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ABSTRACT

The flower morphology and reward availability of animal pollinated plants
are intrinsically related to the foraging behaviour and preferences of their
pollinators. However, it is often difficult to test how pollinator preferences may
have helped to shape floral morphology because the morphology of many animal
pollinated flowers is an adaptive compromise to optimise both male and female
function. This may be overcome by studying the foraging decisions of pollinators
in relation to flower morphology of species with unisexual flowers. The inherent
difficulty of studying diclinous species is that in nearly all of these species the
flowers of different sexes do not only differ in morphology, but also in reward
type: male flowers offer pollen and possibly nectar, while female flowers offer

nectar only.

Solanum is an ideal genus to investigate evolutionary links between
pollinators and flower morphology for two reasons. First, it demonstrates a large
variation in sex system with hermaphrodite, andromonoecious and dioecious
species. The diclinous species of Solanum have evolved sexual dimorphisms
involving floral size and the number of flowers per inflorescence. This variation
allows the evaluation of floral morphology in a phylogenetically informed way.
Second, pollen is the only reward, and is present in apparently equal amounts in
both male and hermaphrodite/female flowers. This allows the investigation of
sexual floral morphology in the absence of differences in reward type and amount.
The genus Solanum is further suitable for such investigations because it relies for

pollination on a relatively small number of buzz-pollinating bee species.
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The main objective of this study was to examine how sexual dimorphisms
in floral display and reward availability influence bee foraging behaviour, as this
could lead to an understanding of the evolution of floral traits in association with
changes in sex systems in the Australian members of Solanum subgenus
Leptostemonum. To investigate this, buzz pollinating bees were tested for their
responses to dimorphisms in three floral traits: corolla size, flower number and
style length. Although Amegilla murrayensis had an initial preference for larger
flower size, this preference quickly disappeared in the absence of differences in
rewards among flowers. Clusters of flowers were more attractive than solitary
flowers, even when the clustered flowers were smaller in size. In another
experiment, Amegilla chlorocyanea showed no differences in the number of
buzzes and time spent on each buzz between two floral morphs of
andromonoecious Solanum elaeagnifolium that differed in their style length.
Furthermore, foraging decisions by individual bees were analysed in relation to
variation in pollen availability. Amegilla chlorocyanea showed no difference in
the total number of times they buzzed pollen-full and pollen-empty flowers before
they left the patch. However significant differences observed between first and
second visits to flowers indicated that bees could perceive recent visitation by a

bee and adjust their visitation behaviour.

Since an overall lack of support was found for the evolution of floral
sexual dimorphism as a direct response to bee foraging preferences, a
phylogenetic analysis was performed to investigate other possible explanatory
models for the evolution of floral dimorphism in the diclinous species of Solanum.

First, molecular phylogeny was inferred based on three gene region sequences of
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71 Australian members of Solanum subgenus Leptostemonum. The analysis
showed that the evolution of andromonoecy from hermaphroditism is most likely
preceded by the evolution of large fruit, and thus the selection for large fruit size
is the main driving force for the evolution and maintenance of andromonoecy in

this group.

13



DECLARATION

I, Arthur Selwyn Mark, certify that this work contains no material which has been
accepted for the award of any other degree or diploma in any university or other
tertiary institution and, to the best of my knowledge and belief, contains no
material previously published or written by another person, except where due
reference has been made in the text. In addition, | certify that no part of this work
will, in the future, be used in a submission for any other degree or diploma in any
university or other tertiary institution without the prior approval of the University
of Adelaide and where applicable, any partner institution responsible for the joint-

award of this degree.

| give consent to this copy of my thesis, when deposited in the University Library,
being made available for loan and photocopying, subject to the provisions of the

Copyright Act 1968.

| also give permission for the digital version of my thesis to be made available on
the web, via the University’s digital research repository, the Library catalogue and
also through web search engines, unless permission has been granted by the

University to restrict access for a period of time.

ARTHUR SELWYN MARK Date .03.2014

14



ACKNOWLEDGEMENTS

I sincerely thank my supervisors Mike Keller and Katja Hogendoorn for their
mentorship, supervision and guidance throughout my PhD. They laid the
foundations of my project and | just built on that. They always had time for me.
They kept me thinking and working.

| acknowledge the financial support provided by the Adelaide Scholarship
International (ASI). The scholarship extension has been really helpful.

| express my gratitude to (Late) David Symon for being an inspiration to take up
Solanum group for my studies.

I am grateful to Remko Leijs for his help in my phylogenetic analysis. He helped
me to learn a lot about phylogeny. He has been great support to me. | thank
Jennifer Gardner, Curator of Waite Arboretum for allowing me to use Sensory
Garden for my outdoor experiments. She was quite interested in my native bee
work. | appreciate Andrew Walters for friendly conversations in the sensory
garden and arboretum. | appreciate Paul Ingram, Craig and Andreas of Plant
Research Centre, SARDI for helping me growing my plants in the greenhouse.
They have been a great help.

I acknowledge the help I received from seed collectors in Broome & Kimberley. |
should mention Phil Docherty for sending me the seeds of dioecious Solanum
from Broome. | also thank members of Seed group in the State Herbarium, SA for
their suggestions on seed germination. It was unfortunate that I couldn’t germinate
them in the greenhouse.

I remember Molly Whalen, John Randles, Eileen Scot, Kerrie Davies, Peter Crisp

and Richard Glitz for their friendly conversations | had with them. They have

15



provided me lots of inputs at various stages of my PhD project. | appreciate their
support. | really enjoyed all the seminars from the plant protection group and
journal discussion meetings. Being new to this field, these seminars enriched me
with sound knowledge about the integrated plant protection management.

I have really enjoyed being a PhD student in the Mike’s lab. This is mainly due to
wonderful people with whom 1| shared my office space. Starting from Chris
Mclntyre, Peng Wang, Khalid, Yi Feng, Ahmad Chatha, Maryam Yazdani, Wang
Tao, Kay Anantanawat, Mary Retallack, Kala Bhandari, Beth Fung, Yong Yu Xu.
One thing we are proud about as a lab is multi nationality. They kept me going.
We all had a special bondage among us, probably because of Asian origin. | will
miss them all. | had very good time with every one of them.

I acknowledge the friendly support received from my friends from other labs
including Amanda Benger, Steven Coventry, Mohsen Khani, Arthur Kieran,
Ismail Ahmed, Duc Thong Le, Wan, Bandara Shymanthara, Mahbub Rahman.
They have been part of my life in the Waite campus.

| appreciate Lisa Strawbridge of Whitehouse Lodge for giving me a great
accommodation very near to Waite campus without changing the rent throughout
my stay (3.5yrs). It was such a big thing to live in the White house, Adelaide.

I must acknowledge my brothers and sisters | gained through Unley Christian
Chapel. They held me before God in their prayers throughout. I will miss them all.
I give thanks to my family back in India. Though none of them know what | am
doing here in Adelaide, they have been great moral support to me. Cheap mobile

services helped me contacting them almost every day.

16



	TITLE: BUZZING BEES AND THE EVOLUTION OF SEXUAL FLORAL DIMORPHISM IN AUSTRALIAN SPINY SOLANUM
	Table of Contents
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF BOXES
	ABSTRACT
	DECLARATION
	ACKNOWLEDGEMENTS




