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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.
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