Biodivers Conserv (2007) 16:4051-4079
DOI 10.1007/s10531-007-9207-1

ORIGINAL PAPER

Rare and infrequent southern African grasses: assessing
their conservation status and understanding their biology

Nigel P. Barker * Lyn Fish

Received: 6 February 2007/ Accepted: 14 June 2007/ Published online: 20 July 2007
© Springer Science+Business Media B.V. 2007

Abstract The taxonomic treatment for the grasses of southern Africa was one of the first
to be based on computerised data and the DELTA system. These data, based on over
70,000 herbarium records, are amenable for analysis of species parameters including
abundance, frequency and distribution. This information is suitable for the allocation of
species into the seven categories of rarity proposed by Rabinowitz using a combination of
habitat specificity (“Narrow” or “Broad”), population structure (“Sparse” or “Abundant”)
and distribution (“Restricted” or “Widespread”). We compare the species lists obtained
for each combination of these three aspects to published Red Data Lists (RDLs) for
southern and South Africa. Ninety-three species are placed in the most sensitive or
potentially threatened category (Narrow habitat, Sparse populations and Restricted dis-
tributions; RSN). This is substantially more than the number of species listed in current
RDLs for the region. Chi-square tests indicate a statistically significant bias in taxa from
the Fynbos Biome for three of the categories (RSN, RAN and WSN), from the Savanna
Biome for the WAN category and from the arid Succulent Karoo and Desert Biomes for
the RAB category. Analyses of habitat requirements indicate that many grasses listed
(especially those associated with a “Narrow” habitat) are found in some form of wetlands
(ephemeral or permanent), especially those at higher altitudes (montane). Despite concerns
about the subjective nature in determining the boundaries between the categories, this
method is shown to provide a meaningful and valuable list of taxa that require prioritisation
for more detailed assessment according to the IUCN criteria.
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Introduction

Red Data Lists (RDLs) document a region or nation’s rare and threatened species, and act
as the starting point for conservation incentives. The first attempt to document the extent of
rare and threatened plant taxa of the Flora of Southern Africa region (FSA; an area
including South Africa, Botswana, Namibia, Lesotho and Swaziland) was that of Hall et al.
(1980). However, with over 23,000 plant taxa currently recorded from the FSA (De Wet
et al. 1990) these early works are little more than annotated lists of poorly known species
(Ferrar 1989). The first comprehensive effort to document the Red Data species from the
FSA region resulted in the allocation of 3435 species to the old IUCN categories (Hilton-
Taylor 1996a, and subsequent updates, 1996b, 1997). This list was also captured in a data
base, and provided the platform for current RDL activities, and in 2002 Golding published
an updated RDL for the region (Golding 2002).

The documentation of rare and threatened species in South Africa is now the mandate of
the South African National Biodiversity Institute (SANBI), and this organisation has made
major strides towards the compilation of a Red Data List according to the IUCN’s latest
criteria (i.e., versions 3.0 and 3.1; [UCN 2001). The provisional RDL for land plants is now
available online (http://www.sanbi.org/biodiversity/reddata.htm). This list (which is an
interim assessment) contains 3036 species (approximately 12% of the regional flora) as of
August 2006.

The current version of the IUCN Red Data Categories require what is in essence a
Population Viability Assessment (PVA) of each species prior to being able to allocate it to
a category. This goes a long way towards making the allocation of a species to a particular
category more objective, but also has major implications on person-power allocations
towards conservation assessment and monitoring, an issue that is probably beyond most
developing countries’ budgetary allocations.

Plant RDLs are generally compiled from herbarium records. Hall (1989) felt that her-
baria were never intended to be used in conservation biology, but Robbirt et al. (2006)
make a strong case for the unique value of herbaria and museum holdings for conservation
assessment purposes, especially if these are captured in databases in appropriate formats.
However these resources are only as good as the past collection efforts, and many geo-
graphical areas, and in some instances, taxonomic groups, are under-collected, especially
in southern Africa (Gibbs Russell et al. 1984; Robertson and Barker 2006). Furthermore,
the effective management of these collections is critical if these resources are to be
properly utilised. From a southern African context, Hall (1989) and later Baijnath and
Nicholas (1994), Golding and Smith (2001) and Golding (2001) have all asserted that
herbarium taxonomists (and taxonomy) lend vital support to conservation biology. There is
thus a clear role for herbaria and taxonomists in compiling RDLs, and recommendations as
to the role of both herbaria and taxonomists in streamlining RDL assessments have been
made for the southern African region (Golding and Smith 2001; Golding 2001). However,
as noted by Robbirt et al. (2006), collection intensity must also be factored in when using
herbarium data. Problems such as limited collections, and poorly understood species, and
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the globally recognised “taxonomic impediment” (the decline in numbers of expert
taxonomists; Klopper et al. 2002) must thus receive urgent attention if herbaria are to play
a role in conservation initiatives and RDL assessments.

Golding and Smith (2001) note that there is a role for, and value in, regional taxonomic
treatments and floras in aiding in the identification of RDL species, and they urge
taxonomists writing floras to include data suitable for use in RDL development. However,
the vast majority of floras (especially for Africa) are old, produced well before the concepts
of the modern IUCN system, and thus contain no mention of rarity, population parameters
or detailed distribution information. Furthermore, they are also only available in print
form, a severe limitation when it comes to using these to obtain information useful in
assessing whether a species requires RDL status.

Willis et al. (2003) married the skills of an expert taxonomist with herbarium records
and a GIS system to assess [IUCN RDL parameters (especially those relating to distribution
and population structure) during the preparation of a taxonomic revision of the genus
Plectranthus in eastern and southern Africa. They note that herbarium data alone is not
adequate for RDL assessment, and comment that field knowledge is vital. Golding (2004)
states that the use of herbarium records can influence the RDL process, as there is an
uncertainty that is associated with the translation of herbarium label data to the new
TUCN red list system. This uncertainty stems in particular from a lack of information on
population and distribution parameters, supporting the call by Willis et al. (2003)
for improvements in the recording of botanical data for herbarium labels. Ponder et al.
(2001) have similar sentiments about museum data, especially if it is to be used in GIS
applications.

Recent computer developments have seen the initiation of online floras, such as Flora
Zambeziaca (http://www.rbgkew.org.uk/floras/fz/intro.html) and the Flora of Australia
Online (http://www.environment.gov.au/biodiversity/abrs/online-resources/flora/main/index.
html). However, at present the online Flora Zambesiaca only allows visitors to search using
taxonomic key words (i.e., names) and a few environmental or habitat parameters, and not any
other terms such as those referring to rarity. Nonetheless, the online Flora Zambesiaca does
have an option to list regional endemics. The Australian online Flora is similar, but does allow
one to search for taxa according to conservation status. There are also a number of taxonomic
keys and identification aids in electronic format (CD-ROMs and DVDs) based on the
DELTA system (Descriptive Language for Taxonomy; Dalwitz and Paine 1986). Examples of
these include the revision of the Restionaceae (Linder 2001, http://www.systbot.unizh.ch/
datenbanken/restionaceae/restionaceae.php?l=e), Flora of the British Isles (Stace et al. 2004),
for the Flora of Europe (http://nlbif.eti.uva.nl/bis/flora.php?menuentry=inleiding) and
AusGrass (Sharp and Simon 2002) for the Australian grasses (http://www.environment.gov.au/
biodiversity/abrs/publications/ausgrass/index.html). In many of these electronic data bases and
resources “IUCN-friendly” data are available, but presentation of taxonomic data in such
electronic formats has by and large yet to be undertaken for the flora of the African continent.
Thus, while the flora of the FSA region (and Africa in general) is covered at least in part by
various printed flora treatments, there is no easy way to retrospectively access data suitable for
RDL activities from them.

In this paper, we propose a different approach towards identifying potential RDL
species, using both Flora treatments or taxonomic revisions and herbarium records as a
means to compile data on species rarity. From this, RDL scientists can identify and
prioritise categories of taxa for formal RDL assessments.

The system we utilise here is based on Rabinowitz’s (1981) system of categories of
rarity that allow for the utilisation of demographic, geographic and habitat data. These
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categories record the geographic distribution, demographic structure and habitat require-
ments in a two-state form; restricted or widespread, sparse or abundant, wide or narrow
respectively. The demographic component can thus reflect, to a certain extent, the bio-
logical aspects of rarity of the taxa. It is interesting to note, however, that this apparently
simple system of assessing rarity has not been extensively utilised, despite the interesting
issues it raises about the biology of rarity (see for example Kruckeberg and Rabinowitz
1985). The main reason for this probably lies in the universal adoption of the IUCN criteria
(in all their historical forms; Mace 1994). Pirtel et al. (2005) also comment on the limited
number of studies utilising Rabinowitz’s system, and ascribe this to the fact that this
approach is largely theoretical, not intimately linked to conservation, and ignores
anthropocentric issues. Nonetheless, the Rabonowitz categories have been utilised for a
range of purposes in a number of studies on plants and animals (e.g., Goerck 1997; Pitman
et al. 1999; Yu and Dobson 2000; Lozano et al. 2003; Broennimann et al. 2005; Pértel et al.
2005).

According to Victor and Keith (2004), the elements of distribution range and popu-
lation structure are incorporated into the IUCN system in the form of various values of
“extent of occurrence” (EOO) and “area of occupancy” (AOO) etc. Obviously, those
taxa with restricted distributions, sparse population structure and narrow habitat
requirements are the most “sensitive”, and thus may require some form of positive
conservation action. The information required for applying these categories to taxa is a
distribution map (either already available in a flora treatment, or easily created using
herbarium records), as well as information on habitat specificity and population structure.
Very often, good plant collectors will include this as a matter of course when writing
herbarium labels. Thus the combination of herbarium specimens and geographic infor-
mation from floras or herbarium specimens can be used for placing species within the
Rabinowitz scheme. The final requirement is the experience and knowledge from the
taxonomists themselves.

Here we use such data for allocating the grass species of Southern Africa into the
Rabinowitz categories. Data for these three categories are known for most of the
southern African grass taxa, as they were recorded during the production of the volume
that is considered to be the grass flora of southern Africa, the “Grasses of southern
Africa” (Gibbs Russell et al. 1990). Furthermore, with over 1000 species recorded from
the FSA area (Gibbs Russell et al. 1990), the Poaceae represent a considerable contri-
bution to the plant diversity in the region, and thus a large group to use in this
assessment. Despite its comparatively recent publication and the large number of spec-
imens contributing to this data set, new grass taxa are still being found and described
from the FSA region, and some genera have been revised (Barker 1993, 1995, 1999;
Barker and Ellis 1991; Linder and Davidse 1997; Linder and Ellis 1990a, Verboom and
Linder 1998).

The use of the DELTA programs allowed for the recording of both specific (qualitative
and quantitative) characters as well as comment or text data for each southern African
grass taxon. For the production of the “Grasses of southern Africa”, 28 characters were
coded for each grass taxon of species rank or lower. This information was encoded by the
various contributors based on over 70,000 grass specimens housed in the National
Herbarium (PRE), as well as on observations and experience from field work. Of relevance
to RDL construction is the information on relative abundance and rarity of each species
that was recorded, and is thus available via the DELTA system. In addition, the flora
included a distribution map for every species.
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An overview of Red-listed grasses

Interestingly, the grasses receive scant attention in the [UCN Plant Red Data Book (Lucas
and Synge 1978) with a total of seven species listed world wide, none of which occur in
southern Africa. However, as noted by Davis et al. (1986), this Red Data Book contains
only examples, chosen to show the types of threats and the habitats and areas affected.
Davis et al. (l.c.) provide data indicating that (as of mid September 1985) the Poaceae is
ranked ninth in a list of the families with the most threatened species. The current IUCN
RDL (www.iucnredlist.org, downloaded on 24 August 2006) lists 77 species of grasses
worldwide.

Within the southern African context, Hall et al. (1980) listed 16 grass species, at least
two of which occur quite abundantly to the north of the FSA area. In a later Red Data list
restricted to the Karoo and Fynbos biomes, Hall and Veldhuis (1985) list 11 grass species.
Each is provided with an IUCN category, limited distribution information as well as an
assessment of the level of threat the populations or species are under. These two works are,
however, biased in favour of the flora of the Cape region, in particular the Cape Floristic
Region, and the accuracy of these “Red Data” lists is limited by the accuracy of the
taxonomic treatments of the day, as several genera have undergone taxonomic revision
resulting in changes to species concepts and names.

Hilton-Taylor (1996a) listed all vascular plant species in alphabetical order by genus,
and then species. It is thus time consuming to assess the entries for the Poaceae as a whole,
as they are scattered throughout the list. However, as this list was the precursor for the
regional RDL published in both print and electronic format by Golding (2002), it is
assumed that the contents are similar. Golding (2002) lists 88 grasses from South Africa,
and 120 from the FSA region.

The most recent RDL produced by SANBI (http://www.sanbi.org/biodiversity/reddata.
htm) lists only 35 grass species from South Africa, some of which are given the categories
Near Threatened (NT) or Least Concern (LC). This latter category or term is somewhat
confusing, being used in version 3.1 of the IUCN system for rare species that are not under
threat. However, the South African RDL specialists have developed a separate descriptor
based on Victor and Keith’s (2004) system in which a separate and additional descriptor of
rarity status is given for those taxa falling into the [UCN’s LC category (Lize Agenbag
pers. comm.). For the grass species listed as LC, this additional descriptor is either “rare”
or “rare—sparse”. More recent listings than 2002 are not available for the other countries
of the FSA region.

Methods

During the preparation of the species descriptions published by Gibbs Russell et al. (1990),
either or both the conservation status (based on the 1986 IUCN categories) and abundance
of each taxon could be entered as two separate DELTA characters. The abundance cate-
gories were modified from Radford et al. (1974). This latter character was modified by
omitting the “rare” category, as it was recorded under “conservation status” rather than
under “abundance”. The biomes in which species were found were coded according
Rutherford and Westfall’s (1986) categorisation. In addition, the distribution outside
southern Africa was also noted, with “endemic” being used to signify that the taxon was
known only from within the boundaries of the FSA area.
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This species data set was interrogated by means of the INTKEY program (Watson et al.
1989). This program, part of the DELTA package, enables the user to search for specific
characters, words or phrases in the character list of each taxon. Thus lists of taxa matching
or overlapping the given characters may be built up during the interactive interrogation of
the database. Once a taxon list has been obtained, additional details may be listed.

In this manner, lists of indigenous taxa (at the species level or lower) which fell into one
of the categories “endemic”, “infrequent” or “rare” were obtained. A few additional taxa
were appended, either because they were described subsequently to Gibbs Russell et al.
(1990), have been subsequently revised, or were not found by the search but were thought
to be suitable candidates. It must be noted that the taxonomic status of certain of the listed
species, and sometimes entire genera (for example Helictotrichon) is uncertain. These taxa
are marked accordingly in the accompanying tables by a # symbol.

Details concerning the biome distributions as well as life form and habitat information
were obtained for these species from the database. Data in this latter category was then
augmented by the examination of collector’s notes on herbarium specimens in PRE and
personal observations by a number of grass systematists. It must be noted that the biome
concept in use at the time the data was coded for DELTA was that proposed by Rutherford and
Westfall (1986), who recognised only eight biomes. However, an additional unit was
included by Gibbs Russell et al. (1990); “Afromontane” which refers to the afromontane
grassland areas at high altitudes. Subsequent to the publication of the Grasses of Southern
Africa, biomes and biome concepts for the region have been reviewed, the most recent
assessment being that of Mucina and Rutherford (2006). Thus the Forest biome concept
applied here refers to what are now considered as afrotemperate forests. Two additional
biomes (the Thicket Biome and the Indian Ocean Coastal Belt; IOCB) are also now recog-
nised (Mucina and Rutherford 2006), but are not considered here. It must be noted that the
IOCB falls into what Rutherford and Westfall (1986) considered to be the Savanna Biome.

Following the creation of this initial list, taxa that were not endemic (or almost so) to the
FSA region were excluded. The remaining taxa were then allocated to one of the seven
Rabinowitz categories. In many instances, the placing of the taxa into these categories was
not problematic, but in borderline instances it was decided to favour a conservative option.

The allocation of the taxa to either of the “wide / restricted” geographic range cate-
gories was carried out largely by means of examination of the distribution maps published
in Gibbs Russell et al. (1990). The maps in Gibbs Russell et al. (1990) were created using
PRECIS (National Herbarium, Pretoria (PRE) Computerised Information System) data
recorded in a quarter-degree grid square format (Edwards and Leistner 1971). As these
maps were of necessity published as small figures, these distributions were further reduced
to half-degree resolution. Rabinowitz (1981) did not provide a guide to how large an area
has to be before it could be construed as “wide”, so it was arbitrarily decided that any
taxon recorded from nine or more half-degree squares (contiguous or otherwise) had a wide
distribution. Nine contiguous half-degree grids would represent an area of approximately
27,250 km?. This area corresponds favourably with areas used in other studies that have
used Rabinowitz’s categories. Pitman et al. (1999) used a cut-off of 78,415 km? for
Amazon forest trees, while a mammal study used 10,000 km? (Yu and Dobson 2000) and a
study on the birds of the Brazillian Atlantic forest considered a restricted range to comprise
an area of <50,000 km? (Goerck 1997). Hartley and Kunin (2003) contextualise the sizes of
these areas by noting that according to the IUCN criteria, taxa with an Area of Occurrence
(AAO) of <20,000 km? are considered to be eligible for the Vulnerable category. Appli-
cations of the Rabinowitz system in smaller regions and countries have used smaller grids:
10 x 10 km for the Iberian flora, where occupation of 10 grids or less was considered a
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“narrow distribution” (Lozano et al. 2003). In a study of rare plants of Switzerland,
Broennimann et al. (2005) utilised grids of 16 X 16 km, and considered the occupation of
two or less grids to be a narrow range.

Allocation to one of the population categories was carried out on the basis of infor-
mation recorded by collectors onto herbarium specimen labels, as well as information
obtained from field observations of grass taxonomists. This is thus subjective, as aspects
such as the size of the plants in question may dictate the perceived population structure.
For example, Merxmuellera arundinacea is a large plant (1.5 m tall and up to 1 m in
diameter), and is thus conspicuous. In contrast, Prionanthium dentatum is a small annual,
and it seldom reaches 25 cm in height, and is obscured by other vegetation. A population of
M. arundinacea may thus appear to be abundant, but an equivalent area will contain a great
many more individuals of P. dentatum. A similar point was made by Yu and Dobson
(2000) who applied the Rabinowitz categories to mammals. This issue of conspicuousness
and size thus has to be kept in mind during the allocation of the taxa to the population
categories.

The assessment and placing of taxa into one of the two habitat categories was carried
out on the basis of herbarium label information, expert experience and data from various
floras and taxonomic treatments too numerous to list here. Keith (1998) notes that habitat
specificity has always been an important element of “rarity”, as well as potential risk of
extinction, and argues that aspects of habitat specialisation and/or ephemerality should be
built in to the IUCN criteria, and proposes specific criteria for this. However, these have
not been included in the IUCN criteria.

In the list of species resulting from our application of the Rabinowitz categories, we
present a generalised summary of information obtained from herbarium labels (of speci-
mens housed in PRE). These represent repeated observations (in the case where multiple
specimens are available) or singular notes when taxa are represented by a single or few
specimens from a single locality. Applying this criterion required discipline and careful
discernment, particularly in the instances where the taxa were placed in the geographically
widespread category, where it is tempting to erroneously assume that a wide distribution
indicates a broad habitat specificity. For instance, Stipagrostis amabilis has a widespread
geographic distribution, as it is found on Kalahari sands that cover a relatively large area of
the FSA region. It is, however, restricted to the crests of dunes of Kalahari sand, and is thus
considered to have a restricted habitat requirement.

In order to compare the Rabinowitz lists to existing RDLs, lists of grass species pub-
lished in the 2002 RDL (Golding 2002) were extracted from the CD-ROM that accom-
panied that work, and the 2006 Interim RDL (August 2006) was downloaded from
the SANBI Threatened Species Programme web site (http://www.sanbi.org/biodiversity/
reddata.htm, accessed on the 28th August 2006).

To determine if the species in each category were found more frequently than expected
in a particular biome, a y*-test was done on the biome data for each category.

Results and discussion

The taxa allocated to each of the Rabinowitz categories are listed in seven tables (Tables
1-7). Each table provides distribution data at the biome level and limited habitat and life
form data for each species, and indicates if any taxa are listed in either or both the 2002
and 2006 RDLs. Table 8 lists the number of taxa in each category, and compares these
to the 2002 and 2006 RDLs.
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Category 1 Taxa with Restricted geographic range, Sparse population structure and
Narrow habitat requirements (RSN).

This is the most sensitive category of the Rabinowitz codes and contains those taxa
that may require some fairly urgent form of assessment and monitoring. There are 93
taxa listed in this category (Table 1), and a closer examination of the species included
reveals some interesting taxonomic and phytogeographic implications. No less than 44%
of the taxa listed belong to one subfamily, the Danthonioideae, and 29% of the taxa listed
belong to one genus in this subfamily, Pentaschistis. The Danthonioideae has undergone
substantial radiation in the austral regions (Barker et al. 2007; Linder and Barker 2000,
2005), and this radiation has occurred extensively in the south-western Cape, predomi-
nantly in the Fynbos Biome. These grasses are C3 and are thus able to out-compete the
C, grasses, which are poorly suited to the nutrient poor status of the soils and the winter
rainfall regime (Cowling et al. 1997). In addition, many of these species occurring in the
Fynbos have evolved a variety of underground perennating organs in order to survive fire
(Linder and Ellis 1990b).

Many of the taxa listed in this category are found in the fynbos biome (56% of the taxa),
especially the montane fynbos on sandstone of the Table Mountain Formation of the Cape
Fold Mountains. As such, these species are under little threat of extinction, provided the
natural vegetation is managed appropriately. Rebelo and Siegfried (1990) provide figures
indicating that a total of 35% of the original area of the Fynbos Biome vegetation is
protected, with a further 9% proposed for protection. It is also worth noting that the
montane fynbos areas are sometimes not well known botanically, and new populations
(and new species) may well be found when they are further explored, or when visited after
a fire event, which generally triggers grass germination, growth and flowering in the
fynbos. When this happens, some grasses may be abundant for one or a few years post-fire,
then die or become moribund and not be recorded in mature vegetation. Herbarium records
may relate this information in an obscure way, such as (for example) including generally
logically unrelated comments like “flowering after burn” and “locally common at this
locality”. Connecting the biological reality of these species life history in relation to fire
requires experience in the form of field observations and taxonomic expertise.

The Savanna Biome contains 12.9% of the taxa appearing in this category, Grassland
9.6%, Nama-Karoo 10.7%, Succulent Karoo 8.6%, afromontane grassland 75%, Desert
6.4% and Forest 0%, (Table 1). In terms of habitat specialisations, 31.8% of the taxa in this
category are associated with wetland habitats, such as water bodies, marshes, stream and
river banks, seeps, vleis, pans etc.

Of the 93 species in this category, 30 (32%) were placed on the 2002 RDL and 25
(26.8%) in the 2006 RDL. Clearly, species in this category are the most urgently in need of
detailed assessment for inclusion in future RDLs, and should form the “priority list” for
the region’s RDL scientists.

Category 2 Taxa with Restricted geographic range, Abundant population structure and
Narrow habitat requirements (RAN).

Thirty three species are placed in this category (Table 2). Once again, representatives of
the subfamily Danthonioideae are common, accounting for 63.6% of the taxa listed. Just
under half (48.5%) of the species are found in the Fynbos Biome, 18.2% in the Succulent
Karoo Biome, 15% in the Grassland Biome, 12% in the afromontane grassland, and 9%
from the Savanna Biome. This bias of taxa from the Fynbos Biome is statistically sig-
nificant when tested by means of a y-test.
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It is interesting to compare the proportion of annual species in this list against that
reported in the RSN category (above). In this category, 15% of the species are annuals,
while only 9% of the species in the RSN category are annuals. This may be a reflection of
the demographic structure, in that annual species may be more abundant where they occur.
Rutherford and Westfall (1986) state that therophytes (i.e., annual species) dominate in
areas with low rainfall and extended summer drought. However, despite the ease with
which these taxa can become established, the plants are susceptible to adverse environ-
mental conditions for the remainder of their life span. Despite the association of thero-
phytes to arid areas, most of the annual species listed in this category occur in the fynbos.
Furthermore, these species do not appear to prefer arid microclimates within the Fynbos, as
29% of the taxa are associated with moist habitats.

Category 3 Taxa with Restricted geographic range, Sparse population structure and
Broad habitat requirements (RSB).

Eleven species fall into this category (Table 3). All except one of these species is found
in more than one biome, an indication of their broader habitat requirements. 63.6% are
found in the more arid biomes (Nama-Karoo, Succulent Karoo and Desert), but this is not
statistically significant. Only one species is associated with a moist habitat. However, as
these regions are severely undercollected (Gibbs-Russell et al. 1984; Robertson and Barker
20006), it is quite probable that many of these taxa could have wider geographic ranges, and
thus could potentially be removed from this category. Only three of the species in this
category appeared in the 2002 RDL (one considered as “Rare”, the other two as “Least
Concern”) and are in the 2006 list (Table 8).

Category 4 Taxa with Restricted geographic range, Abundant population structure and
Broad habitat requirements (RAB).

The above pattern of wider biome distributions of the species with broader habitat
requirements is repeated in this category, with 91% of the species being found in the three
arid biomes, a statistically significant distribution when tested by means of a Chi-square
test (Table 4). The Succulent Karoo in particular contains a high proportion of the species
in this category (63.6%). Comments made above pertaining to the low collection intensity
from these arid regions are also applicable here. This category has 18.2% annual species
while the RSB category (Table 3) has only 9.1% annual species. In this instance, the higher
proportion of taxa in the arid regions may account for this feature, as all the annual taxa in
the RAB category are found in the three arid biomes. Furthermore, none of the species in
this category are restricted to moist habitats.

Category 5 Taxa with Wide geographic range, Sparse population structure and Narrow
habitat requirements (WSN).

Twenty four taxa are placed in this category, of which 50% are found in the Fynbos,
21% in the Savanna, and the remainder spread over the other biomes (Table 5). Twenty
nine percent of the taxa are from one or more of the arid biomes. 8.3% of the taxa are
annual species. The majority (67%) of the species in this list are associated with moist or
damp habitats, which is why they are considered to have narrow habitat requirements.
Somewhat surprisingly, only two species listed here appear in the 2002 RDL, and one on
the 2006 list (Table 8).
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Category 6 Taxa with Wide geographic range, Abundant population structure and Nar-
row habitat requirements (WAN).

Seventeen taxa fall into this category, 52.9% of which are found in the Savanna Biome,
35.2% Nama-Karoo, 17.6% Succulent Karoo, 11.7% Desert and 5.9% in afromontane
grassland, a statistically significant bias (Table 6). A total of 47.1% of the taxa are found in
one or more of the three arid biomes. 17.6% of the taxa are annual species. As in the
previous category with a narrow habitat requirement (WSN) 70.6% of the species in this
list are associated with moist environments. Four taxa appeared in the 2002 RDL, but only
one is in the 2006 listing (Table 8).

Category 7 Taxa with Wide geographic range, Sparse population structure and Broad
habitat requirements (WSB).

This category is the one of least concern for consideration in any RDL. Only seven taxa
were placed in this category, 57.1% of which are found in the Grassland Biome. This
biome is considered to be under great threat from agriculture and urbanisation, and with
only 2% of it under some form of conservation (O’Connor and Bredenkamp 1997; Reyers
et al. 2001). Of the remaining taxa 28.6% are found in each of the Fynbos, Nama-Karoo
and Savanna Biomes (Table 7). No annual species are placed in this category, and no
species are associated with moist habitats.

Comparison of Rabinowitz categories and existing Red Data Listings

Table 8 summarises the number of species listed here using the Rabinowitz codes, com-
pared to how many of these species are also listed in the 2002 and 2006 RDLs. It must be
reiterated that the 2006 RDL covers only South African taxa, making direct comparisons
between the lists difficult, and highlighting the problems of using national and regional
boundaries when compiling RDLs, a problem also noted by Milner-Gulland et al. (2006)
for the Central Asian republics region. This also explains the decline in number of
recognised RDL grass species in South Africa from 88 to 35 between the 2002 and current
(2006) online assessments.

Of the 35 species listed in the 2006 RDL, 33 appear in the Rabinowitz categories
presented here. Further investigation of the two species apparently not included revealed
that one of them (Colpodium drakensbergense) is not listed under this name in the grass
flora (Gibbs Russell et al. 1990). Instead, it appears as C. hedbergii, which is a misap-
plied name. For this analysis, these two names are considered here under the former
name. The other species (Anthoxanthum brevifolium) is listed by Gibbs Russell et al.
(1990), but is cited as being indistinguishable from A. ecklonii, and the genus as a whole
is in need of taxonomic revision. Apart from these two explainable differences, it is
satisfying to find that all the taxa in the 2006 RDL are placed in one of the Rabinowitz
categories.

When comparing the lists obtained here with the FSA region’s RDL (Golding 2002), 58
out of the 120 RDL listed species (48.3%) are detected using the Rabinowitz system. This
is less satisfying, and reasons need to be sought to explain why just over 50% of the 2002
RDL species were not detected. In order to determine the reasons for their omission, the
grass flora (Gibbs Russell et al. 1990) was consulted for information on each of the 62
undetected species. Thirty seven of these are not included here as they are not endemic,
occurring in countries to the north of the FSA region, and even beyond the continent.
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A further 14 were considered as widespread and/or common. Three species are considered
taxonomically problematic or very poorly known, a further one is thought to possibly be a
hybrid, and five species listed by Golding (2002) are not listed at all by Gibbs Russell et al.
(1990).

The remaining two species are thus genuine omissions from the process used to allocate
species to the Rabinowitz categories. These species are:

1. Helictotrichon natalense (Stapf) Schweick. which is listed as Not Threatened by
Golding (2002), but which is considered infrequent to locally common, restricted to
wet places such as streamsides. It is, however, distributed over quite a large area
(KwaZulu-Natal to Mpumalanga; Gibbs Russell et al. 1990). It should thus be
allocated to the WSN category.

2. Danthoniopsis scopularum (J.B. Phipps) J.B. Phipps, which is known from a locality
south of Swaziland, where it is found on rock faces.

There is thus considerable overlap between the 2002 and 2006 IUCN lists, which
suggests that the Rabinowitz system highlights the relevant taxa and their particular
biologies that make them potentially rare and threatened. However, more taxa were
identified using Rabinowitz system than are currently (or previously) on [IUCN RDLs. This
implies that the other taxa listed here but not in the latest IUCN list deserve to be
reconsidered with some urgency.

Are rare grasses associated with specific habitats?

As already noted above, a considerable proportion of species in any of the Rabinowitz
categories with Narrow habitat requirements appear to be associated with moist habitats
and wetlands of various forms. For many taxa, this moisture requirement is in the form of
montane seeps, but for others that are found near streams, rivers and bodies of standing
water, there is a potential threat from anthopogenic activities. As noted by a number of
authors, there are many kinds of wetlands in southern Africa (Cowan 1995; Kotze et al.
1995; Rogers 1997; Mucina and Rutherford 2006). In this assessment (summarised in
Tables 1-7), we have tried to be as specific as possible about the nature of the wetland
habitat of the grasses listed. Many of the wetlands associated with the listed taxa are
small in size, and face different threats than do larger wetland areas. Also, many of the
“wetlands” associated with the more arid inland areas are ephemeral, and thus grasses
associated with sandy river beds or temporary pans (for example) must be considered to
have some specialisation to these ephemeral wetland systems.

Grenfell et al. (2005) recognised this when they noted that wetlands can be divided into
three zones of varying wetness: temporarily saturated, seasonally saturated and perma-
nently saturated. Further investigation of some of the grass species listed here could no
doubt categorise their specific habitat into these zones. Any land use practises that change
the balance of water input and output from wetlands will affect these zones (Grenfell et al.
2005). Lowland aquatic habitats are threatened with pollution, drainage, diversion and
physical destruction, but as noted by O’Keefe (1986), it is very difficult to conserve
catchments and river systems. Small wetlands in the arid interior plateau zone of southern
Africa (which are probably important habitats to those grass species listed here, especially
those in the Savanna biome) are also under threat, but accurate information on these
wetlands is lacking (Kotze et al. 1995). For South Africa, the National Water Act (Act 36
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of 1998) charges catchment managers with the duty of protecting aquatic resources and
their biodiversity. Thus, in principle, all species listed here that are associated with aquatic
or wetland habitats should be protected.

Difficulties in using the Rabinowitz system when based on herbarium records

The system proved to be generally easy to apply when suitable data was available.
However, it must be noted that concepts of “wide” and “restricted” geographic ranges are
subjective, and had to be subjectively specified here (in this case, the cut-off was a
herbarium record from nine half-degree squares). This subjectivity has also been recog-
nised by others who have applied the Rabinowitz system (e.g., Pitman et al. 1999; Yu and
Dobson 2000). Furthermore, it must be noted here that this is a rather crude assessment of
distribution area, and is difficult to relate to the IUCN’s concept of Extent of Occurrence
(EOO), and should not be considered as exchangeable concepts. As noted above, the IUCN
cut-off for the EOO is 20,000 km?, and nine contiguous half-degree grids would represent
an area of approximately 27,250 km?. One could reduce the choice of nine half-degree
squares in order to become more rigorous and more in line with the IUCN’s cut-off, but
this method or measure is still not comparable to that required by the IUCN for assessing
the EOO of a species (see http://intranet.iucn.org/webfiles/doc/SSC/RedList/RedList-
Guidelines.pdf). Hartley and Kunin (2003) analyse the effects of scale on rarity and
extinction risks, and note that the EOO does not provide any information about the dis-
tribution of a species’ populations within its range, and that outlier populations greatly
affect the EOO as a measure of distribution. In contrast, the Area of Occupancy (AOO) can
be calculated using a grid system, but that the size of the grid chosen can affect the values
obtained for a species” AOO (Hartley and Kunin 2003).

Some subjectivity also creeps into dividing taxa into “narrow” and “broad” habitat
requirements. The likelihood of a “narrow” habitat requirement can be determined from
common sets of information from herbarium records, where a series of similar observations
are made. However, the problem can arise when considering the term “narrow habitat
specificity”; it can refer to taxa either restricted to one specific habitat type (with asso-
ciated problems of how detailed and specific this could get to be) or found in more than one
habitat type which is restricted in terms of area. Often, the two will coincide, as specialist
habitat may be limited in area. However, generally it is relatively easy not to conflate
habitat and area in this regard.

Similarly, the distinction between “abundant” and “sparse” population structure is not
always readily apparent, and is probably the most subjective of the three Rabinowitz
criteria as it is not simple to obtain a meaningful cut-off value with accurate census data for
all the listed species. The best assessment of this requires the opinion of a botanist familiar
with the taxon in the field. Furthermore, as noted by Robbirt et al. (2006), detection (i.e.,
the initial noting, followed by collection and incorporation into a collection system) is a
function of density, distribution, habitat and visibility. Thus species in sparse populations
may not be collected that frequently, and these taxa may not be as “rare” as collections
data suggests.

It must also be emphasized that herbarium records represent a historical record of plant
distributions, and not a contemporaneous view. Thus a distribution record from a specimen
collected 200 year ago does not indicate that the species may still be found at that locality;
as anthropogenic or natural factors may have caused local extinction. Distribution data
based on herbarium collections must thus be considered to be potentially over-informative.
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Conclusions

To the best of our knowledge, this is the first use of a digital flora treatment for assessing
and listing species for conservation action. Based on herbarium label data and taxonomic
expertise, it is entirely possible for flora treatments and taxonomic revisions and mono-
graphs to be used to generate lists of species as candidates for RDL membership. The
Rabinowitz categories appear to be well suited for the sort of data available from these
sources, and the fact that the species placed in recent RDLs were also almost completely
included in the Rabinowitz categories is reassuring. However, the additional taxa listed
here and not on any IUCN list are cause for concern, and these species require further
attention by RDL specialists in conjunction with taxonomic experts.

In terms of the grass family, it appears that many (194, or about 19%) of the grass
species found in southern Africa are at best infrequent. Furthermore, 163 were associated
with some form of narrow habitat requirement (often associated with water or moisture),
suggesting that specific habitats are in need of monitoring and protection. The RSN set of
species can be considered as genuinely rare, and it is thus recommended that the latest
IUCN RDL for South Africa be updated by adding the species from the RSN category. In
so doing, these taxa can be prioritised for some form of population level investigation and
the initiation of monitoring programmes. However, the remaining categories (especially
those with Narrow habitat requirements) should also not be ignored, and must be flagged
for some form of conservation action.

Even in the face of concerns about subjectivity, we believe that (when based on data
obtained from sufficient collections and the relevant experts) the Rabinowitz categories are
an excellent system that complements the IUCN criteria. Using the grasses (an uncharis-
matic and often overlooked group of plants), we have demonstrated that these categories
can provide lists of candidate species (with interesting and differing biology) for further
detailed assessment as required by the IUCN criteria. As it is herbarium-based, the method
requires little or no field work. Even in the absence of an electronic flora or database, it can
be used to create a working list of species that have differing elements of rarity as part of
their biology. As long as herbarium records are considered to be sufficient and collection
intensity generally adequate, the method is suitable (especially when harnessed with tax-
onomic expertise) as a first step for developing nations with limited technical and human
resources which are endeavouring to complete national RDL’s.
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