DR GIMME WALTER

Plant protection
Climate change is set to impact flora in myriad ways over the coming decades. Dr Gimme Walter discusses
his latest research into Australian cycad plants and how their pollinators might be affected by such changes

To begin, can you highlight the key aims
and objectives of the project?
We know that numerous species are under
direct threat from climate change. We
also know that, in one way or another,
most species rely on other species. Many
of these interactions are crucial to the
wellbeing of one or other partner. When
seasonal or diurnal synchrony is also
involved, we may be dealing with a finely
balanced reliance between species. This
leads to our primary question; will shifting
climatic variables disrupt such finelytuned interactions? We are investigating
this through our research on Macrozamia
cycads that rely entirely for pollination on
thrips in the genus Cycadothrips.
What are cycads and why are they of
particular interest?
Cycads stand out as a prominent feature
in some Australian landscapes. Some
species are numerous, at least locally,
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and dominate the forest understory.
On other continents cycads are mostly
rare or endangered, mainly from habitat
destruction and poaching, although many
species seem not to have been widely
distributed or abundant prior to recent
large scale anthropogenic influences. In
Australia we can conduct population level
research on the more numerous species.
Cycads tend to be locally distributed,
even patchy. Furthermore, their seeds
are not distributed far from the parent
plant, probably because the majority of
megafaunal seed dispersers went extinct
in the pleistocene. Since species are known
to shift their distribution in response to
climate change, this is the problem that
leads to the next focus of our research
– how will such plants respond to the
environmental change that comes from
shifts in climate?
Why is the relationship between
endangered cycads and insect pollinators
such an important area of study?
The plants we see today represent an
ancient lineage. The earliest cycad fossils are
about 300 million years old. The association
of insects with cycad pollination may well
be extremely ancient too – all cycad genera
are insect pollinated and this relationship is
one of the dozen or so examples of obligate
pollination mutualisms. The relationship in
these systems is so specific that the plants
rely upon insects for their reproduction
and the insects depend on the plants to
complete their life cycle as they are unable
to breed elsewhere. The other famous
obligate pollination mutualisms are figs and
fig wasps and yucca and yucca moths, both
quite unrelated to cycads. We study them
because we are looking deep into the origins
of insect-based pollination systems.
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Could you expand upon the role of
thermogenesis in these interactions, as well
as how it is affected by climate variability?
The environmental context provides cues for
thermogenesis in cycad cones and thus the
pollination-related behaviour of the thrips. The
responses of cycad cones must be coordinated
across the sexes and their responses must
be keyed into the behaviour of the thrips.
Related questions therefore include: how
sensitive is this coordination to differences in
ambient temperature? Does thermogenesis
ever break down in response to high ambient
temperatures? And does high temperature
disrupt the synchrony between male and
female cones or affect the time of day of the
thermogenic event?
What methods are you using to monitor
variations in climate and the impact of
environmental change on the interactions
between these species?
We monitor cone temperatures in the
field along with ambient temperatures at
sites at different altitudes in the southeast
Queensland distribution of Macrozamia
lucida. We simultaneously monitor thrips
behaviour and pollination success across the
sites, thus, much of the work is field-based.
Laboratory studies examine the thermogenic
responses of cones to different ambient
temperature regimes, volatile release and the
responses of thrips.
In what direction is this work now moving?
We are extending our research deeper into
the control of thermogenesis, to see how
temperature influences that process. We
are also investigating whether there are
common elements across populations
of Macrozamia lucida, which, despite
its restricted distribution in southeast
Queensland, grows in a diversity of situations
that are floristically quite different to one
another and are topographically diverse.
Our focus here is on pollination success in
different environments and the ecology of
seeds and seedlings, which seem to be the
most sensitive stages of the life cycle. We
seek to understand whether the different
populations have adapted locally and if
so, how. If not, how will changing climatic
variables affect these aspects of the plants’
ecology across its different habitats?

Cycads and the
threat of climate change
Australian cycad plants rely on insects known as thrips for pollination and
reproduction – processes which depend on environmental factors and in
particular, temperature. Research led by The University of Queensland is
exploring the potential impact of global warming on these endangered species
CYCADS ARE AMONG the oldest types of seed
plants, having existed for hundreds of millions of
years, yet they are only just beginning to reveal
the secrets of their reproduction. Armed with new
knowledge about the unique reproductive habits
of these ancient plants, scientists are starting to
explore the potential consequences of climate
change on these now endangered plants.
With their distinctive fronds and woody
trunks, cycads strongly resemble ferns and
palms but are only distantly related to them.
In comparison to other regions of the world,
where cycad habitats have been destroyed,
these plants have, until recently, thrived in
Australia. The variety of cycad types and their
relatively large populations has enabled many
interesting surveys to be carried out in the field
there. Only recently have scientists determined
that cycads rely on insects, most commonly
particular beetle species, to transfer pollen
from the male plants to fertilise the females.
Moreover, recent research has uncovered a
fascinating mechanism behind this process,
paving the way for new studies into how these
delicate natural balances might be affected by
climate change.
Conducted by Dr Gimme Walter of The
University of Queensland’s School of Biological
Sciences, the investigation promises to shed
light on the evolutionary secrets of the cycads.
The key to the study is gaining a deeper
understanding of the mutualistic relationship
between the plants and the insects that fertilise
them. Working with Professors Irene Terry
and Bob Roemer at the University of Utah,
Walter has already contributed a great deal to
knowledge of cycads, in particular endangered
species in the genus Macrozamia.

PUSH AND PULL
Macrozamia are endemic to Australia and
stand out from all other cycads because, rather
than rely on beetles for fertilisation, they have
developed a relationship with thrips. These
small, winged insects measure only one or two
millimetres in length and feed on the pollen
found in male Macrozamia cones. Both male and
female cycads have cones but the thrips feed
and reproduce only in the male cones where the
pollen is found. The problem is that in order to
pollinate the females, the thrips must somehow
be coaxed from the male to the female cones and
this is where a surprising natural reaction occurs.
In previous research, Walter and his colleagues
at the University of Utah uncovered the
remarkable details of the relationship
between Macrozamia and their resident
thrips. The male cones contain beta-myrcene,
a compound which, in small doses, attracts
thrips with its odour. However, when heated,
its odour is greatly strengthened and the
substance becomes repellent to the thrips.
Walter explains how the temperature rise
which takes place in the male cycad cones is
crucial to the plants’ reproduction: “Insects
that do not leave the inner cone may risk
death. As the cones cool, the thrips return, but
some are attracted to mature female cones,
which seem to mimic the males by warming
up and releasing volatile attractants. They
are thus pulled into the cones again and will
pollinate or accumulate more pollen”.
This extraordinary process always occurs at
around midday during the plants’ mature
period. Using their energy stores, the cycads
raise their temperatures by an impressive
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12 °C, but only on days when the ambient
temperature has reached at least around
17 °C. As temperature plays a fundamental
role in the cycads’ thermogenic process, this
raises important questions about how it will
be affected by global warming. It is unknown
whether the already endangered species will
be able to adapt, and if so in what ways. The
group is conducting fresh research in the hope
of finding some answers to these unknowns.

CONCERNS FOR THE FUTURE
Their work approaches the problem from three
main angles. Firstly, they are examining cycads
in varying locations and at different altitudes to
see how different environmental factors affect
the important relationship between the thrips
and the plants. Secondly, given that pollination
requires dry weather but the rest of the plants’
reproductive cycle – the seed and seedling
stages – need moisture, Walter and his team
are investigating how these contrasting needs
affect cycad reproduction across their various
locations. Finally, the scientists are focusing on
the enzymes involved in thermogenesis and the
mechanisms behind their activity in order to
assess the potential impact of climate change on
the behaviour of the pollinators.
The results have revealed that the future
difficulties facing cycads and their pollinators
in the future will depend on their location. The
scientists have found that seed germination and
seedling establishment is more successful in
areas with greater soil moisture, which suggests
that global warming may have a greater impact
on cycads found at higher altitudes and on high
ridges than those in the lowlands. This is because
these sites rely on mist and cloud to provide
them with moisture and rising temperatures
could force the base of the orographic cloud
layer to higher altitudes, therefore restricting the
cycads’ ability to propagate.

MAINTAINING A
RECIPROCAL RELATIONSHIP
The studies so far indicate that environmental
changes are more likely to alter the synchrony

The studies so far indicate
that environmental changes
are more likely to alter the
synchrony between the thrips
and the plants than between
the male and female plants

between the thrips and cycads than between
the male and female plants. Rainfall is
known to disrupt pollination and Walter’s
work has added another factor to the mix; if
the average ambient temperature increases
due to climate change, then the plants could
undergo thermogenesis at the wrong time of
day for the thrips. Studies conducted in the
field demonstrated that temperature was the
variable most closely related to the success
rate of reproduction.
As thermogenesis – the key to forcing the thrips
to carry pollen from the male to the female
cycad cones – is intimately linked to the ambient
temperature, the findings predict an uncertain
future for the relationship between the insects and
their cone homes. If global warming causes the
minimum ambient temperature to rise beyond
17 °C, this could lead to major disruption of the
reciprocal relationship between cycads and thrips.
Although his research is focused on a very
particular species of plant and a still more
specific aspect of the relationship between
one type of cycad and its pollinator, Walter is
confident that it is vital to understand even
the smallest parts of the puzzle: “In ecology,
we tend to seek the so-called bigger picture
correlations and develop large-scale, but
relatively simple, models. They may be useful
and may provide insight, but we should not
forget that to manipulate or repair anything,
even an ecological system, we must understand
how exactly its components work”.
With this in mind, further studies are underway
to investigate the precise mechanisms of the
enzymes involved in thermogenesis. The goal is
to discover whether these increase during the
process as this knowledge would enable a far
more precise understanding of how and why
cycads and thrips will be affected by climate
change. Similarly, the team is also examining the
adaptability of the insects across different types
of cycad. Gradually the pieces of the puzzle are
coming together and thus conservationists are
becoming better equipped to respond to the
impacts of a changing climate on this ancient and
still intriguing plant.

