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Abstract

Sociality is a trade-off betw¢  personal reproduction and investment in helping
others to survive and reproduce. Sev  species of Australian gall-inducing thrips have a
helping caste (soldiers). Ak topai ite in the genus Koptothrips that invades and
destroys thrips colonies is h: othesized to have evolutionarily shaped this caste. The two
investigations presented here both ¢ ter on one potential evolutionary reaction to the
threat of invasion; the production | alarm pheromone. In the first study,
reproductives and soldiers v :ass:  :d in the presence or absence of a putative alarm
pheromone. Reproductives moved more directly and quickly than soldi  in the trials,
but no impact of the pheromc : was detected. In the second study, soldier willingness to
fight was assessed in relation to this chemical (or blend). Again, no change in behaviour
was detected in the trials. T: together, these two investigations suggest that chemical

communicatic. may not have  ien within the 1l inducing thrips.
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Figure 2.1.

Figure 2.2.

Figure 2.3.

Figure 2.4.
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The reproductive (left) and helper (right) caste of a eusocial
species of Australian gall-inducing thrips, Kladothrips

intermedius. 23

~¥0 5.5cmd eter circles of filter paper showing examples
of pencil tracii _ oft ps movements. . ae typical direct

iovement of an aldult disperser, moving from the center of
the filter paper to the ge, is shown in (A) and the largely
stationary bel ior of soldier (soldiers were observed to

rotate and sh »s on slightly) is illustrated in panel (B). 24

The curvilinn  vel ity (VCL; body length/sec, with standard
error) ison ' y-axis, with thrips of different life st s/

istes on the x-axis. VCL was calculated by dividing the total
curvilinear distance t ‘eled by the thrips by the total time

taken to travel that nce. 25

The curvilinear velocity (VCL; body length/sec, with
standard error) isont y-axis, with thrips of different life

stages/ castes on the x-axis. VCL was calculated by divic 1g
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Figure 3.4.

Figure 3.5.

placed into a PCR tube with a K. intermedius soldier and a

Koptothrips dyskritus .

The proportion of deaths is on the y-axis and sex is on the
x-axis. Trials were conducted where no additional abdominal
tube droplets were ac  d (Control, darkly filled bars), or
droplets were  l¢ to the trial (Droplet, unfilled bars). After
the trials were complete, sex was determined by clearing the
cuticle using the prot. >l described by Watson and Chandler

(1999) and ic  ify 1 the phylloblast in males.

Aver e wing length (mm) of soldiers is on the y-axis and

1e outcome of the tr  on the x-axis. An outcome was coded
as a ‘death’ il hertl K. intermedius soldier or the
Koptothrips dy. -itus as dead at the end of the trial and an
outcome was coded as ‘no death’ it both specimens were
alive at the end of the 1ial. Trials were conducted where no
additional abdominal tube droplets were added (Control,
darkly filled 1 s), or droplets were added to the trial (Droplet,
unfilled bars). Dig; nages of the wings were taken and Image

J software was used to obtain wing measurements (mm).
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physogastry. In addit n to this, there was a reduction in gall volume
and, result,asmal brood size, and longer gall duration. At
point ‘C’ the is a loss of' male founders. At oint ‘D’ there is a
decr e in soldier reproductive output, which is associated with an

increase in soldier efficiency.
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environmental trait that cou function as a selective agent is an ecological constraint on

individual reproduction (Emlen, 197", such as a lack of space within a nest site.

Although a large pr ion of the research investigating the evolution and
maintenance « eusociality has used insects from the orders Hymenoptera and Isoptera,
the use of Australian gall-inducingt ps has provided important insights into the
evolution of eusociality that .y otherwise have not been observed. The utility of this
group is that t s is a recently evolved eusocial lineage (approximately 6 million years
from the present; McLeish and Chapman 2007), relative to sociality in the ants (more
than 80 millic years ago; Holldobler and Wilson, 1990; Bourke and Franks, 1995) and
the termites (approximately 100 n lion years ago; Andersson, 1984). An additional
advantage of studying thrips eusocia vy is that there are closely related solitary species,
which have not evolved a helper « and can, therefore, be used in comparative studies
to better understand the evo” ion of social behaviour. In contrast, the termites and ants
have no extant taxa that are entirely  king castes. All ant species without castes have
secondarily lost normal colony fc  ation and instead have become obligate social

parasites (Bourke and Franks, 1995).

The thysanopterans c 1prise 4500 described species (Mound and Walker, 1982),
and have a worldwide distribution. In general, thrips are minute (less than 2 mm in
length), darkly coloured, and possess two sets of fringed wings. However, the main
morphol¢ ‘cal aracteristics " atdi  iguish thrips from other insect orders are unique

piercing and sucking mouthparts and the bladder-like terminal pads (arolium) on their


















to defend then those soldiers with wing and forelimb morphology closer to that of a
disperser. In ¢ lition to this, males . :less related to individuals within their natal gall
then females, due to the natu  >f haj >diploidy, and thus should be less willing to defend

then females (Chapman, 2003).





















Path length was measured using Im: :-J software (see below for process) and, with time
data, two parameters (VCL and LIN, described below) were calculated. In the
experimental condition, there was a teardrop-shaped piece of filter paper covered in
abdominal tube droplets (see below for process), placed at the centre of the round piece
of filter :r. In the control condition, there was nothing in the centre. There were a total
of 131 trials, 56 in the control and 75 in the droplet condition, and a new thrips was used

for each trial.
2.24 Induc nof abdominal tul droplets

A 0.74 cm in length teardrop 1aped piece of filter paper was cut using a round
base point punch and used in the col tion of the anal droplet for the assays. Galls were
bisected at the ostiole, pried open, and observed under a dissecting microscope. The tip of
the filter paper was used to touch the irips on the pronotum causing the thrips to curl
(raising 1e abdomen overt/ head; scorpion-like curl) an produce a large clear
droplet, approximately 0.15 d : , at the end of the abdominal tube. Thrips
frequently touched the droplet to the filter paper, and if not, the filter paper was pressed
against the end of the abdominal tube to collect the droplet. Approximately 5 droplets
were collected on the same piece of filter paper within 60 seconds. Droplets were
collected from thrips at diffe  t1 ages and castes (dispersers, soldiers, and second-
instar larvae) in order to replicate a: ural invasion. Upon the bisection of a gall, all

individuals have been obsen  to roduce a droplet and, when stimulated with a
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presence of dangerous stimuli, ture research should determine the effect of this droplet

on fighti  behaviour of sold
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Reaction (PCR) tubes until needed. Soldiers from the same gall were placed in the same
tube since gall mates reside naturally within a gall apparently without conflict (Crespi,

1992a; Bejah, 1997).

For ea trial, a piece of filter paper with K. intermedius droplets (see next
section) or a piece of filter paper with nothing on it (control) was placed into a marked
PCR tube. A K. intermedius soldier  lowed by a Koptothrips dyskritus was then placed
into the tube and the trial bey 1. As /s were set up over a two-day period for a total of
140 trials, each containing a s« lier d an invader. Trials were conducted over a period
of 3-4 days, until most individuals of both species of thrips were dead, and were stored at
room temperature in a dark drawer. ___e assays were checked every 4-13 hours and the
outcome « a trial was recorded as ¢ h or no death. Deaths were used as an indicator of
an interaction between a Koptothrips dyskritus and a soldier since a soldier in the
presence of a droplet should seek out and attack an invader, but do not always emerge
victorious. An outcome was coded as a ‘death’ if either the K. intermedius soldier or the
Koptothrips dyskritus was ( attl  end of the trial and an ¢ come was coded as ‘no

death’ if both jecimens w :alive theendofthe 1l
3.2.4 Induction of abdominal tube droplets
Refer to section 2.2.4

3.2.5 Measurement of wii  and forelimbs
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has a strong female bias for soldiers 1d dispersers, not observed in other species (Crespi
et al., 2004). Soldiers of Kladothrips intermedius have variation in wing length, while
other eusocial species have1  absent wings. These characteristics of Kladothrips
intermedius i history likely: 1 behavic al difference in soldiers compared to other
eusocial : :cies. For this re:  n, it would be better to use a eusocial species that s

fewer confounding variables within the life history that have to be considered.






























A fourth explanation fi the observed results is that chemical communication
does occur within this species but the droplet it is not where it is found or dissipated. This
droplet has been shown to function: an alarm pheromone in flower thrips, Frankliniella
occidentalis, \ . cerling et al., 1993), but this droplet has been shown to function as a
predator repellent (Howard et al., 1983, 1987; Blum, 1991, 1992) and a trail pheromone

(Kiester and Strates, 1984) in other _ cies of thrips. However, the function of the droplet

1

in the social thrips remains an  igma and future studies should remain open to

alternative ex] nations for this b our including non-adaptive explanations.
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duration. At point ‘C’ there is a loss of male founders. At point ‘D’ there is a decrease in

soldier reproductive output, which is associated with an increase in soldier efficiency.
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