice.

The second generation of larvae in the enclosure started to attach in

autumn (Feb-May 1,976). Some of these engorged and detached quickly and nynphs

appeared on the hosts in late autunn (Apri1-May 1976). In the 1976 winter,

after April, attached larvae and nymphs did ,roa "rrrotr" and only a few new

ticks attached. Then in nid August there was a large increase in attached

larvae, although subsequent engorgement and detachrnent of larvae only becane

conmon in late spring (Nov. 1976). Shortly after this the nunber of attaching

nymphs increased (Dec. L976). Larvae continued to engorge and detach until



noné were left on the hosts in nid srrrnmer (Jan.

engorge and detach until the end of March 1977,

hosts had also declined.

6.

1977). Nynphs continued to

by when their nurnbers on the

The adult ticks present in low numbers on lizards in the late winter (Ju1y

-August 1976) nust stili. have been of the first generation. (No second

generation nymphs had yet detached). Their detachment and egg laying in

spring (Oct.-Nov. L976) would have contributed to the increase in larvae at

this tine. Those larvae were sti1l part of the second generation. Second

generation adults were probably attaching in early su¡nmer (Nov.-Dec. L976)

after. early nynph detachnents. They probably nade up a najor fraction of the

rising nunbers of adults attaching and engorging in late surnmer and autlrmn

(Jan-April Ig77). At least sorne of the larvae which appeared in increasing

numbers in summer and auturnn (Jan-April 1977) and the increased numbers of

nymphs (March-April 1977) would have been of the third generation in the

enclosure.

Observations in the second experinent were stopped in May 1977. A1I

Iizards were ïemoved fron the enclosure by August 1977. In February 1978 three

further lizards were put into the enclosure and within one week they had

become infested with 291 larvae, four n¡rmphs, 11 nares and rl fenares'

Discussion

In the enclosures the tick populations had an active phase of attachrnent

and engorgement during the warrner monthg (generally October to March) when

there was rapid progress through the life cycle. For instance ticks which

were larvae in spring 1976 developed to adults and their progeny reached the

nyrnphs stage by autunn Ig77. The populations also had an inactive phas,e in

the cooler months (generally April to Septenber) when tick development stopped

tenporarily. During this tine attachment and engorgement were infrequent.

Some ticks spent the non-feeding winter period attached to their hosts. Many
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larvae and nymphs did this during the 1971 and 1975 winters, only starting

engorgement in the following springs. Other ticks spent the winter off the

host. l4lhen all lizards were stolen in May L976, onJ.y a few ticks attached

to the replacenent lizards over the fotlowing winter. The nany larvae which

attached in the next spring most have overwintered on the ground, either as

eggs or unfed larvae.

Although a winter diapause has been found in some tick species (Belozerov

and La¡nanova 1967,Irunler lg73), it is more likely ttrat A. hydtosawL developnent

. is controlled by tenperature through its influence on host behaviour. In

tre enclosures weekly records showed that the lizards moved very little during

the.winter, staying for long periods in single refuge sites. There was little

opportunity for ticks waiting elsewhere in the enclosures to contact the host

and attach. Furtherrnore hosts overwintering in refuge sites would have 1ow

body telnperatures and netabolic rates. Ticks may require some rninimun host

temperature oï rate of blood circulation before feeding is possible. Reptile

ticks have seasonal constraints on developnent which nay not be experienced by

ticks which feed on horneotherms.

A. ?ryd.t'osauz"i can also spend long periods off their hosts during the active

season. The population in the enclosure survived tlre 1977-1978 sunmer without

any hosts to feed on for nost of that period. The persistence of a population

does not depend on the irnrnediate availability of hosts' even in the period of

the year when ticks are most active. The tine that ticks can survive without

hosts in the field would be influenced by the availability of suitable micro-habitat

I¡ laboratory conditions unfed ticks can be kept alive for up to two years

The experinental enclosures probably represented ideal conditions for

the growth of tick populations because of the density of lizards with enforced

snall ranges of activity. This would increase the chance of a tick quickly

finding its next host and could speed the passage through the life cycle and

alIow more generations per year than in a natural population with fewer lizard's'



8

Acknowi edgements

This research was supported by funds from a University of Adelaide post

graduate award and the Flinders University Research Budget. Advice was given

by Dr. M. Snyth and Dr. A. Butler, and assistance by D. Martin.

References

Australia Bureau of Meterology (1975) - I'Climatic Averages Australiatr. Aust.

Gov. Publ. Service : Canberra.

Belozerqv, V.N. and Lananova A.I. (1967) - Developrnent of winter diapause

and response to the length of day in Dervnacentor matgirntus ticks in

central Kazaakhstan. Med. Parazit. 36 z 464-469.

Bul1, C.M. (1978) - Heterogeneity of resource utilization in a population of

the Australian reptile tíck Apornnrna Vrydtosauti. EcoL. EntomoL. 3:

17r-r79.

Buil, G.M. and Sara, G.J. (1976) - The population structure of an Australian

reptile tick, Apononrna hyfu,osaurL (Acari: Ixodidae) . I . Evidence from an

esterase polynorphisn. J. Med. Entomol. 1-3: I37-L42.

Bull, C.M. and Snyth, M. (1973) - The distribution of three species of reptile

ticks , Açsononrna Vtydrosaut"i (Denny) , AmbLyormna aLboLítrbaúi,lz Neumann, and

Anb. Linbatwn Neumann. II. Water balance of nylnphs and adults in relation

to distribution . Att'st. J. ZooL. 27: 103-110.

Ctifford, C.M., F1ux, J.E.C. and Hoogstraal, H. (1976) - Seasonal and regional

abundance of ticks (Ixodidae) on hares (Leporidae) in Kenya . J. Med..

EntomoL. J.3: 40-47

Immler, R.M. (1973) - Untersuchungen zur biologie und okologie der zecke

Derrnacentoy, xeti,cuLatus (Fabricius, 1794) (Ixodidae) in einern endemischen

vorkonnensgebiet. 8u11. Soc. Entomol. Suisse. 46: I-70.

Macleod, J., Colbo, M.H., MadboulI, M.H. and Mwanaumo, B. (1,977) - Ecological

studies of ixodid ticks (Acari: Ixodidae) in Zanbia. III. Seasonal activity

and ãttachment sites on cattle, with notes on other hosts. BuLL. Ent. Res.

a



9

Patrick, C.D. and Hair, J.A. (1977) - Seasonal abundance of lone star ticks

on white-tailed deer. Enu, Ent. 6: 263-269.

Randolph, S.E. (1975) - Seasonal dynanics of a host-parasite system . Inodes

trtanguLiceps (Acarina:Ixodidae) and its sna11 mammal hosts. J. Anim.

EeoL. 44: 425-449.

Sharrad, R.D. (1977) - Studies of factors which determine the parapatric

distributions of three species of South Australian ticks. Ph.D. Thesis,

University of Adelaide.

Snyth, M. (1973) - The distribution of three species of reptile ticks, Aponoruna

hydtosaw"L [Denny) , AmbLyoruna aLboLímbaú¿¿z Neumann and hnb. Lirnbatwn

Neumann. I. Distribution and hosts. Aust. J. ZooL. Ü 91-101..

Roberts, F.H.S. (1970)- rtAustralian ticksrr C.S.I.R.O., Melbourne.



FIG. I

FIG. 2

FIG.3

FIG. 4

r0.

Numbers of A. hydrosatn'i larvae (open circles), nyrnphs

(closed circles), females (open triangles) and rnales (closed

triangles) attached to lizards during the first experiment,

fron April I97L to Sept. 1972

Numbers of A. hydnosauri Larv'"; (open circles) , nymphs

(closed circles), females (open triangles) and males (cI.,sed

triangles) attached to Iizards during the second experinent,

fron Feb. 1975 to April 1977 .

Percentage of attache,l /. hydrosøui Lawae (open circles)

and rrymphs (closed circles) engorging on lizards in

the second experintent. The arrows and the nunbers above then

indicate when engorged females åetached, and hc¡w many did so.

Monthly average maximurn (open circles) and ninimum (closed

circles) temperature for Adelaide; fron: Australia:Bureau of

Meteorology (1975).
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Append i x 6.

The foìlowing is a draft coPY of:

sharrad, R.D. r King, D.R. (1980). The geographical distribution

of repti le ticks in western Austral ia. Submi tted to Aust. J. Zool.

The information provided in this paper is referred to extensively

in Chapter 2.
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by
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Adèlaide Col lege of the Arts and Educatlon, Kintore Ave., Adelaide,

South Australia, 5000.

Vermin Control, Agriculture Protection Board, Forrestfield,
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ABSTRACT

ln a study of ticks which parasitize reptiles in the western half

of Australia; eight species vrere identified including two undescribed

ticks. The data confirm that three species, Atnblgorwna albolimbatum,

Anb. Iinbatum and Aponomma hgdrosaurì, have distributions which abut

with very l¡ttle overlap (¡... they are ParaPatric). Ap. fimbriatum

is sympatric with Anb. aTbo[imbatum and Ap. hgdrosaurj. The other

ticks identif ied, Ap. sp. nov.' Amb. sp. nov. '. Art?b- calabgi and

Ornithodotus gurnegi,were not'found in sufficient numbers tö al low

mapping of their distributions.

Data are also presented on the hosts of the ticks and on the

occurrence of t icks on i slands of f the l^/estern Austral ian coast

I I NTRODUCT I ON

Smyth (lgll) made a detailed study of the geographical

distributions of three species of reptile tic.ks, A¡nnorwna

hgdrosaurí, AmbTgotwna aLboTÍmbatum 'and AmbTgomma Timbatum, in

South Austral ia. He found that wherever any two of the three

species contact they abut and overlap very I i t.tle al.ong 'long

boundarîes, i.e. they are Parapatric. ln some cases the

boundari es are assoc.iated wi th marked ecotones (Sharrad , '1979)

and it may be hypothesized that the distributíons of the tîcks

are limited at these because in a very short distance

envi ronmenta I cond i t ions become i n imi cai . However, .Smythrs

(lglÐ observation that west of Spencer Gul f, where al I three
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spec¡es are present, AP. hgdrosauti and anb- fimbatum are

separated by a broad band of anø. albolimbatum while east of

Spencer Gulf where Amb. aTboiinbatum does not occur these two

species are in contact, gives some suPPort to the hypothesis'

that the boundaries may be the results of some interaction(s)

between the species,

The ticks are distributed widely in Australia and all three

occur in the western hal f of the continent. l'le addressed

ourselves to discovering whether paraPatry is the general

condition for these ticks.and to the examination of related

species to see if similar patterns exist.

MATERIALS AND METHODS:

The data used to compile the maps and tables below come

from three sources.

Live I izards and snakes from known local ities were

examined for ticks which were removed and preserved in

70% alcohol, as voucher specimens. Ticks were

identified by the taxonomic keys of Roberts (1969,

1970). ln some cases it was virtual ly impossible to

assign specimens, particularly larvae and sometimes

nymphs, to a particular species although one could

recognize their generic affinities. Vlhere the ticks

on a host were thus only partly c'lassified they were

listed under the generic label as an undetermined

species. These should not be confused with two
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spec¡es urhîch we recognized as undescribed species

these have been classified as "sp. nov.rr.

Ticks found attached to rePtiles preserved in the

l.Jestern Austral ian Museum's col lection, v',ere examined

and identified. They have been placed in the

Arachnology collection of the l'Jestern Austral ian

Mus eum.

Earl ier distribution data had been compiled by

smyth (1973).

I I I. RESULTS:

Eight tick species were identified including two

undescribed, but readi ly distinguishable, ti cks one an Apononna

and the other an Aniblgowna. These ticks and the hosts which

they had parasitized are shown in Table 1.

The geographÌcal dîstributìons of Amb. albolimbatum and

Anb., Tinbatum are shown in Figure 1. Anb. Tinbatum occurs

widely in semi-arid, arid and tropical Austral ia whi le

A]r4b. albolimbatum is confined to the south-h,est. The tick's

distributions do not overlap, howçver, there is insuffïcient

data to confirm that theY contact.

?

3



TABLE 1

Dti I ¡an hosts recorded from V/estern Austral ïaA list of ticks and theîr re

Amblyomma Amb.

albol imbatum calabyi

TICK
HOST SPP

SPP

Aqami dae

Moloch horridus
Ch I amydosâ u rus k ing i.i

Scincidae

Egernia multi scutata
Tiliqua multÎfasciata
T. occipitales
T. rugosa
T. scincoides
Varan í dae

Varanus acanthurus
V. glebopalma
V. gouldi i

V. panoptes
V. pilbarensis
V. semi remex mi tchel I i
V. tirnorensis
V. t imorens i s gl auert i
V. timorensis oriental is
V. timorensis scalarÌs
V. tristis
V. tristis central ís
V. tristis oriental is

Amb. Amb.

I ïmbatum sp?
Aponomma Ap.

fimbriatum hydrosauri
0rni thodorus

gurneyi
Amb.

sp. nov.
Ap.

sp. nov.

1

1

1

2

22

I

2B

1

0
6

83

7
2

16
1

61

1

2

2
4

2
1

1

3
1

\

28



HOST

TICK
SPP Amblyomma Amb. Amb. Amb

albol imbatum calabYi I imbatum sP?
Amb. Aponomma AP. AP.

sp. nov. fÎmbriatum hydrosauri sp. nov.
0rn i thodorus

gurneyi
SPP

Bo i dae

Aspi dites melanocePhal us

A. ramsayi
Liasis chi ldreni
L. ol i vaceus
Python spi lotes

Colubridae

Boida irregularis
Dendrel aphi s punctualatus

Elapidae

Acanthophi s antarct i cus
Demansia affinis
D. nuçhal is
Notechis ater
Pseudechis austral is

1

2

12

3

7

2

1

1

2

5

1

41

f
l.¡l

I

1

1

1
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Ap. hgdrosau¡i occupies only small portions of the south-

western corner of l.Jestern Austral ia. Fi gure 2 shows that there

are at least two and possibly more disjunct populations of the

tick surrounded by the more widely spread Anb. albolimbatum.

These species are parapatric in the Cape Naturaliste area

(FiSure 3) and are probably similarly related in the

Albany-Bremer Bay areas.

Figure 4 contains distribution data on Ap. fimbriaËum and

Ap. sp. nov. which are the only.ticks, other than those above,

which were found in sufficient numbers to enable analysis.

ep. nlrnnriatum is common on snakes and goannas in the south west

and ís sympatric with ap. hgdrosaurj and Anb-'alboLimbatum.

Ap. sp. nov. is probably restrîcted to tv,,o goanna species in the

north west and ís sympatric with Anb. Timbatum but much more

restricted in range.

Ticks have been identified from hosts found on islands off

the western coast of Australia. Table 2 lists these and the

time of separation of some of these islands from the mainland as

this gives minimum times for the occurrence of the ticks on the

adjacent mainland.
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IV. DISCUSSION:

(") Factors which maY Iimit.the ranqe of ticks

The distributions of tick species have often been shown

to correlate broadly with vegetation and soil tyPe. This

pattêrn has been noted in many Parts of the l'/orld; in

Russia (Brovko, 1966; Drozdova and Sapegina, '1965; Popova

et al , 1966; Subotnik, 1956), in North America (Semtner

et al , 1971), in Scari.dinavia (Ohman, 1961) and in South

Africa (Theiler, 1964). The reason for such correlations

was clearly demonstrated by Milne (1944) in a study of the

sheep tick, rxodes ricinus, in the north of England. He

showed that the nature of the microhabitat of the tick

whîle off the host was crucial in that it was at this stage,

of their life cycle, that they were most vulnerable to

dessication, starvation or extremes of temperature. The
/

two factors, temperature and humidity, are perhaps the most

important cl imatic factors influencing t¡ck development and,

thus,, distribùtion (Arthur, 1962). These factors may vary

with variations in soil type and vegetatÎon thus the

correlation with tick dïstribution I imits.

The area under consideration is huge and is subject to

widely different cl imatic conditions. The south western

corner of Austral ia has an extreme Mediterranean cl imate

characterized by cool wet winters and hot very dry summers.

Surnrner ambient temperatures frequently exceed 4OoC in much

of this area and I ittle or no effective rainfall is

-a
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recorded from December to April in most years (Australia:

Bureau of Meteorology, 1975). Much of the central region

of VJestern Austral ia is arid and has low and i rregular

rainfall with great varíation from year to year, I,linter

temperatures are generally low and sunmer temPeratures

are often very high (Austral ia: Bureau of Meteoroìogy,

1975\. North l^restern Austral ia has a monsoonal Pattern of

rainfal I with a pronounced rrwet seasonil f rom November to

April, when temperatures and rainfall are both high, and a

relatively miId "dry season" during the remainder of the

year. The annual isotherms and annual eVaporation for the

western half of Australia are shown in Figure 5, and

rainfall isohyúes are shown in Figures 1-3.



9

TABLE 2

The Occ urrence of Reptile Ticks 0n I s I ands 0ff VtesÈern Aust ra I í a

The numbers in brackets are the apploximate times (in years

before present) that these islands have been separated from the

mainland. These data are from Abbott (tgZB).

I SLAND TI CK SPEC I ES HOSTS

Ba rrow

Be rn i er ( 8, 000)

Boongaroo (Prince Frederick Harbour)

Byam Martin (BonaParte Arch.)

Dirk Hartog (6,ooo)

Dorre

Heywood (largest) (Bonaparte Arch.)

Kool an

Ambl yomma

I imbatum

Amb I yomma

al bol imbatum

Amb I yomma

I imbatum

Apononrna

sP. nov.

Aponomma

sP. nov.

Amb I yomma

al bol imbatum

Ambl yomma

albol imbatum

Aponomma

sp. nov.

Aponomma

sP. nov.

Varanus acanthurus

Ti I iqùa rugosa

Varanus gouldi i

Vara¡us glebopalma

Varanus gl ebopalma

Ti I iqua rugosa

Ti I îqua rugosa

Varanus timorensis

glauertî

Varanus gl ebopalma
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I SLAND TI CK SPEC I ES HOSTS

Lovuenda I

Mondrain (Recherche Arèh.) (t2,000)

North Twin Peaks (Recherche Arch-)

Rottnest (7,OOO)

Sir Graham Moore (Bonaparte Arch.)

South Mation

South VJest 0sborne

l,lest VJal labi 00(lz,o )

Amblyorma

I îmbatum

Ambl yomma

albol imbatum

Ambl yomm.a

al bol imbatum

Ambl yonuna

al bol imbatum

Ambl yomma

I imbatum

Ambl yomma

I imbatum

Amb I yomma

I imbatum

Ambl yomma

albol imbatum

Not known

Tiliqua rugosa

Ti I iqua rugosa

Ti I iqua rugosa

Va ran us

acan thu rus

Va ranus

a can t hu rus

Varanus timòrensis

g I auert i

Python sp i lotes
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Apart fron changes in cl imatic factors (temperature and

humidity),other factors in the environment of a tick might

I imit its range. These might include the avai labi I ity of

suitable hosts. Ultimately'the distrîbution of ticks is

Iimited by that of their hosts however, some ticks infest

a number of species so that the range of the Parasite might

exceed the range of a particular host species.

ln the case of ticks with parapatric boundaries the

possibi I Îty that interspecific înteractions might be

important in determining the position of the boundary and

the degree of overlap, must be considered. However, no such

mechanism has yet been uncovered in these animals.

(b) DI STRI BUTI ON PATTERNS :

(i) Apononana hgdrosauri

There are two striking features of the distribution

of this tÎck ïn south western Austral ia (f¡gs. 2 and

3). The first is that it and Anb. arboTimbatum are

parapatric as they are on Eyre Peninsula in South

Australia (Smyth, 1973). The second feature is that

it ii confined to smal I areas of higher average

rainfall than those in which it occurs in south

eastern Austral ia (Smyth , 1973). lt is pertinent

here to note that Bull and Smyth (lgll) show that

Ap. hgdnosauri is ìess able to withstand desiccation

than Amb. aTbol-imbatum. This physiological limÌtation,
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and the fact that the summers in south western

Austral ia are relatively long and dry, compared with

the south east (Austral ia: Bureau of |4eteorology,

1975), may well be important in limiting the size of

these rel ict Ap. hgdrosauri populat ions. However,

the 'marked parapatric boundary of th¡s tick wi th

Anb. aJbolinbatum requires that the possibil ity be

considered of competÎtïve interactions playing a role

in determining the present distribution.

(¡i) Amblgomma aLboTimbatum and AmbJgorwna Timbatum

The d î st r i but ions of entr. -2.imbaturn and

Amb. aTbolimbatun in western Austral ia are generally

in agreement with those reported by Smyth (1973) for

this regïon. Anb. a7bo7ímbatum forms parapatric

boundaries with ap. hgdrosauri and may also with

Anb. Iimbatum but add i t ional data are necessary to

confirm this. Bull and Smyth (lgll) demonstrated that

Anb. aTbolimbatum is in many ways more resîstant to

long periods of desiccation than Anb. Tinbatum. This

observat ion seems at odds v,,i th the observed

geographical range of the ticks in that Anb. Timbatum

occupies regions which are apparently rnore arid.

However, we do not know whether or not the boundary

between the ticks is stationary.
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(i¡¡) Apononmna fimbriatum

It is intriguing to note that this tick appears

to be absent from the north western port ion of

Austral ia. lt does inhabÎt the north east of Austral ia

and parts of the Northern Territory (Roberts, 1970).

This gap in its range is unìikely to be due to a

scarcity of appropriate hosts as in the south west,

Ap. fintbriatum infests snakes and a goanna (varanus

gouTdii) which also occur in the northern areas.

(iv) Aponomma sp. nov.

This tick has been found only on y. gTebopalma and

v. timorensis gTauerti and seems to be restricted to

the Kimberly region of \^lestern Austral ia and northern

parts of Northern Territory where these occur.

(u) Ambfuomma sr . nov-, Anbl uorllfna cafabtli and Ornjthodörx

gurnegi

Few specïmens of these species have been found and

no accurate account can be given of their distributions.

Arnb. sp. nov. has been found only once; attached to a

blue-tongue I izard, Tiliqua scincoides, near Derby.

Antb. caTabgi may wel I be'wide spread in central

Austraì ia and had previously only been reported from

Varanus giganteus. lt has now been collected from

v- gouldii. o- gurnegi is primarily a mammal tick
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although it has previously been found on ?. Tugosa

(Sharrad , 1979).

(c) pAsr D lsrRlBUTtoNS 0F THE TtcKS:

The existence.of at least two (possibly more) apparentìy

separate populations of ep. hgdrosaurj in south western

Austral ia and their extensive distribution in south

eastern Australia (including Tasmania) suggests that the

distribution was much more extensive in the past. Whether.

the diminished distribution of the species has resulted

from changes in sea-leveì and submergence of parts of their

former range and/or from unsuccessful competîtion with

Amb. aLbolimbatum can not be determined.

The present d¡stribution of ¿mb. albol-ìmbatum is most

readìly explained ¡f ¡t is considered that this species

originated in south western Austral ia and has subsequently

spread eastwards to Eyre Peninsula (as suggested by Bull,

1969). The fact that it does not occur in the south east

of Australia and that it occurs north of ep. hgdrosauri in

the south west suggest that .ap. hgdrosauri occupied a

southern band of Australia stretching from east to west

before ¿mb. al-bol-imbatum began to spread towards the eas,t.

The relationship between the morphologically simììar

but distinct species Amb. al-bolimbatum and Anb. linbatum is
/)

of potential interest to evolutionary researchers. The

ticks are found on islands off the coast whose time of
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separation from the mainland can be assessed.,and on at

least one such island (Bernier lsìand) both species occur.

Thus some idea may be gained of Past movements, if any, of

the boundary between the ticks. lf the boundary between

them proves to be truly parapatricrit will be of interest

to determine whether, it is an example of primary or

secondary contact and whether these closely related tÎcks

hybri dize.

(d) INTRA SPECI FI C VARIATION:

0ur investigations revealed considerable morphological

váriabi I ity within species. Thís was part¡cularly

noticeable in etnb. J-imbatum where the degree of body

ornamentation, body size and shape of ticks varied between

I ocat i ons .

ln some areas of the north west' specimens of this

species were very small when compared to southern ticks and

the size range of adült males lay outside that described

by Roberts (tgZO). ln additionrsome ticks, eventually

designated as emb. Timbatum, closely resembled ent. moteTiae.

I¡Je antîcipate that a close investigation of Amb. l-imbatum

and its close relatives may result in the identificatÎon of

a number of readi ly distingui shed sub species or species.
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FiS. 1

Fig. 2

Records of anb. aTbofimbatum ( O ) and ¿¡rb- Timbatum ( r )

in western Austral ia.

Rai nfai I isohyets are al so shown ( 
- 

200mm 
-) 

.

Records of ena. alboiinbáËum ( a ) and Ap- hgdtosau¡i

( O ) in south western Austraìia.

Ra infal I i sohyets are al so shown ( 

-200mm - 
) '

Anb. sp. nov. (

Austral ¡4.

Fig. 3 Records of enb- aibolimbatum ( O ) and Ap- hg.drosau¡i

( O ). in the Cape Natural iste area'of south western

Austral ia.

Fis. 4 Records of ap. fimbriatum ( r ), ¿p- sp- nov. ( o ),

O) and..am.b. caTabsì ( r ) inwestern

Fig. 5 The average annual isotherms (-----oC"---) and average

annual evaporation (-mm-) in western Austral Îa.
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