
A ustralia has lost 74 plant species
to extinction since European
settlement and more than 1000

threatened species are in danger of going
the same way.

Some causes of plant rarity – bulldozers,
grazing and introduced weeds – are
obvious enough, but what about the more
subtle question of how the inherent
characteristics of plant species affect their
abundance and distribution?

Do rare and common species have
different traits that contribute to their
relative abundance and distribution even in
natural, undisturbed environments?

Dr Brad Murray of CSIRO Plant
Industry is interested in how patterns of
distribution and abundance in plants relate
to their characteristics and life histories.

‘If rare and common species prove to
have different traits, understanding the
differences will provide a good scientific
basis for developing strategies for
conserving rare species,’ Murray says.

Murray’s research is based on three
important questions. Are there traits that
allow some species to become abundant or
widespread? Do naturally rare species
possess traits that allow them to persist
indefinitely at low numbers or in narrow
ranges? Are there traits that make some
species more vulnerable to human activities
like land clearing, habitat fragmentation
and introduction of exotic species?

Rarity . . . here and there

If we walk into a well-preserved eucalypt
forest, or any other plant community, we
accept, without a second thought, that
some plants are far more abundant than
others. Some scientists though, have given
this much more than a second thought!
Books have been written on the subject
and decades of study by numerous
scientists have attempted to describe and
understand patterns of distribution and
abundance in plant communities.
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Main picture: Rare shrubs such as Bossiaea scolopendria

are unlikely to undergo a rapid increase in numbers.

Below: In contrast, ‘somewhere-abundant’ species, such as

Dillwynia retorta, are more opportunistic.
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While working at Macquarie University,
Murray joined the fray. He and his
colleagues confirmed that plant comm-
unities have a few abundant species and
many low-abundance species. They also
found that most species that are rare at a
given location will be found in much
greater abundance somewhere else in the
species’ range (see graphs below).

In sclerophyll woodland and in tem-
perate rainforest, they found that most
rare species at one location were common
at some other site. The scientists dubbed
these ‘somewhere-abundant’ species.
Perhaps reassuringly, less than 10% of
woodland and rainforest species were rare
throughout their range, or ‘everywhere-
sparse’.

These rare species caught the interest of
Murray. Could it be that they have little
capacity to take advantage of temporary
opportunities for increasing their num-
bers, whereas other species are more
opportunistic?

Murray and Professor Mark Westoby of
Macquarie University investigated further
by comparing the rare and somewhere-
abundant species pairs at woodland sites
where both were rare.

Opportunism and close
neighbours

Their results showed that individual
shrubs in the rare category (Hovea linearis
and Bossiaea scolopendria) consistently
produced fewer seeds per square metre of

canopy cover than the corresponding
somewhere-abundant species.

They also had a different neighbour-
hood structure to their contrasted species
and  tended to be surrounded by indiv-
iduals of the same species. This means that
any canopy growth or colonisation into
adjacent space would be at the expense of
other members of the same species – not a
recipe for success.

So the everywhere-sparse species seem
to be characterised by poor capacity for
rapid increase in population.

These initial findings, say the scientists,
suggest that opportunistic increase in
numbers may help account for patterns of
local abundance.

What other characteristics are associated
with rarity?

Murray and CSIRO colleagues Dr Peter
Thrall, Dr Malcolm Gill and Brendan
Lepschi, and Dr Adrienne Nicotra, of the
Australian National University, reviewed
the wealth of literature on the subject:
some 52 studies worldwide.

They found that rarity in plant species is
generally associated with low potential for
dispersal and flower production; small
flowers and leaves; specialised habitat
requirements; and self-compatibility (the
ability to reproduce without outcrossing).

Comparing rarity

The scientists found that studies
conducted at different spatial scales, for
example local as opposed to continental,
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Left: Eight categories of abundance (A to H)

are theoretically possible at small,

intermediate and large spatial scales. All

known ‘threatened’ eucalypt species fall into

categories A to D.

Below: Five out of six of these hypothetical

species could be called ‘somewhere-abundant’

species as they are abundant in one part of

their geographical range. Species number 3,

the exception, is ‘everywhere-sparse’.

A framework for assessing rarity



Above: Among eucalypts, shortness tends to be a trait associated with

rarity. Tall species such as the forest red gum (above right) are

widespread, whereas shorter species such as E. steedmanii (above) are

often localised in distribution and threatened.

Below: Mapping eucalypt occurrence. Most eucalypts fall into category

F, such as the species shown below left, (E. socialis), being rare at small

spatial scales, but common at intermediate and large scales. Species

with a highly localised pattern of distribution, such as E. desmondensis,

(below right), are potentially at greater risk of extinction.
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often gave conflicting results. A species
can be rare locally, but common at other
geographical scales, while another is
common at local scales yet rare on a broad
scale. This prompted Murray and his
colleagues to think about developing a
new framework for comparing rarity in
plants that would incorporate multiple
spatial scales. 

They identified eight possible categories
of plant distribution. These are illustrated
by theoretical curves showing distribution
patterns spanning small, intermediate and
large spatial scales (see the graphs).

The scientists tested the framework by
classifying each of 700 eucalypt species
into these categories, using locality records
from the Australian National Herbarium. 

Eucalypts: far and wide

The 700 eucalypt species could be
classified into six of the eight theoretical
plant distribution categories. Most species
were found to be rare at small spatial
scales, yet common at intermediate and
large scales (category F). 

These species typically have multiple
populations of loosely-clumped and
intermediate, to wide-ranging point
coordinates.

Twenty eight percent of species were
rare at small and large scales but common
at intermediate scales (category D), while
some 18% of species were rare at every
spatial scale (category A), occurring at one
point only or in a few non-clumped and
narrow-ranging points. No eucalypt

species was common at all scales and all
were rare at one or more spatial scales.

‘The ramifications of this for con-
servation are immediately apparent.’
Murray says . ‘It means different groups of
species will be deemed rare depending on
the scale of classification.’

So which distribution categories out of
the eight are deserving of conservation?

To address this, the scientists applied
their framework to eucalypt species  listed
as ‘threatened’ by the Australian and New
Zealand Environment and Conservation
Council, and compared the findings with
those of non-threatened eucalypts.

The distributions were significantly
different and threatened species only fell
within categories A, B, C and D. These are
mostly species with relatively localised
distributions which puts them at risk of
extinction from localised catastrophic
events, such as large fires or an epidemic.
Conservation scientists say many Australian
plants are at risk from such events.

Furthermore, say the botanists, frag-
mentation of landscapes, due to human
activities, means that species that were
once widespread (such as categories F and
G) might now fall into categories A or B.

These species, which were once wide-
spread, but now fragmented, may not
have evolved mechanisms to cope with
isolation and could be at risk of genetic
erosion if dispersal and gene-flow between
populations is not maintained.

In eucalypts, both growth form
(ranging from shrubs to tall trees) and

duration of flowering (months) differed
among categories. This and related work
indicates that, at least in the Eucalyptus
genus, tallness, long-flowering time and
large leaves confer a definite advantage in
terms of increased geographical range. 

Tallness probably means better seed
dispersal by wind (especially as tall
eucalypts produce smaller seeds), which
could lead to better colonisation ability in
tall species . . . and so account for their
wider distribution across the continent.

‘The eight-category framework can be
applied to any group of plants to identify
important patterns that will be critical to
the conservation and management of rare
species,’ say Murray and his colleagues. 

‘The method also has a predictive aspect
in that it identifies inherent plant traits
and patterns of distribution that put a
species at potential risk of dying out,
perhaps allowing a more pre-emptive
approach to avoiding species extinction.’
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Which species are most deserving of conservation? A new framework for comparing plant rarity

at multiple spatial scales can be used to identify patterns critical to the conservation and

management of rare species 

A b s t r a c t : Providing a scientific basis
for conserving rare species requires
understanding what traits affect species
abundance, persistence at low numbers,
and vulnerability to change. Research has
shown that plant species can be abundant
at some sites, but rare elsewhere, or rare in
all locations. The latter species have a poor
capacity for rapid increase in population:
for example, low seed dispersal potential or
specialised habitat needs. These differences
between species provided the basis for a
framework for assessing rarity. The eight-
category framework can be applied to any
group of plants to identify patterns critical
to the conservation of rare species.The
method also identifies inherent plant traits
and patterns of distribution that put a
species at potential risk of extinction.

K e y w o r d s : plant species, rare species,
plant communities, plant distribution,
population dynamics, eucalypts.
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