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SUMMARY
This work further elucidates processes involved in promoting and sustaining
evolutionary diversification within the gall-inducing thrips that specialise on
Australian Acacia. A phylogenetic approach was taken to determine modes of
diversification available to these insects. The extension and revision of the
gall-thrips phylogeny is central to the work and primarily focuses on cryptic
populations of the Kladothrips rugosus and Kladothrips waterhousei species
complexes. Parallel diversification, where the radiation of the K. rugosus and
K. waterhousei lineages broadly mirror one another, offered a rare opportunity
to test hypotheses of coevolution between gall-thrips and their Acacia hosts. In
the absence of a reliable host Acacia phylogeny, indirect inference of
insect/plant cospeciation can be arrived at as these two complexes share the
same set of host species. The expectation is that if the phylogenies for the gallthrips complexes show a significant level of concordance, then cospeciation
between insect and host-plant can be inferred. Results indicate that the K.
rugosus species complex comprise populations at species level. A significant
level of phylogenetic concordance between the two species complexes is
consistent with gall-thrips lineages tracking the diversification of their Acacia
hosts. Given the less than strict form of insect/host cospeciation, factors
impacting host diversification become important to gall-thrips diversification.
Gall-thrips radiated over a period during the expansion of the Australian aridzone. Cycles of host range expansion and fragmentation during the Quaternary
could have played a major role in gall-thrips diversity. An interesting feature of
resourse sharing amongst the K. rugosus and K. waterhousei complex members
is the apparent absence of competitive exclusion between them. The
persistence of this sympatry over millions of years is an unusual feature and
merits further investigation.
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GENERAL INTRODUCTION
Conspicuous absence of surface water, oscillating drought and flood, extreme
temperature, nutrient deficient saline soils, strongly weathered landforms, and
millions of years – is the setting of the research presented here. The taxonomic
foci are the Acacia (Leguminosae), a dominant feature of arid Australia and
host to specialist gall-inducing thrips (Insecta: Thysanoptera). Evolutionary
conservation of affinities bonding such plant and phytophagous insect groups
offer a means of untangling mechanisms driving evolutionary diversification.
The theory of coevolution put forward by Ehrlich and Raven (1964) has been
one of the more influential explanations for the enormous diversity of
phytophagous insects and is a central theme in this work.
Four manuscripts are presented as chapters addressing the following
broad questions: (i) is there a reproductive boundary defining two morphotypes that specialise on the same host species; (ii) what systematics describe
two species complexes comprising other morpho-types inhabiting different
host species and to what extent do insect and insect-plant groups codiverge;
(iii) to what degree does host plant diversification facilitate gall-thrips
diversification; and (iv) what ecological processes maintain diversity among
gall-thrips on Acacia?
About 5500 described species of thrips are known throughout the world
either living on fungi or green plants exploiting leaves, buds, flowers and some
with the ability to form galls. Of these species, approximately 3200 belong to
the family Phlaeothripidae in the sub-order Tubulifera. The subfamily
Phlaeothripinae comprises approximately 2500 species and at least 250 of
these species feed exclusively on Acacia foliage (Crespi et al., 2004). This
group is distributed mainly in Australia, India, and Southeast Asia. Before this
work, 22 described thrips species induce galls on phyllodes of Australian
Acacia (Morris et al., 2001). Gall-inducing Acacia thrips represent a
monophyletic group (Morris et al., 2002) implying that the ability to induce
galls (see Appendix I) has arisen once. Gall-thrips induce galls on young,
actively growing phyllodes (a flat dilated petiole functioning as a leaf) of
Acacia by the feeding activity of females and fully enclose the founder within a
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few days after initiation. The number of individuals that develop in the gall
varies between species and can be more than one thousand or as few as twenty.
All thrips develop through two mobile larval stages, two or three mobile pupal
stages, and eclose as adults (Crespi & Mound, 1997).
Acacia gall-thrips comprise cryptic populations at undefined
intermediate stages between polymorphism and full species margins.
Polymorphisms, cryptic species, host races, biotypes, and ecological races are
various stages in differentiation in a continuum from single to separate species
(Bush, 1969). Differentiating between them remains a contiguous area. Cryptic
species cannot be distinguished on the basis of morphology and might indicate
recently diverged taxa (Walker, 1964; Jaenike, 1981). The Kladothrips rugosus
(Froggatt) species complex is not grossly distinguishable at the morphological
level (Crespi & Worobey, 1998; Mound et al., 1996). However, variation in
gall morphology within the K. rugosus complex rivals interspecific gall-form
variation. Gall morphology is not strictly unique at the species level. Evidence
of divergence, derived from gall measurements (Crespi & Worobey, 1998)
among some of these cryptic populations, raises the question of the degree of
differentiation among populations in the K. rugosus species complex. To
identify important factors propagating diversification in this group, species
delimitation, host affiliation, historical biogeography, and ecological
considerations are explored using phylogenetic approaches.
Taxonomic formalisation of sympatric gall-thrips morpho-types that
belong to the K. rugosus species complex and specialise on the same host
species, establishes a systematic perspective for these taxa. Phylogenetic
inference is used as a platform to test hypotheses of cospeciation and
convergence between gall-thrips and Acacia hosts. Climatic processes
impacting the expansion of Australian arid-zone biomes provide background to
explaining gall-thrips diversification in terms of host diversification. Resource
sharing among gall-thrips taxa specialising on the same host is then explored
using a phylogenetic approach to explain the maintenance of gall-thrips
diversity across evolutionary and ecological timeframes. Phylogenetic
inferences made in each chapter are generated from varying numbers of taxa
depending on the objective pursued in each case.
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This thesis presents work in the form of multi-authored manuscripts.
The Candidate wholly contributed to the laboratory, analysis, and discussion
components presented. The following contributions were made by various coauthors: Chapter I drew on the taxonomic expertise of Dr. Laurence Mound,
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elements of the literature review in the Introduction and general discussion in
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commentary from my supervisor Associate Professor Michael Schwarz and cosupervisor Dr. Tom Chapman. Funding from grants awarded to Schwarz and
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VII

REFERENCES
BUSH G.L. (1969). Sympatric host race formation and speciation in frugivorous
flies of the genus Rhagoletis (Diptera, Tephritidae). Evolution. 23: 237-251.
CRESPI B.J. MORRIS D.C. & MOUND L.A. (2004). Evolution of Ecological and
Behavioural Diversity: Australian Acacia Thrips as Model Organisms.
Australian Biological Resources Study, and Australian National Insect
Collection, Canberra.
CRESPI B.J. & MOUND L.A. (1997). Ecology and evolution of social behaviour
among Australian gall thrips and their allies. In: The Evolution of Social
Behaviour of Insects and Arachnids (ed. by Choe J.C. & Crespi B.J.),
pp.166-180. Cambridge University Press, Cambridge.
CRESPI B.J & WOROBEY M. (1998). Comparative analysis of gall morphology
in Australian gall thrips: the evolution of extended phenotypes. Evolution.
52: 1686-1696.
EHRLICH P.R. & RAVEN P.H. (1964). Butterflies and plants: a study in
coevolution. Evolution. 18: 586-608.
JAENIKE, J. (1981). Criteria for ascertaining the existence of host races.
American Naturalist. 117: 830-834.
MORRIS D.C. SCHWARZ M.P. COOPER S.J.B. & MOUND L.A. (2000).
Phylogenetics of Australian Acacia thrips: the evolution of behaviour and
ecology. Molecular Phylogenetics and Evolution. 25: 278-292.
MORRIS D.C. SCHWARZ M.P. CRESPI B.J. & COOPER J.B. (2001). Phylogenetics
of gall-inducing thrips on Australian Acacia. Biological Journal of the
Linnean Society. 74: 73-86.
MOUND L.A. CRESPI B.J. & KRANZ B. (1996). Gall-inducing Thysanoptera
(Phlaeothripidae) on Acacia phyllodes in Australia: host-plant relations and
keys to genera and species. Invertebrate Taxonomy. 10: 1171-1198.
WALKER T.J. (1964). Cryptic species among sound-producing enisferan
Orthoptera (Gryllidae and Tettigoniiddae). Quarterly Review of Biology. 39:
345-355.

VIII

