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Abstract

Rarity in New Zealand Myosotis was explored at several different levels for this thesis.
Within the genus, there are many rare species, encompassing several different types of
rarity, and many of these are considered threatened in some way. In addition, the genus
contains species that exhibit a wide array of floral forms, each of which can be associated

with a distinct form of rarity.

The reproductive biology of selected Nelson taxa was investigated in several species
covering a range of floral morphologies, including the previously unstudied brush
blossom floral syndrome. Species were found to fall into one of two mating types based
on the degree of herkogamy' exhibited by the flowers. Species with flowers that are
herkogamous throughout their life, require pollinators to set seed while those that are not
herkogamous at some stage during anther dehiscence, are self-fertile and able to self-
pollinate autonomously.  All species studied were self-compatible. Considerable
variation in seed production was observed under natural conditions for those species that
required pollinators to set seed. For these pollinator-requiring species, local population
density had strong effects on seed set, while population size had no effect. These plants
were always pollen limited in low-density patches. For a self-fertile species, seed set was
always high and unaffected by either local density or population size and pollen was
never limiting. These results indicate reproductive success in pollinator-requiring species
of Myosotis is subject to Allee effects and these effects occur at a very local scale. These
results have implications for the assessment and management of threatened Myosofis
species in particular and rare plants generally. It is essential to know the pollination
requirements and levels of density dependence for reproduction both for the assessment

of threat and for determining management strategies for threatened plants.

Self-compatible, but pollinator-requiring species are prone to autogamy and geitonogamy
and therefore inbreeding depression. One strategy to avoid this is to increase dichogamy
and synchronise inflorescence development. Pollination was studied in the
geographically restricted, ultramafic endemic Myosotis monroi, a species that has a

relatively large floral display and whose flowers often bear precocious styles prior to

bA glossary of technical terms follows the appendices

1



buds opening. In general, precocious styles are assumed to be receptive and indicate
protogyny. Stigmas were receptive at this stage and some pollination occurs during this
precocious phase. Stylar precocity effectively lengthens the female-only phase in this
species. This is the first time that precocious styles have been proved to be receptive at
this stage. M. monroi also shows far greater phenological synchrony of within plant
tlowering than five other species of New Zealand Myosotis. 1t is thought that the impact
of a large floral display on levels of geitonogamy in M. monroi is alleviated to some
degree by the relatively long, initial female-only phase and phenological synchrony of

flowering stages.

Rarity is generally considered "the precursor to extinction" (Darwin, 1872). However,
there are several different forms of rarity and not all rare species are threatened. I
examined the different rarity patterns observed within New Zealand Myosotis. New
Zealand Myosotis species are never common, all are rare in different ways and some
species are threatened. Some species are known to occur at one locality where they may
be locally common, others may occur in two or more widely disjunct geographic areas,
while others may be widespread but never common where they occur. A comparative
analysis was carried out to determine whether there are morphological correlates of the
rarity patterns seen within the genus. Local abundance, population disjunctions and
distribution patterns of 33 Myosoris taxa were compared to aspects of their
morphologies, including traits related to mating systems, dispersal ability and life-
histories. Taxa requiring pollinators to set seed had smaller range sizes and higher local
population densities than those that were able to self-pollinate. Apparent adaptations for
dispersal and life-history traits were not correlated with range size. The disjunct
distributions exhibited by some taxa within the genus were not associated with any of the
morphological traits. My results can assist threat assessment and conservation
management for New Zealand Myosotis. Locally dense, geographically restricted taxa
are pollinator requiring while sparse, widespread taxa are selfing. Cases that break this

general rule may be used to identify taxa at risk.

In the most recent taxonomic treatment, New Zealand Myosotis is initially split into two
major clades depending the degree of anther exertion exhibited by the flowers. This has
led to the recognition of species that cannot be distinguished in any other way. Species
limits were examined in one such species complex; the vegetatively indistinguishable M.
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forsteri and M. venosa. Several floral and vegetative characters were measured and
compared. Filament length was the only significant character that could be used to
distinguish the species, and even this was not 100% reliable. Filament length determines
the degree of self-pollination that can occur and whether or not reproduction is assured.
The continuous variation observed in filament, style and anther lengths and corolla sizes
shows that there 1s a lot of phenotypic variation within each taxon. Geographic clines
are observed in vegetative traits that are independent of mating system. This, in addition
to the continuous variation observed in floral characters, lends some strength to the

proposition that this species pair may be switching between the two breeding systems.

The increased knowledge provided by the studies contained in this thesis on New
Zealand Myosotis has provided a much-needed boost to our understanding of the
population dynamics of these rare species, which ultimately can be used to guide
conservation management for those taxa considered at risk of extinction. It can assist in
identifying those populations that are not threatened and it can direct efforts towards the
more pressing problem situations. It has also highlighted the necessity for a taxonomic

revision for the southern hemisphere section of the genus.



Acknowledgements

Thanks very much to my chief supervisor, Alastair Robertson, for providing the
direction, guidance and support required that enabled me to complete this piece of
research. Thanks also to lan Henderson for his supervision. Maps and geographic data
used in Chapter five were produced using the mapping program "Amnesia" written in

Visual Basic specifically for this project by lan.

Many thanks go to Shannel Courtney, Nelson/Marlborough Conservancy, Department of
Conservation, whose knowledge, inspiration and support were vital to the realisation of
this thesis. Simon Walls, Tim Shaw and Graeme Ure, also of DOC, provided much

needed assistance when required, information and logistic support.

I would like to thank Landcare Research, Lincoln, for providing access to the CHR
herbarium, its collections and database facility. In particular, I’d like to thank Murray
Parsons, Mary Korver and Debbie Redmond as they ensured the Myosoris collection
records were entered preferentially into the database and provided me with all the
equipment and assistance I required while gathering the data for this thesis. Also, many
thanks to Aaron Wilton, for providing updated database versions. I would also like to
thank David Glenny and Kerry Ford for some enlightening discussions and very

interesting field experiences.

I would also like to thank Pam Byrne for most excellent field assistance. Other field
assistants who I’d like to thank include John Mitchell, Emily Whitehouse, Cathy Lake,

Yvette Cottam, Krista McKinzey, Bruce Sunnex and Samson de Jaeger.

Thanks to Bill Malcolm for allowing me to reproduce some of his photos in this thesis
and the DOC report. His photo of Myosotis monroi was the inspiration behind the study

of precocious bud pollination (Chapter four).

I would also like to thank Sandy Robson, the Map librarian at Massey University, for all

her assistance while gathering data for Chapter five.

I couldn’t have done it without a great deal of help from my family. In particular I'd like



to thank my mum for her much needed support along the way. Also, thanks to Auryn,

and his wonderful uncles and aunties, and Grant.

A very BIG thank you to Pauline and Joe, and Viv for providing wonderful hospitality to
me while staying in Palmerston North. Also, Nomes, Don, Helen, Ron, Robyn, Eva,

Amelia, Russ and Cindy, thanks.

I would like to thank the Department of Conservation for funding the logistics of this
project, the New Zealand Vice Chancellor Committee for providing an additional
scholarship stipend (William Georgetti Scholarship) and Massey University (doctoral
stipend, GRF, Ecology Development Fund).

vi



Table of Contents

ADBSITACT. .o JEUTUUTR 1l
AcCKnowled@ements............oviiiiiii i S AY
Table of CONEENTS ..o vii
Chapter 1: The biology of rarity and New Zealand Myosotis .................................... 1

Chapter 2: Mating types, herkogamy and rarity in six species of Myosotis L

(BOraginaceae)............ccoooiiiii oo 22

Chapter 3: Allee effects in plant reproductive performance: Local density,
population size, rarity and reproductive success in natural populations of

Mpyosotis L. (BOraginaceae)..................ccoooiiiiiiiiiiii 43

Chapter 4: Precocious bud pollination: Maximizing chances for cross pollination

in the ultramafic endemic Myosotis monroi Cheesm. (Boraginaceae). .......... S8

Chapter 5: Rarity in NZ Myosotis L. ... 72

Chapter 6: Species limits in the Myosotis forsteri Lehm./venosa Col. Complex ...... 88
Chapter 7: ConCIUSIONS. ..........ooiiiiiiiii e, 103
RETETENCES ... 106

Vil



1. Nelson Myosotis: a report to the Conservator, Nelson-Marlborough
Department of CONServation.............cocooviiiiiiiiiei e, 117
2. The reproductive biology of Myosotis oreophila: a short report for
Alan Mark and Katherine Dickinson ... 170
3. Seed set by hand-pollinated flowers of Myosotis monroi at the two
stages, precocious buds (p) and open flowers (0)................................. 177
4. Pollen load on precocious and fully open flowers of Myosotis monroi.. 178

S. Specimens used for morphological measurements in the rarity in New

Zealand Myosotis study. ... 179

6. Specimens of Myosotis forsteri and M. venosa from which
measurement data were taken......................... 180
GIOSSATY ..o 183

Viit



