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Chapter 1

General Introduction



1.1. Rationale

population dynamies (Price et al, 1986; Minchella and Scott, 1991; Poulin, 1999). They

Poulin, 2005; Huds

al, 2006) reproduction

Hamilton and Zuk, 1982). Groups.

; 11998). 1

insectsocietes (Lin, 1964; Lin and Michener, 1972; Alexander, 1974; Anderson, 1984

Schmid-Hempel, 1998).

19924; Crespi and Mound, Crespi, 1998;

Chapman et al., 2000; Kranz et L, 2002 and Chapman et al,, 2008). The glls induced by

by species of Bagnall

Kladothrips for the K eyele




figh

19923; Crespi, 2004). Rates of

ptothrips
the “Hiders', low in the “Fliers and high inthe ‘Fighters”(Crespi et al, 2004). Sociality

1997, ate i with their

and Abbot, 1999).

.

‘may have on the form of sociality seen in the Kladothrips.

1.2. A Note on nomenclature

K d The K

species, for example, are witten as K. ntermedius, K. warerhousei, K. rugosus ctc.

Nomes of itten as K

are writen at the start of a sentence.

thips host Ireferto the




ips gall, which

are invaded by the Koplothips.

1.3. Classifieation of Thrips

Thrips belong o theinsect order Thysanoptera. Although Thysanoptera

2005). Thrips

whichis

present a the apical end of te tarsus on each leg (Mound, 1980; Heming, 1971). When

Morrs, 2000). They undergo

006)

currents to disperse erially (Mound, 2005; Lewis, 1964; Lews, 1965). Movement of

world (Mound, 2004). Worldwide, 5500 species have been described (Mound 20025;
Mound 2002b; closer

10 o001,

Phiacothripi
(Crespietal., 2004).




by them are specific t certain regions.

‘Across Australia, 250 thrps specics belonging 1 the sub family

M 1,200 1., 2004; Mound 2004 is, 2004). The

Plurinerves and Julflorae, with a few of them belonging to Phylodineae (Morrs et al,

2002; Crespi et al., 2004). These thrce Australian Acacia sections do not have bipinnate

leaves, ly Leguninosae. 9l
bya 2002). The lfe
are intricately e Acacia bosts. Thi

this thesis: 1) Acacia Oswaldii i a dense shrub about 2-6m tall It has linear




Lay, 2003). ithas

Austalia® 001

spread out and is usually about 3-7m tall. The spreading of the canopy is more.

P ith age. It can be casily

e i from seeds

from We 001).3

measuring 3-5 m tall It has a spreading bushy canopy with s branchlets appearing

Itis widespread

2001,
Jassify p
) ploiters’ by Crespi
etal., (2004) - Thrips th
gall-inducers Thrips that

domiciles or in empty iches not produced by other thips. Both Parastes and

environments.




regard o ther sheltering, defence and reproductve strategies (Crespi, 1992s; Crespict

aL, 1997; Crespi and Worobey, 1998; Chapman et al, 2002; Crespi et al,, 2004; Perry et

L., 2004; Kranz, 2005),

1.5 Defining eusociality

He it Wilson's

Fitzgerald, 2005). Crespi and.

P
Throughout
my thess,
Crespiand Yanega (1995).
1.6. Acacia gall-inducing thrips
i
004
2002)
e 007a; McLeish et .

2007).



increasing aridification in Australia (MLeish et al.,2007a; McLeish et ., 2007b).

inat © 1,2008)

“Fliers’ and *Fighters’) g
morphologcal and behaviour adapatons (Crspi o, 2004)

16,1, Hiders

A ilifl

are generally spherica, The foundress s highly physogastic (increased cgg producing

capacity). 1

uniil favourable conditions arive (Crespi et al, 2004).

162 Fliers

Fliers are found mainly in the semi arid zone. Like the hiders, they t00 induce

nearly sphericalgall exhibit igh e
A lurinerves.
Crsp 004, 0
(Cresp and Mound, 199; Cresp and Worobey, 199) be thoughtofas




Worobey, 1998). Geneti ha

(MeLeish et al, 2006; MeLeish et al. 2007a; MeLeish et al, 2007b). One of these:

i, McLeish, 1
(MeLeish et al, 2006),
163, Fighters
o
forclimbs
from enemies
Consequently,they were termed ‘soldiers” (Crespi, 1992b). Female soldiers show reduced

maturity). Seven species are deseribed as eusocial based on Crespi and Yanega’s (1995)

definition i i, 1992b; 1995 C

1997; Kranz et 2001; Willis et al, 2004). The group i generically referred 0 as

“fighters’ (Cr

004). Overall, the ‘fighter”

hapman et al, 2008),




Al fighter” i L

2004). Species withi '3

Worobey, . 2004), The

hand

Chapman, 2007),

Hardy and

“fighters” B
Bagnall and K. rochayi, whose larvac eclose within the gall, the larvae of all other

“fighter’ taxa cclose in th soil (Crespi et a, 2004).

1.7 Infl " i ife histories of the gall-
inducers

Parastes

‘ 0 1., 2003) Natural

ay Fdiversif 3

2005). Shifing of

1997; Crespi and Abbor

1999; Crespi et a, 2004; Chapman et al., 2008).Life histores of the solitry (those:



“soldier caste - i “Hider” and *Flier”

witinthe gall ol 2008). H from both
e and Fighter Kopothrps,
The e
1. 2008

2004). In contras,the “fighter

1997; Crespi et al, 2004),

1.8, The evolutionary history of Koptothrips spp.

1971) The

plant shift

(Morrs et al, 1999; Morris et a, 2002). Engaging ina parasitic behaviour would offsct

s



Abbot, 1999).

species, Ko. xenus, Ko, zelus and Ko. dyskrius where females use anal secretions 10 seal

Mound, 1997;
Crespi and Abbot, 004). Addiional
Ko.xemus and Ko. zeluscan cach form  substructure with a singl gall, which may be
1997),
agallby
Koplothrips
tal, 2004), Wit the lineage of the presentday
Ko,
nd K bbot, 1999). OF
K followed by Ko,  Ko. dysh
respectively.
1.9. Behavioural ecology of Koptothrips spp.
foundress

‘ 19920).




(Crespi 1992, b; Crespi and Mound 1997; Perry et al,, 2004; Crespi et al., 2004). The

y orhrips. Koptothrips

by efc " st
Sl fighting off K K habrus and K. 3
2000 Ko.zeusand Ko.
2004, By
fore legs. Crspiand

Mound (1997),sugest that Ko. flavicornis may be using venom, which i delivered

tal, 2004). The fighters’

likely to

004). For the Koptothri
also means certain death (Crespi et al, 2004). Therefore, the gall i vital forthe survival

of both Kladorhrips and Koptothips.

Koptothrips invasion rats are higherin the social (fighter’) species than in

the solitary (‘fliers) ones (Crespi and Abbol, 1999).

agall
(Crespi et al., 2004). But this observation is also consistent with the longer if spans of

“fighter” gals. ‘Fighters" produce longer-lived galls and the production of sodiers

2008).




even after lled. However, i

(Perry etal, 2004; Crespi et al., 2004; Chapman et al, 2006, Chapman et al., 2008)

1.10. Model for Koptothrips evolution

parasies evolve along the lineages of their hosts (Price, 1977; Thompson, 1994;

Thompsan, 1999). Crespi and 9

(Fig. 1.1). They by,

i amaco sal
with Ko. dyskritusinvading galls of multiple solitary species ‘flir” suite) and Ko,
favicornis atacking gall of mulipl social species (‘fightr” suite). Lineages of Ko.

zelus and Ko. xenus specialize in invading solitary species, K. ellobus and K. acaciae

and Abbot, 1999). Acacia e,

posible that Ko wl J

Abbot, 1999).

LL11. Thesis overview




that

(Crespi et al., 2004). Life history varistion within the Kladothrips has emerged as a

ng, Crespietal,,
2004). 1 he their
“Flier’ and “Fighter”
c ly, localized host-invader
dynamics, i "
Ko.favi Ko, dyskrius that
k dif
Bbor, 1999) intra-species

within these two invaders.

The overarching am of my dissertation s 0 begin a study tht focuses

within the Koprothrips. In Chapter 2, ook at Koptothrps invasion patiems in a single

host, K. inermedius. The si e

Chapter 3 focuses on




favicornis and Ko. pop




Koptothrips dyskritus

Kidothips i sute(sliary)
Koptothris enus
Koptothrps v
Kiodothrips ellobus
Nadoth
i Koptothips seus

Kladothrips acociae

Koptothrps flavicomis
Kiodothrips Fighter suite (socal)

Figurel 1. Model of Kaprotfrips evolution (adapted from Crespi and Abbot, 1999),

specics, Kladothrips acaciae and Kladorhrips elfobus respectively. Koptothrips

ritus and Ko

within the Tlier®(solitary) and “Fighter” (socia) suites respectively. Koptorhrips

galls of “Flier' sp i«



Chapter2

Koptothrips flavicornis and Koptothrips dyskritus gall-exploitation

patterns in a population of Kladothrips intermedius



2.1. Introduction

1998). Relaive

ind Ebert, 2004). Consequenly,

(Thompson, 1994; Thompson, 1999; Gandon and Michal

bbor, 1999). Froggat

invader genus, Koprorhrips Bagnall (Crespi and Mound, 1997; Crespi et al, 2004). Galls

produced by “hiders’ are rounded and

gall “Fliers'p

other socil gallers, the trade-offfor the investment n the production ofsoldiers has

bearing

Kladothrips species have been described as eusocial (Crespi 19924; Crespi 19920; Crespi,

1994; Mound and Crespi, 1995; Wils et al. 2004). Glls of social species are thought to



belmgli I 1.,2004). A

004). A preference for longer-lived

evolution of the Kladothrips clade (Crespi and Mound 1997; Crespi and Abbor, 1999).

broader suite o s with Ko,

“Dier® K

Kladothrips hosts that belong to the “fighter group. These two Koplothrips speces are

“sibling’ species.
e

bbo, 1999). patterns of both Ko. dyshritus and
i espi and Abbot, 1999 Crespi et al 2004).

‘ P ———



oswaldi. f s i

001
which
‘could imply that sy
1,2008). However,
K intermedius
h Ko,
2006). Investigating.
h i yin thir gall-inducing.
hosts. y study Vi
‘composed of? i) Is K- K e
I : i and solitary host.

Vincages? (i) If K. intermediu is ot exclusively invaded by ane species, how do the two

invaders exploita common resource?”

2.2 Materials and Methods
221 Field site and gall collections
In June 2008, gals were collected from a single Acacia oswaldiitree. This

Field s32°

$6.765'E 137°23.696') which s situated approximately 20 k North West o the port



ity of Whyalls, South Ausirala. 4

(approximately 1000 k). In 2008, a survey of trees along a 22k strech ofdit track on

proper 0

from thistree. In May 2009, we surveyed trees within 10 km radivs from the ield

30 km north of $32° 57927

E137° 14.607).

atotal of ten tres.

“C. After .

100% ethanol

(Memorial University, St John's, Newfoundiand and Labrador).

222

Il measurements and dissections

ollow tha s reated. Where the sides of the phyllode meet is called the astole, the lip of

the gall. The length of the gallis the exterior measurement taken along this ostile. The

taken using a pair of digital vernier callpers.

pened by creating sl =




inhabitants.

lrush, @

thrips.

223 Species identifi

much larger than K¢ L

(presumably, o

223.1. Gall-inducers - Kladothrips intermedius

Kladothrips intermedius dispersers have a distinetly pale brown yellow 3

al, 2004) The

adult form of
this spcies, the soldier. Soldiers have reduced antennae, truncated wings and cnlarged

forelgs. Larvac of K i havery

brownish yellow spots behind their heads (see Figure 2.1).

head, with

1971),



the second invader, Koptothrips dyskritus. Also, the antennal segments [11-VIIl of Ko.

004 Ko. dyskrinis was

observe. i s Il

i,

(Crsp et ., 2004). However, variation i colour has been abserved for several

1971). The

“distinet
(see Figure 2.1 that are haracteristic ofthelarvac of the galinducer K. inermediss,
notd e

2233, Sex idenifcation

, nd Ko

sexcs by noting the sculpturing of the terminal segments of the abdomen. The cuticular

pigmentation of allspe 1

pecimens. Voucher

specimens of both Ko. lavicornis and Ko. dyskitus males and females have been

» F Biology, Memorial

the Entomology Laboratory, Plant Heath and Production, Ottawa n the Canadian

National Collection.



22,4, Gall census and analysis

of Kk Ko,

lavicornis and Ko dyskritus were counted. Note tat pupae were rarely present, so larvac

pupac uveniles'. Adul
e sex. The
Miritah version 1
both
e diferences i
femal
00 imes).
for both nvader specis.
23 Results
231, Hoss
I genersl,galls contaning K. a "
juvenils. g

lif-history when dispersers have all eclosed.



232, Tnvaders

1n 2008, galls invaded by Koptothrips composed approximately 12 %
(37/170) of the sample. Of these invaded gall, 56 % (21/37) were invaded by Ko.

Ko. dyskritus. 1n 2009, %

(36/630) of the galls were nvaded by Koptorhrips. OF these galls, 98% (35/36) were.

invaded by Ko. dyskritus and 2% (1/36) were invaded by Ko.flavicornis. The presence of

Ko.

reported predominantly Ko. lavicornis (Chapman et al., 2006). Invasion rats for the

Table 2.1 ons, Ko. flai nd Ko

only a single Ko.

gall was found in 2009,

are rom the 2008 collection anly, except where noted.

Ko it K
s of the tim. Galls it wer never
2009). e K
w invaded
shad These
"
Ko flavicorns and in Table 22,




36, two tiled, P>0.05) (Table 2.2). However, differences n the number of juvenils for

the two invaders was significant (n=36, two tailed, P<0.05) (Table 2.2).

g cees. In

invaded a gal. Results of the exploratory data analysis for the number of Ko. dyskrtus

10462, two-

ailed, P> 0,05, 0~ 16).

the strength of 121 it ill remained
non-signifcant (+= +0.12, two-ailed, P> 0,05, n = 13). The reltion between juveniles

2).For Ko. lavicornis i

sigificant (r = 0.497, P < 0,05, two-tailed,n = 20). A trend between Ko, flavicornis

females and juvenles was observed (Figure 2.3)

@



suggest that Ko. dyskrinus would preferlager galls. However, comparisons for

. two tailed,  two tiled, P>0.05) of
2.4. Discussion
K
e d Ke \
(Chapman et sl 2006), where Ko.
invader found. Middicback
spe P H h

(personl communication), who is  coauthor on the Perry et al. (2004)study, confirmed
that it was Ko. flavicornis that was collected from K. intermedius galls

Crespi and Abbos (1999) model for Koptorhrips evolution s, i par, based

X

(Chapman et ., 2006 sudy is consistent with this view), while populations of Ko,

And, the ‘wrong’ invader
i gall would be considered incidental and not a challenge 1o this view. Since the 2008
e

yet Ko. id Ko. dysk




that Ko. dyskritus (e “novel” invader) s found in simila frequencies (2008) or they are

Kofu My

fic trai ing the i of31% of

K usy

‘Abbor, 1999). In contras, my study showed  much lower ate of Koptothrips invasions

12

rates for social species i general (23% - 32%, Crespi et al. 2004), but well within that of

Crespi et al. 2004). ina

but

K. intermedius may also be a specal case

bath
(Table 2.2). These.
1l (Table 22)
number
). Additionally, differ
i female vs. his
(Table 22). Asig P




present i the gal are the offspring of this group of females. The adult Ko. lavicornis

wll “The adlt Ko. dhsiitus

the gall sl

2003). While Ko, aKe

(Table 2.2), thei partitoning of K

2003). Soldiers are:

the frst 0 cclose within a K. intermedius gall, which s at the early stages ofislfe cycle

in33% of Ko.

K i in

lif cycle of K. intermedis.

spietal., 2004)rears.




Kleptoparast Walter, 2009)

Kk dius 0d Ko

all pan

with

the hosts rather than taking over (Crespi and Abbet, 1999; Crespi et 2004). Retaining

maintain it have not bee

pact i 9

Tamalia inguilina (Miler, 2004)

host. Ko,

been abandoned. dyshritus that

ind Mound,

bbor, 1999; Crespi ctal, 2004).

- ‘



10 Ko, dyshritus” where the

e

ucers have emerged (Milr 2005,

Neither Kopotip speics was ver observed 1 share a gll. This
hese
Unfortunse
e gl
Ko flscorisand
K

‘compeition. Similaly, by examining gall contents for debris from host bodies, we could

Ko dyskrins.

However,if hese two invadersare direetly competing with one another and

emerge.In the

Luiilize DNA

invaders

sheep sation property.



N
-
=
! 1
3 4 :
- A - 8.

Figure 2.1, 1 .

highlighting their distinguishing characteristics.

A
Kladothrips inermedius lara.
e

Note:

X ritus arvae. n this
a K
e .

present. i
lavicornis arealso seen in Ko. dyskritus larvae.




Table 2.1

Middleback, South Australia

Galls contaning ve
Invaded Gals
v Sl Gals soldiers
collected nvaded by
Koptothrips " Koptothrips  Koptothrips  Koptothrps Koptothrips
Flovicomis_dysteitus _flavicomis _ dyskrtus
) » 1 s o 0
w8 1m0 Bl 2 1 7 3
w4 .
o000 204 u .
e a2 31
collections.
H ho
sl
They

are presented for comparative purposes.




Tabl

from K.
intermedius galls invaded by Ko. flavicornis and Ko. dyskritus
Koptothrips | Koptothrps
Tvicomis dyshitus
Average no.of females na gall 64108 (107) | 73266139
Average no.of jveriles na gall suss1 198389

Diferences i no.offemales in an invaded gal

=36, two tailed, 2005

Diferences inno.ofjuveriles inan invaded gall

36, two talled, P<0.05

Diferences i gall length preference.

33, two tlled, 005

Diferences n gallwidth preference

133, o talled, 3005

Correlation between Ko, dyskritu females and
Joveniles when the three outers were inluded
nthe anayss

Correlaton between Ko, dyskitus females and
Iovenleswten h e cutlrs er
from the analyss

Carelaton between Ko flavicormis emales and
Jovenies

240462, P>0.05, two-tailed, n =16

£240.12,7>005, two-alled, n 13

240,497, < 0.05, twotaled, n 20




‘Adult Koptothrips dyskritus females.

15
10 .
s
P . .
o® PR
o 10 0 0 W 0 5

Koptothris dyskritus juveriles
Figure 2.2, A scatter plot showing the relation between the number of Ko. dyskritus
females and the number of Ko, dysritus juveniles present within a gall. Data points

that do not it the observed trend are highlighted in

ey




‘Adult Koptothrips flaviconis females

o 2 4 6 8 100 120
Koptothris flvicomis uveniles
Figure 23. A scattr plot showing the relaion between the number of Ko. flavicornis

females and the number of Ko, flavicornis juvniles present within a gll



Chapter 3

Host fidelity in Koptothrips flavi

rais and Koptothrips dyskritus

populations



3.1 Introduction

A

» 1964; Farell etal,

1992; Thompson, 1994) Insect-plant interactions are vita 10 our understanding of host

1988 Juenike, 1990; Barraclough et al, 1998). I turn,
1980; . 198; Fox
etal., 1990).
(MeLeish et al, 2007a; MeLeish et al., 2007%). The strict Acacia - Kladothrips
fic gall invasions of
£ .
enus and Ko, zelus,
observed in Ko, " My
» hat both Ko, K in galls

of the social host, K. intermedius. Having different invasion patterns (o uilize the

resources of a common host may have enabled Ko. lavicornis and Ko. dyskritus to

persist together on K. apter 2).

invasions could have emerged much earler in the lf history of Ko.flavicoris and Ko.

hosts




through host shifls whee they move between closly related hosts (Jaenike, 1990; Norton

and Carpenter 1998; £ 1, 2003 McCoy 004

o coexist n the long term without competitve exclusion. Crespi and Abbot’s (1999)

©

soliary ips

of distributional overlap of the Acacia hosts,

At Middicback, K. rugosus (solitary), K. waterhousei(social) and K. nicolsoni

(solitary) share a common host plant, Acacia papyrocarpa. Togethes with K.intermedius,

invasi

where

Ko Galls

populations that




(Nyman, 2009).

o0 008). The altemate

Populations of both

Molecul
Genetic
e Inthis study, | ted Koptothr
Jia, Middicback and Oodnads
Middicback i fidelt
Fhost h
ocations.

003




within a phylogenetic approach (Hajibabaci et al., 2007).

Materials and Methods

32.1. Feld sites and gall collections

Host

in South Australia - Middicback and Oodnadatta.
321, Middicback

Middieback, K

collected In 2009, galls of K.

found i the

3212, Oadnadatta
Oodnadatta is located approximately 800 km north of Middleback in South

Australa’s arid climatc region. Acacta calcicola, the host plantof K. morrisi is

" i this During the 2009 f il

of K. morrisi were collcted along the Painted Desert-Evelyn Downs-Copper hills

section Track, Marree in

South Austra




322 Species identifications

sl K i

provided in

Chapter 2). Unli

on this ree (K. rugosus, K. nicolsoni, and K. waterhousei (K. waterhousei was not found

rugosus and its

invaders. DN MeLeish and

K. rugasus using the key in Crespi et al. (2004).

Galls of K. morrisi are found on Acacia calccola in the Oodnadatta region

by 001). Kladothrips

2004). Again,

K morrisi and

its invad i fes i K intermedius,

Ko. flavicornis and Ko. dyskritus, are covered in Chapter 2 while those for K. rugosus, K.

aK




32.2.1. Kladothrips rugosus (as deseribed by Crespi et al, 2004)

. while being.

s VI of

3222 Kladothrips nicolsoni (as described by MecLeish et al 2006)

3 Identification
Keys for K rugosus as described by Crespi and colleagues (2004) wil st sid in
identifying K. nicolsoni. However, he following descripion provided by MeLeish and

collcagues (2006) will help i

inguish K. nicolsoni from K. rugosus. Kladothrips.

from K. rugosus. The sculpturing on the third abdominal tergite consists of reiculatons
hat are uniformly sized in comparison to K. rugosus

3223, Kladothrips morisi (as deseribed by Cresp et

22009
The Il is i -

VI are brown. Antennal segment IV has two sense cones. The pronotum is wider than

long. €1 “The forelimbs of =

Forthe soldi parallel

3224, Voucher specimens

K. a from alls of




Biology, 1 aboratory,

Plant Health and Production, Ottawa in the Canadian National Collection.
323 DNA extractions, Polymerase Chain Reaction (PCR) amplifcation, and
Cytochrome Oxidase subunit 1 (CO 1) sequencing.

DNA j e d Ko dyskritus

Q

extraction. The extracted DNA was amplified in 15l reaction volumes. Each reaction

2.5l of 47l of Nuclease:

free water, 0.6 il of 04 lof:
of MECly and 1.2 l of template DNA (average concentration, 12 ng/u). The primers C

132183 (CAACATTTATTTTGATTTTTGG) and A-2735

(AAAAATGTTC ITTA) (M A -
the following PCR pr 2 min Hot Start; 92.°C, 10
30 n
1 eyeles of 92°C,
c n i '

3730 DNA Analyzer through the Genomics and Proteomics (GaP) Laboratory at



5wl of Big Dye

w1 05 plof

water and 2 l of PCR product average range of concentration (10-50 ng/ ul). Two sets

. within s co 32 tom
., i The Sequencing
for S mins. Following i, th PCR
epcesaf96°C ion, 47°C
The PCR pr i A
y 1 of 125 mM EDTA and 6 of95%

ethanol were added 1o cach sample and they were incubated for 30 min at 4°C. Post

bat i 3000 rpm for

discarded. A second wash of 150 ul f 70% sthanol wasadded o cach tube and
centrifuged at 3000 pm for 15 mins, The supermatan was discarded nd he samples
‘v airid for 10-15 mins, Each sample was the r.suspended in 15 il of ABLHi-Di
Formanide befor bing loaded ono the Anayzer

324, Sequence accuracy.

The ips 1 seq

obtined. g ¢ and

bl . . ’ Bl to ind simil




sequences. [such s tsbit value (E-

\ value)]of it the newly
obtained Koptothrips sequences.

325, Genetic distance analysis

e
s
i
| svined
A ——-—-
[H—— o1
‘ sequences of| i pr
e TS 0
- P
et
———
(s, 07




of 1 among lineages (Tamura & Nei 1993; Tamura et al, 2007).

3.3 Results
33.1. Gall collections

from galls of K. dius and

nicolsoni. Koptothrips dyskritus was collected from K. icolsoni, K. rugosus, K.
intermedius and K. morris.
332, Haplotype diversity
3321 Koptothrips flavicornis
Atotalof i i 4

e i K nicolsoni

Each host-

" From both

specific Ko,

(Table 32).

856187, .

332.2. Koptothrips dyskritus
Atotal o 17 specimens were sequenced. Twelve specimens (six each) were
sequenced from K. intermedius and K. nicolsoni gl collections, three from K. morrisi

and two from K. I




from the

alls of K. rugosus, K.nicolsoni and K. morrisi (Table 3.2). A total of 67 variable sites

were observed within a 488-bp-length fragment (refer to Appendix for sequences). The

HQS30529-
HQS30539).
333, Sequence Accuracy
The queried h
- in GenBank. E-
always zero.
BI Handbook, 2002). For Ko. the

Ko. flavicornis CO1

followed by the CO 1 sequences of K. ntermedius (Accession no. AY902988) and

F448295). i
confirmed Ko. dyskritus haplotype seaquence o be deposited in GenBark. The closest

‘match for the Ko. dyshritus haplotypes sequenced in this study was also Ko.flavicornis

011 sequences of

(Accession o,

AF448295). Details of the sequence accuracy results are summarized in Table 3.3,
334, Genetic distances

Disa

scctions while in the Tables (342, 3.4b, 3.53,3.5b), they are writtenin decimal format



For Ko flavicornis,

fi e 3.4a). Ko,

149%-18% (Table 3.4b)

3.4b)

3342 Koptothrips lavicornis

from galls of Acacia rees.

N

South Wales,refer to Table 3.1 for sampling details) the collection from were about 5%
divergent (Table 3.53)

3343, Koptothrips dyshritus

1%. from

‘ 3.5b).



‘One of the haplotypes (Hap. 1-5) collected from the galls of K. intermedius

from the other Ko,

from this

host. However, when compared o Ko. dsritus collected from K. morrisi, this haplotype

differed by just 3.9% (Table 3.6)

3a.

3351 Koptothrips flavicornis

. Evolutionary divergence and nucleotide variation ()

diffe

1o be low (less than 1%) (Table 3.7)

3352, Koptothrips dyshritas

s of

K intermedius, K. nicolsoni and K. morrii was less than 19%. For collections from alls

ok 1%

Middicback

found o be high (6.7%), (Table 3.8).

3.4 Discussion

solitary Kladothrips species, was present in galls of social Kladothrips (K. intermedius

and K lar hich

social tin galls of K. nicol

Genetie



1% for K

5%, Taken together, th
host lineages as suggested by Crespi and Abbot (1999).
gene regi g
between th e focus of this
sty
Crespi and d ol
K
i specics. Th
pper The
I "
therefo
Inthe casc of aK Ko. s

K

itsnorma social host, K. water housei on Acacia papyrocarpa. Unfortunately, 1 did not
the

3
Ko.dyshritus from d




rugosus,

and Abbot, b

Therefore, itis

Kladotir

Koptothrips population. Tables 3.4a and 3 4b highlight geneti distances between various

Koptothrips populations, which maybe independently evolving as hostspecific invaders.

K. intermedius and K. nicolsoni were less than 1% (Table 3.5). The hosts, K. intermedius

K 340 Ko
New Souh

r 2001 for

I contrast, the ol hosts, K habrs,

(collcted from Acacia melveli - refer to Moris et al., 2001 and Morris tal 2002), K.




lite as 0.2%. While Crespi

nd Ke Fe pos

K nicolsoni,

study. In this study, Ko. flavicornis was.

K nicolsoni.

indicate that Ko. lavicornisis shifing host, presumably from a socil host (K.

K. nicolsoni),

intermedius, K. waterhousei)
are conspesifics that could be moving freely between hosts.

For Ko. dyskritus, populations collected from two hosts (K. rugosus and K.

1% different (Table:

3.5b). Ho i a

(found on Acacia papyrocarpa) were about 7.6% different (Table 3.4b). Koptothrips

by sy

5% (Table 3.5b). Differences between the hosts (K. intermedius, K.nicolsoni

and K. rugosus) ranged from about 14% 10 18% (Table 3.45). Crespi and Abbot (1999),

K K on




different Acacias ranging from 0.5%-6.9% (Crespi and Abbot, 1999). When Ko.

theips K. morrisi o Acacia calcicola) the differences ranged between 13% (0 about 16%,

12%-16%

the genetic isolation between the Ko.dyskritus populations.

1-5) among Ko.
K intermedius (Table 3.6). The level of divergence between this haplotype and the other

Ko

er dis 1964; Lewis, 1965

Mound, 1983; Lerws, 1991).Itis not unexpected to find a Ko. dysiritus haplotype that is

incirculating

streams 10 from Oodnadata to Middlcback.

e d Ko. s y 340,340,350

and 3.5, W,

aife 1% (Table

3.5), while in Ko. dysirirus,they were as high as 5.1% (Table 3.5b). Nuclcotide diversity

@



1%in Ko. %in Ko. dyshritus

(Tables 3.7 and 3.8). The high levels of nucleotide diversity (=) within the enire Ko.

(Table 3.8)is most likely to be i 5
haplotype (Hap. 1-5) that was found in the galls of K. intermedius from Middicback

(Table 3.6).

Tow (Tables 3.7 and 3.8). Variation i intra-species divergence for Ko. dyskritus

region meritfurthr investigaton.
Johnson and colleagues (2002) examined CO I sequences of populations

Phihiraptera), commonly known as dove lce. For both genera, they estimated

25.6%, while 9%-17.7%

A% for C 2%

Ko, %) or Ko.

15.8%) (refer o Tables 3.5a and 3.5b).If the Ko. flavicornis haplotype from K. habrus

from K

for Koptothrips populatons from Middieback is 5.1% (refer to Tabes 3.5 and 3.5b).



™
for

Kladotrips.
Middleback x

P mermedius
wl s
pucsie History (Crespietal. 0.

T i s of K

noteworthy. Perry and colleagues (2004) also colected Ko. dyskritus from galls of K-

prope

etal, 2003), i they fight the Koptothrips by




2003). The lower

tack i 001;

etal., 2003; Kranz 2005). Soldiers of K. morrisi have a higher fecundity compared to

other 001; Kranz, 2005),

fghting sbili i e for Ko, dyskitus o

invade galls of K. morrisi. Further work around Oodnadatta could be directed towards

At Middicback,

K i K

the same tree, Acacia papyrocarpa that plays host 0 K. nicolsoni and K. waterhousei.

3.5 Research highlights and suggestions for future rescarch

Results of Chapter 2 indicate thatin Middieback, Ko. dyshrius is present in

the galls o asocial host, K. intermedius. In the galls of K. intermediu, Ko.flavicornis

Ko,

Maltiple Ko flavicornis females cohabited a gall and produced offspring. In contrast,

juvenile. Additionally, both Ko. flavicornis and Ko. dyskritus were never found to

Host

specializaion smong Ko. flavicornis and Ko. dyskritus.In Middicback, both Koptorhrips

favicornis and K 4K




nicolsoni. Middlicback i

The low

Acacia papyrocarpa snd Acacia aswaldi

Shifing onto K_intermedius may force Ko. dyskritus and Ko.flaicornis 1o

l three hosts
‘While Crespi and

for Koptathrips

study indi

Given K.

intermedins®

Soldiers (Cresp et a., 2004; Chapman et a, 2008),the prospects of not encountering

Ko, K intermedius
I

intermedius at
other Acacia species that host Kladothips (McLeish et al, 2007b). Thercfore, K-

intermedius’ shift

Acacias (Crespi et

. 2004; MeLeish et al., 2007b). Acacia oswaldi has a wide geographic distribution

(Masln, 2001 I

Acacia host K While
of the i It

evolution),their u K Investigating




Kladohri

soitary Kladothrips,suffes from Ko. dyskritus invasions would be invaluable to our

understanding soc

evolution in this system.

y Koptorh form of bast
Kladothrips. Wit i ‘gallinducers, tis
possi radisted
i thir hosts. Noting the
ucer species.
he Theref
ematively
however, i Ko.

dyskrius or K. flavcornis could influence ther presence in the galls of their Kladothips.

hosts.




elsewhere. A wider geographical coverage provides a grater opportunity t0 gather data

Koptothrips

o1 iator to

Rubinoff, 2004; DeSalle etal, 2005; Will et al, 2005; Galti et al,, 2009). Although

1993
hondrial
popil
” 004 be o
and Ko would ycan
Bost Moving
Xo. a Hind various Acacias,

as suggested by Crespi and Abbot (1999), would provide us an insightino whether these

s different

enhance our knowledge on the natural history of these animals. Together,






Table 3.1 Nos.of Kladothrips and
oplothrps These taxa were
2001
Morrs et al, 2002 and MeLeish et a., 2006.
Taxon name. GenBark  Hostplant  Location and
Accession No. collction dato
Kadotps nicolsoni  AYEZTaTS Acacia
rpa February 2002
Oncotrps epperi  AFSBgSET  Acacis  Wnyala,SA
(renamed a2 Kisdothrs Apri 1989
ntormedius)
Oncothrpshabrus  AFISS6S2  Acaca  Midua, NSW,
(renamed as Kiadothrps ool June 1999
abrs)
Oncotivps morsi  AFIseess  Acaca  CoobrPedy
(renamed as Kiadotrips calccola SA, January
1659
(Coober Pedy i
atod near
odnadata)
Koplotrps fovicoms  AF448206  Acscia  Midura,NSW,
molol June 1999




different hosts Kl and A
GenBank.
Distinct_| Accession | invader | Source gal Wost plant
haplotype* | Nos.
Wap 11| HQ530525 | Ko dyskrtus | K intermedius | _Acocio oswaidi |
Wap 12 | HQ530530 | Ko dyskrtus | K intermedius | _ Acoco oswaldi |
Wap 13| HQS30531 | o dyskritus | K intermedius | Acacio oswoldi |
Wap 14 | HQ530532 | Ko dyskrtus | K intermedius | _Acodo oswaldi |
Wap 15| HQ530533 | Ko dyskritus | K intermedius | Acocio oswaldi |
Wap 21| HQs30535 | Ko dyskitus | K. nicosonl | _Acoca popyrocarpo.
Wap 22| HQ5305% | Ko dyskritus | K icolson
Hap 31 30 o dyskritus_| K rugosus | Acocio papyrocarpa
Wap 32| HQ530597 | Ko dyskritus | K rugosus | Acacio papyrocarpa
Wap 41 | HQSI0538 | o dyskritis | K morisi | Acocia colcola
Wap 42| HQSI0599 | o dyskites | K
Vap 51| WMBSGL87 | Ko flavicoris | K intermedius | Acacio oswoldi
Wap 52| M Tiovcornis | K.nicolsoni | Acoca popyrocarpo.
Wap 53 | GUITSZIT | Ko fiavicoris | K.intermedius | Acacio oswaldi
and and |
K nicolsoni_| Acocio popyrocarpe
. haplotypes found. d
N

public on GenBank's nucleotide database. Please sec Appendix for CO 1 sequences

obtined n this study.



Table 33.

.
.
-
carch results - Top 3 hits |
First Second ra |
e | o o
e e |
- (€O I gene region) | (CO | gene region) | (CO | gene region)
T -
e e | e [ s
e &
i
First Second | Third.
Organism Name Lo of Koptothrips xenus Attt 0
(gene region) L = (€O 1 gene region) l
(O I gene region) (CO 1 gene region)
| e




“Table 3.4a. G Ko.fl
Table 3.1 N
voon diforont Kadothrips axa.
K intormodus Knicosoni K habrus
K intormedius
K nicolsoni o1
K habrus 026" 0192
Note:
it 30d h
cback, South

and Mildura, New South Wales.



Table 3.4b. Geneti distances between Kladothrips species from which Ko. dyskritus

i

Table 3.1 on Nos.).

Gonetic distances betwesn iferent Kisdothrps taxa

K inermedus K nicolsoni K rugosus K. morrs

K intomedis
K nicasoni o
K rogosus oug oo
K morisi o™t om0t

in Middleback, South Australia

‘and Acacia papyrocarpa) in Middleback, South Australia

Oodnadatta) in South Australia



‘Table 3.5a. Genetic distances between Koptothrips flavicornis populations

Ko faveoms Ko favicaris

Ko.tavicomis
(from K. intermedus)

Ko foveomis
(trom K nicason)

Ko, favicomis
(from K habrus)®

Note:
* For collection detils o Ko.flavicornis from galls of K. habrus, please refe to Tuble
31

- from galls of Kladothrips txa

South Australa

+* Distances between Ko. flavicornis populaions colleced from galls of Kladothrips

different regions — Middleback, South Australia and Mildura, New South Wales.



Table 3.5b. Genetic distances between Koptothrips dyshritus populations

Ko dyskrtus Ko dysktus Ko, dysknus Ko, dyskrius
(from (from (rom
K inormedius) K nicoson) K rogosus) K moms)
Ko dyskrtus
(from
K itormedius)
Ko dyskrtus
(from 005
K nicisom)
Ko.dyskrtus
(o 005"
K rugosus)
Ko dyskrtus
(rom ose ors a7
K morms)
Note:
. s of Kladothrips taxa
b Austrl
K from galls of
South Australa

Acacia




Table 3.6.

(Hap.

collected from Kladorhrips morrisi

Exceptonal Ko dyskius hapltype
(Hap.15) (om K.intr g
T kosus  oow
(rom K intermedius) —
Ko ayskrtus
(trom K_mors) —

Note:

Exceptional Ko. dyskritus baplotype.(from K. intermedius)® - The Koptothrips dyskritus

plotype high

from galls of K. dius and

from galls of K. morrisi



Koptothrips flvicornis

Mean evolutonary

avergence wini
Cotecions ram K maredks gals 0001
Mean evolutonary dvergence wihn o
eolecions from K nicolson galls
Mean nucieotde dversty forentke
popuation” (1) oo
Note:
- The term ' 3

Jlavicornis used i this study.



Table 38 i ) within Koptorf

dyshrinus
— Koptothips dykriss
Mean evoutonaey dvergence winin oo
Coblectons rom K infemedus gals®
Mean evolutonary dvergence wihn oo
cotectionsfom K nolson gals
Mean evolutonary dvergence witin -
colectonsfom K ugosus gals
Mean evolutonary dvergence witin .
colectons from K o gals
Mean nucectdediversty or entrs
popuiaton™ (1) baaid

Note:

1) * The exceptional haplotype (Hap.1-5) (refer t0 Tabl 3.5) was ot included when

%

intermedius.

2 - The term 3 K

this sudy. The

(refr o Table 3.

nucleotide diversity for the entie Ko. dyskritus population
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