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“To describe different groups of plant, Linnaeus had used extrnordinary terms
Like “bridal chanber and ‘nuptials’. For prudish Britons, this sexualized
version of nature verged on the pornographic, and battles over botanical
textbooks resembled curvent debates about allowing chiloren to watch violent
videos. Self-appointed moral guardians of soclety declaved that they wanted
to protect Young wonmen from the corrupting tnfluences of botanical
education” (Fara, 2003)....

Fortunately they failed!
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Abstract

Theory predicts that plants that are more attractive to pollinators (via greater floral
rewards) should have greater reproductive success, produce higher quality seed, and
hence have greater fitness. Within a species, we assume that competition for effective
pollinators is more intense because plants look the same, and thus, attracting pollinators
may be more difficult. Moreover, plant-pollinator systems are highly variable and, in
Australia, they have been subject to disruption by habitat fragmentation and the
introduction of the European Honeybee. Ultimately, some individuals within a
population will be more fit than others, however, there is little empirical evidence on the
relationships between floral traits and plant fitness. This study examines the links
between floral rewards, pollinator foraging behaviour, reproductive success, plant
mating system parameters, and some non-reproductive plant traits and environmental

variables, in an Australian woody shrub.

Variation may be evident in five primary components of plant-pollinator systems: (1)
floral traits (e.g. flower, nectar, and pollen production); (2) pollinator foraging
behaviour (e.g. insects, honeyeaters, and mammals); (3) reproductive success (e.g.
pollen transfer, seed production and viability); (4) plant mating system and genetics
(e.g. self-compatible species with low outcrossing rates) and (5) non-reproductive plant
traits and environmental variables (e.g. plant size and density, climatic conditions). Our
current understanding of the extent of intraspecific variation within these variables and
how these variables interact within pollination systems is poor. This study quantifies
intraspecific variation among Grevillea macleayana plants in each of these five
components of the plant-pollination system, using three sites studied over three years.
The broad aims are to: (1) quantify variation among plants in characteristics conferring
attractiveness to pollinators (floral traits), pollinator foraging behaviour, reproductive
success, and mating system variables and (2) determine how these components are
related, and identify the interactions most important in explaining variation among

plants.

Grevillea macleayana is a rare, hermaphroditic, bird-pollinated, medium to large shrub,
with a large floral display. It has a fragmented distribution on the south-east coast of
NSW, Australia. Grevillea macleayana is self-compatible and has low genetic

diversity. It is visited by a suite of potential pollinators including honeybees,
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honeyeaters, and the Eastern Pygmy Possum. However, evidence suggests that

honeybees do not facilitate pollen transfer.

I quantified variation among G. macleayana plants in three floral traits: monthly
inflorescence number; nectar production (i.e. volume per inflorescence and sugar
concentration); and pollen production. I found substantial variation among plants in
inflorescence production at every site. At each site, a small number of plants (three to
five) produced over half the inflorescences for the study plants (19 in total), over the
survey period. I also found significant variation among plants in nectar volume, but less
variation in nectar sugar concentration. I did not detect significant variation among
plants in pollen production. These results were consistent with previous studies on
other Proteaceae species and provide evidence that floral display and nectar production

are the most important floral rewards.

I quantified variation among plants in four aspects of honeybee and honeyeater foraging
behaviour: the number of honeybees and honeyeaters; the number of inflorescences
visited per plant; the foraging time per inflorescence; and the foraging time per plant. I
found significant variation among plants in at least one feature of honeybee and
honeyeater foraging behaviour, for one or two survey seasons per site. Contrary to the
expectation that all pollinators will respond positively to similar floral traits, there were
very few similarities between honeybees and honeyeaters in how they responded to
variation in floral characteristics. These results provide some evidence that honeybees

and honeyeaters may be responding differently to variation in floral cues and rewards.

I quantified variation among plants in two aspects of female reproductive success:
monthly seed number, and nocturnal and diurnal pollen deposition. Plants varied
substantially in seed numbers over the study period. Moreover, at each site, a small
number of plants contributed to more than half the seed production of the survey
population. I detected very low seed-to-inflorescence ratios, and these varied
substantially among plants. However, plants with greater inflorescence numbers also
had greater reproductive success (maternal seed numbers). Interestingly, there were no
significant differences in pollen deposition between diurnal and nocturnal surveys, at
two of the three sites. This result indicates that nocturnal pollinators may have an

important role in pollinating G. macleayana plants.
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I quantified variation among plants in two aspects of the G. macleayana plant mating
system, using six microsatellite loci: family outcrossing rates (i.e. calculated for
individual adults and their seed); and levels of biparental inbreeding for outcrossed
seed. I found very low outcrossing rates across all families, and some plants were
significantly different from zero and from each other. I also found very low biparental
inbreeding rates across all families. The very low family outcrossing rates detected in
this study indicates that whilst this is a mixed mating system, individuals are

predominantly selfed.

I quantified variation among G. macleayana plants in six other non-reproductive plant
traits and environmental variables that are likely to be related to plant vigour and hence,
reproductive success: plant height, plant area, distance to nearest conspecific, canopy
cover, leaf moisture content, and leaf photosynthetic yield. I found substantial variation
among plants in height, area, and distance to nearest conspecific. I also found
significant variation among plants in mean canopy cover, and slight, but significant

variation among plants in leaf photosynthetic yield and leaf moisture.

Having detected significant variation among plants (in three populations) in the
previously described five key components of pollination ecology, I then explored the
strongest relationships among these variables. I used correlation and regression
analyses to test for significant or consistent trends between dependent and independent
variables. The most important trends in this system were:

e Significant positive regressions between inflorescence production (size) and nectar
production (volume) and (non-significant) positive trends between inflorescence
production and nectar production, suggesting no immediate trade-offs between
resource allocation for inflorescence and nectar production.

e Numerous significant regressions between floral rewards (inflorescence and/or
nectar production) and both honeybee and honeyeater foraging behaviour. These
results support previous studies that have found greater numbers of pollinators or
greater foraging activity associated with greater floral rewards.

o Significant positive correlations between seed production and both inflorescence
and nectar production, suggesting: (1) no immediate trade-offs between resource
allocation for floral traits and seed production, and (2) plants with greater floral

rewards have greater reproductive success.
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e Significant negative relationship between outcrossing rates and inflorescence
numbers per plant. Plants with more inflorescences may be receiving more
honeyeater visits (and within-plant activity), resulting in increased geitonogamous

pollen movement and decreased outcrossing rates.

e Significant positive relationships between plant size (area or height) and both
inflorescence and seed number, suggesting that larger plants may have greater

carbon stores and resource availability.

e Significant negative regressions and (non-significant) negative trends between both
inflorescence and seed number and canopy cover, suggesting that increased shade
may reduce photosynthetic yield and resource availability for inflorescence and

seed production.

The holistic approach used in this study has contributed to our understanding of
intraspecific variation in plant-pollination systems and how this variation is related to
plant reproductive success. Furthermore, my study has challenged some of the widely
held beliefs about plant attraction to pollinators and added to our limited knowledge of
some important plant processes (e.g. outcrossing rates) and their role in this pollination
system. In trying to determine the most important relationships among the numerous
components of the G. macleayana system, I have revealed a very complex plant-
pollinator system. Whilst some of the relationships I found were as predicted, trends
were not always consistent and it is clear that patterns of floral attraction, pollinator

behaviour and reproductive success are not always intuitive.

XiX



Acknowledgements

This research was conducted whilst I was in receipt of an Australian Postgraduate
Award. Financial support was also provided by an Australian Research Council
Discovery Grant to David J. Ayre and Robert J. Whelan, the University of
Wollongong’s Institute for Conservation Biology (Student Travel Grant), the Linnean
Society of NSW (Joyce Vickery Fund) and the Ecological Society of Australia (Student

Research Award). I thank these organisations for their generous financial support.

I would like to extend an enormous thanks to my amazing supervisors Professor David
Ayre and Professor Rob Whelan for their continual support, guidance and
encouragement throughout my PhD. I have learnt a great deal from them and am
extremely grateful for their valuable advice and expertise, ongoing belief in my own
ability and understanding (they have seen more than their fair share of tears)! It has

been an incredible learning experience and great pleasure to work with them.

I have several people to thank with respect to field work: Lawrence Clarke for assisting
me with field work and spotlighting the first Eastern Pygmy Possum; James Young and
Tanya Strevens for assistance with the pollen deposition study and Stuart Mutzig for his
work at Hyams Beach. Enormous thanks go to Dave Roberts who taught me all the
genetic skills I needed to conduct the microsatellite studies. His invaluable advice and
expertise ensured the success of those studies. I would also like to thank Kym Ottewell,
Annette Usher, Craig Sherman and Paul Rymer for their assistance and advice in the lab

and great company during those long lab days.

To my favourite proof-readers, Stuart Mutzig, Tanya Strevens, Tom Celebrezze, Jane
Wasley, Dave Roberts, Kym Ottewell and Kirsten Benkendorff, thank-you so much for
taking the time to proof-read parts of my thesis and provide valuable advice and
suggestions. [ thank Sharon Robinson for assistance and advice with the photosynthesis
and leaf moisture studies, and support as our post-graduate advisor. I also thank Robert
Cruden and Dave Lyon for advice on techniques for the pollen production studies. I
thank Associate Professor Ken Russell for his valuable statistical advice and expertise.

I also thank Simon Warner, Noel Ainsworth, and SEQ Catchments, for allowing me

flexible working arrangements and supporting my studies.

XX



I would like to thank several university friends for advice, support and friendship during
my PhD: Tanya S., Tanya L., Gary L., Kym O., Annette U., Craig S., Paul R., Dave
McK., Dave R., Karen F., Kirsten B., Tom C. and Jane W. I would also like to thank
the ‘dancing girls’ (Maria, Casey, Michelle, Alison, Karen and Jo) for their encouraging
words, friendship and fun times. I would never have made it through the last few years
without the ‘school girls’ (Liz, Ngaire, Rachel, Sharone, Sharyn, Belinda, Alison,
Nichole, Emma and Rebecca) and their eternal support (the most important of this being
the “girls night’), entertaining gossip and amazing friendship. I also thank my favourite
Melbourne friends, Sarah and Fiona, for their hospitality during fabulous visits and
amazing friendship. I thank Wayne for his amazing support, inspiration, and love
during my PhD. There is no way I could have achieved what I did (not just with my
PhD) or improved my health if it weren’t for his strength and friendship. Lastly, I thank
my favourite ex-flatmates Krittie Fletcher and Tanya Strevens for their continual belief
in my ability and wonderful friendship throughout my PhD, and a special thanks to

Tanya for making sure I actually slept and ate dinner during our time in Corrimal!

Enormous thanks to my family: mum, dad, Peter, Adelaide, Gareth, Anna, Michelle,
and Daniel for continual encouragement, support and love. I especially thank my
wonderful parents, mum for letting me move home for a few months before I moved to
Brisbane and for her continual love and friendship; and dad for his support during my
sick leave and continual love. I thank Peter and Gareth for ongoing support and love,
with special thanks to Peter for fixing my car (lots). I also thank Adelaide and Anna for
their love and continual encouragement, with special thanks to Anna for generously

sharing her wardrobe with me and her ongoing friendship.

Lastly, I would never have made it to this point (well not with my sanity intact) without
the eternal love, support, and friendship of my amazing partner Stuart Mutzig. His
unconditional love (well nearly, he does have a limit with my love of shoes and doilies)
and never-ending belief in my ability, provided me with inspiration and strength. He
provided me with invaluable advice (even when I didn’t want to hear it), calming
support when I wasn’t coping (which increased exponentially towards the end), ongoing

encouragement, chocolate and a wonderful new life in Brisbane.

xXxi



	University of Wollongong - Research Online
	The pollination ecology and reproductive success of the Australian shrub Grevillea macleayana
	Recommended Citation

	Copyright warning
	Title page
	Table of Contents
	List of Tables
	List of Figures
	Abstract
	Acknowledgements

