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Abstract

Taxonomic classifications simultaneously represent hypotheses of taxon identity and
relationships to taxonomists, and real, unchanging entities to users of taxonomic information.
Taxonomic changes, while representing scientific progress, can be a source of frustration for
users. A method for assessing confidence in the taxonomy of a group of organisms would assist
users of the taxonomy. A method is presented for determining the degree of development of a
taxonomy, a concept termed ‘taxonomic resolution’. The method was applied to six groups of
southern African mygalomorph trapdoor spiders, namely Stasimopus Simon 1892 (Ctenizidae
Thorell 1877), Ancylotrypa Simon 1889 (Cyrtaucheniidae Simon 1889), four genera of Idiopidae
Simon 1889 assessed as a single group, Galeosoma Purcell 1903, the families Migidae Simon
1889 and Microstigmatidae Roewer 1942, and the burrowing scorpion genus Opistophthalmus C.
L. Koch 1837 (Scorpionidae Latreille 1802). The method was based on the assumption that
species delimitation in a group of organisms, the taxonomy of which is based on morphological
characters, depends on whether the sample of material examined is adequate for assessing
variation in those characters. Five assessment criteria were identified and scored for a group of
species using the taxonomic literature. Estimates of the number of species remaining to be
discovered and described in each group were also included in the assessment. The results
obtained for the trapdoor spiders ranged from 15 to 29%, indicating a potentially significant
degree of uncertainty in the taxonomy. Results for Migidae and Microstigmatidae were 51 and
78% respectively, whereas the result for Opistophthalmus was 93%. The applied value of a
measure of taxonomic resolution, the limitations of the method, and a strategy for developing a
more generally applicable method are discussed.
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Introduction

Taxonomy aims to discover, describe and name the species with which we share this planet, a
fundamental scientific activity that provides the foundation for our understanding of the living
world. Sound taxonomy is important for ecologists, conservationists, farmers, bioprospectors,
and others (Gotelli 2004; Mace 2004; Wilson 2004). The inventory and naming of organisms
that share our world documents the diversity of life on earth and facilitates communication about
this diversity, which is essential for us to manage it. Taxonomy has been a fundamental
discipline for over 250 years, and it is more important today than ever as human activities place
increasing demands on the natural environment (Godfray and Knapp 2004).

Although taxonomy is fundamental to many scientific disciplines, changes in names and the
biological entities they delimit, while representing progress in taxonomy, often frustrate the users
thereof (Morrison et al. 2009). This problem arises from the dual role of names, which
simultaneously represent hypotheses of identity to taxonomists, but real and assumedly
unchanging entities to others (Thiele and Yeates 2002). Dayrat (2005) suggested that
taxonomists should only name taxonomic entities when there is sufficient certainty in the
delimitation or cohesiveness of those entities resulting from research, but that unnamed
hypotheses of species identity be described in the interim. It is unlikely that the tradition of
naming taxa during taxonomic research will change, however (Valdecasas et al. 2008). A method
for assessing confidence in the taxonomy of a group of organisms would assist users of the
taxonomy. The degree of development of a taxonomy is termed ‘taxonomic resolution’ for the
purpose of this article, and an empirical assessment of the taxonomic resolution of several groups
of southern African arachnids is presented.

The method presented was initially developed to assess the status of the taxonomy of trapdoor
spiders (Ctenizidae Thorell 1887; Cyrtaucheniidae Simon 1889; Idiopidae Simon 1889) included
in a systematic conservation plan for Gauteng Province, South Africa. Several species within
these families were identified as being of conservation importance through an expert consultation
process and included in the plan. The conservation plan protects species of conservation
importance by identifying areas that should be included in a protected-area network or
preventing development activities that would result in significant habitat loss where the species
occur (Margules and Pressey 2000). In Gauteng Province, a heavily urbanized region where
there is often conflict between development pressure and biodiversity conservation, species-
specific conservation objectives must be well justified. A more rigorous assessment of the
conservation status of trapdoor spiders was needed. Taxonomic issues became apparent when
new material was collected during Environmental Impact Assessments and other survey efforts.
The method presented here for indirectly assessing taxonomic resolution provides a systematic
way to inform conservation status assessments when species identity might be in question.

Defining ‘taxonomic resolution’

The term ‘taxonomic resolution’ is defined here as a measure of the degree to which a proposed
taxonomic classification represents natural species (i.e. real biological entities rather than
hypothetical constructs). The method presented is based on the concept that scientific theories
become progressively more explanatory and predictive as research proceeds, eventually reaching



a point where they are sufficiently comprehensive to explain both the data used in their
development and new observations (Ford 2000).

This progressive theoretical development is also true for taxonomy (Lipscomb et al. 2003; Sites
and Marshall 2003), where hypotheses concern the identity and limits of species, and
observations are morphological or molecular characters gathered from individual specimens.
Taxonomists delimit species based on these observations; for example, a species represents a
group of specimens that share a unique combination of characters (Cracraft 1983; Nixon and
Wheeler 1990). Further research may discover new specimens not accommodated in the original
hypotheses of species identity, in which case revision may be necessary: new species may be
described, species united by synonymy, the diagnoses of species expanded or restricted, and
species transferred between genera. Conceptually, taxonomic research should progress to a point
at which statements of species identity are sufficiently comprehensive and specific to accurately
classify any new specimen not previously included in their development. The taxonomy for a
group of organisms may be considered well resolved at this point. The method for assessing
taxonomic resolution presented here is an attempt to assess the degree of progress towards this
point.

It is important to recognize that a taxonomy is not fully resolved until all species in the group of
interest have been discovered and satisfactorily described. Undescribed species must also be
considered if the measure of taxonomic resolution is to indicate the likelihood of accurately
identifying any specimen belonging to the group. Assessing the taxonomic resolution of a group
therefore requires three steps: (1) score each described species in the group for a set of criteria
identified to assess the degree of development of the taxonomy; (2) estimate the number of
undescribed species awaiting discovery in the group; (3) calculate the taxonomic resolution of
the group using the metrics obtained from the preceding steps.

Finally, the term taxonomic resolution as used here should not be confused with phylogenetic
resolution, which indicates the level of understanding of relationships between species or other
taxa (e.g. Miller 2003), or the Linnean rank to which specimens are identified in datasets of
community composition (also termed taxonomic resolution, e.g. Anderson et al. 2005; Chessman
et al. 2007; Jones 2008).

Methods
Focal taxa

The taxonomic resolution of all trapdoor spider genera included in the Gauteng Province
conservation plan was assessed. Stasimopus Simon 1892 (Ctenizidae), Ancylotrypa Simon 1889
(Cyrtaucheniidae) and Galeosoma Purcell 1903 (Idiopidae) were assessed at the genus level. The
idiopid genera Ctenolophus Purcell 1904, Idiops Perty 1833, Segregara Tucker 1917 and
Gorgyrella Purcell 1902 were assessed as a single group as it is uncertain whether these genera
are monophyletic as currently defined (Hewitt 1919a; Raven 1985). Galeosoma, Stasimopus and
Ancylotrypa, considered sufficiently distinctive morphologically to be readily diagnosable, were
assessed as individual groups. All species within the abovementioned genera occurring in the
southern African countries of Botswana, Lesotho, Mozambique, Namibia, South Africa,
Swaziland and Zimbabwe were included in the assessment.



Assessments were also undertaken for the southern African species of the mygalomorph spider
families Migidae Simon 1889 and Microstigmatidae Roewer 1942, both revised fairly recently
(Griswold 1985, 1987a, b), and the southern African burrowing scorpions of the genus
Opistophthalmus C. L. Koch 1837 (Scorpionidae Latreille 1802), currently under revision by the
second author.

The taxonomic literature required to assess Stasimopus, Ancylotrypa, Galeosoma and the other
idiopid genera was identified using the Catalogue of Spiders of the World (Platnick 2008). As
many relevant publications were obtained as possible. The following references were consulted:
Pocock (1897, 1898a, b, 1900, 1901, 1902a, b), Purcell (1902, 1903a, b, 1904, 1908), Hewitt
(1910, 1913a, b, 1914, 1915a, b, ¢, d, 1916, 1917, 1919a, b, 1923, 1925, 1927, 1934, 1935),
Strand (1906, 1907, 1917), Tucker (1917, 1920), Lawrence (1927, 1937) and Hendixson and
Bond (2004).

In most cases, authors would describe or redescribe species from several higher taxa in the same
publication. Original and supplementary descriptions were collated for each species and
considered together in the assessment. Intraspecific taxa (subspecies and varieties) were treated
as equivalent to species. Each species was individually scored for the criteria described below.
Scoring involved reading through the collated literature for each species in chronological order,
finding the relevant information, and capturing the scores for the criteria described below for
each species in a matrix.

Assessing described species

The current taxonomy of southern African trapdoor spiders is based on characters of the external
morphology. Species delimitation is typically based on identifying discontinuities in the variation
of characters among populations, which requires samples of specimens that are sufficiently
representative of the variation among and within populations. The method presented aims to
assess taxonomic resolution indirectly by quantifying whether the sample of material examined
for a species description is adequate for identifying such discontinuities. Five criteria were
identified for doing so.

Criterion 1. Adult male specimens were described

Many arachnid species are markedly sexually dimorphic and, in some cases, diagnostic
characters may only be present in one sex, usually the adult male (Hewitt 1915a; Tucker 1917;
Prendini 2001). Examples include the tibial spurs and palpal mating organs of male
mygalomorph spiders, the cheliceral flagellum of male solifuges, and the hemispermatophore
and secondary sexual characters of male scorpions (Raven 1985; Polis and Sissom 1990; Punzo
1998). Conspecific males and females of markedly sexually dimorphic taxa, like trapdoor
spiders, may be described as different species if discovered at different times or in different
localities. Conversely, heterospecific males and females may be described as the same species
when the description is based on single sex samples from different localities. In general, more
certainty can be placed in descriptions of arachnid species in which the adult male is known than
in those based only on adult females or immature stages. Consequently, this criterion received
the highest weighting in the assessment.
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Criterion 2. Adult female specimens were described

Most taxonomically informative, diagnostic morphological characters of arachnids occur only in
the adult stage. Ontogenetic variation in many characters used to describe arachnids causes
significant uncertainty when species are delimited on the basis of immature specimens only (see
e.g. Raven 1985; Prendini 2001). Although adult males are usually essential for delimiting
species, adult females may provide additional diagnostic characters not present in the immature
stages. This criterion therefore allowed species described only from adult females to score higher
than those described only from immatures.

Criterion 3. Samples from at least one locality permitted adequate assessment of variation

It is important that sample sizes be adequate for assessment of intraspecific variation and
identification of consistent, diagnostic character states for species delimitation. Very large
sample sizes may be required to obtain high statistical confidence that a particular morphological
character state is fixed for a particular species (Wiens and Servedio 2000) but in many cases
taxonomists make accurate decisions about species limits using samples of a few individuals and
expert knowledge of the group. Delimiting species on the basis of very small samples or single
specimens may be tenuous, however, especially among very closely related and morphologically
similar (cryptic) species. In the present assessment, a threshold of three specimens in a single
sample was set for assessment of intraspecific variation as this would enable a modest
assessment of variation by a taxonomist without placing unrealistic expectations on the quantity
of specimens available for study. Statistical power analysis can be used to determine minimum
sample sizes needed to delimit species using quantitative characters (but this still requires the
potentially arbitrary specification of a threshold) and presents an opportunity to refine the
method for application to other taxa. In scoring this criterion, only one sample was required to
meet the threshold and the specimens had to be of the same sex.

Criterion 4. Sufficient samples were available to assess geographical variation

In addition to adequately assessing the variation among specimens from a single population,
species delimitation must consider the variation among specimens from different populations.
When sample sizes are small, geographical variation may be misinterpreted as diagnostic and
mistakenly used as the basis for species delimitation. For example, specimens from localities at
the extremes of a cline may be misinterpreted to represent different species if no material is
observed from intervening localities. In such cases, the delimitation of these species is an artifact
of poor geographical sampling. Thus, delimitation of species based on samples from multiple
allopatric populations is a positive attribute of a taxonomy. Localities were used as a proxy for
populations for this criterion. A threshold of three samples from different geographical localities
was set, for the same reasons as in Criterion 4. The number of specimens in each sample was not
considered.

Criterion 5. No uncertainty in delimitation was stated or implied

In many old descriptions examined during the assessment, authors indicated uncertainty about
the validity of particular species. Such uncertainty was factored into the assessment using this



criterion. The expert knowledge of the revising author for the burrowing scorpions indicated
where uncertainty remains in species limits for this group.

The abovementioned criteria were scored ‘true’ or ‘false’ for each species within each group
under consideration using the taxonomic literature described earlier. In obtaining a score for each
species, two points were awarded when Criterion 1 was assessed to be ‘true’ and one point
awarded when each of the other criteria was assessed to be ‘true’. Zero points were awarded
when a criterion was assessed to be ‘false’. Weighting Criterion 1 in this way ensured that
species in which both sexes were described, scored higher than those described only from adult
males, which in turn scored higher than those described only from adult females, which in turn
scored higher than those described only from immatures. The total score for a species is the sum
of points awarded for all criteria.

Estimating undescribed species

Several approaches exist for estimating the total richness of a species community, be it over a
geographical region, landscape or single sample plot, and these may be extended to estimating
species richness within taxa. These methods include the use of taxon ratios (Hammond 1994;
Colwell and Coddington 1994), parametric model-fitting to species accumulation curves and
non-parametric species richness estimation methods (Colwell and Coddington 1994; Chao 2005),
species detection probability methods, based on mark/recapture models using temporally or
spatially replicated samples (MacKenzie et al. 2002, 2005), and methods based on spatial
turnover of species (Harte et al. 1999; Ugland et al. 2003; Jobe 2008). Accumulation curve
model-fitting and non-parametric estimation are most often used, and several models and
estimators are available. The data required for these methods are either a matrix of species
presence and absence over several sample plots, or species identifications of individual
specimens recorded randomly from a community (Gotelli and Colwell 2001).

Non-parametric methods, based on the ratio of singletons (species recorded once) and doubletons
(species recorded twice) to the total number of species, were used to estimate species richness for
the taxa of interest in the present assessment. Species occurrence data obtained from the
taxonomic literature for mygalomorph spiders and a comprehensive database of specimen
records for Opistophthalmus were used to develop the datasets needed for the estimates. Samples
were recorded as species occurrences at individual localities, as opposed to using collection
events or individual specimens, as it is expected that most new species will be discovered at
previously unsampled localities. Locality names for the mygalomorph spiders were standardised
so that permutations of the same name in the literature would represent a single sample in the
dataset. This resulted in 50 records for Ancylotrypa, 94 for Stasimopus, 48 for Galeosoma, and
102 for the other idiopid genera. The original dataset for Opistophthalmus comprised
approximately 3500 unique locality names and 4300 species records. It was difficult to
standardise locality names for this dataset because it was not always apparent whether different
records were sufficiently separated to be considered different localities using the names alone.
The number of singleton and doubleton species was therefore determined by plotting species
records in a GIS (ArcGIS 9.3) and examining the geographical distribution of records for each
species. Records less than 2 km apart were treated as a single locality. In most cases, singleton



and doubleton species with multiple locality records were readily apparent as the records were
closely clustered.

Richness estimates were calculated for the mygalomorph spiders with the software package
EstimateS Version 8.20 (Colwell 2009). The Chao 2 estimator was chosen as it uses incidence
data (i.e. species presence/absence per locality or sample), producing estimates considered
reasonable given our expert knowledge of the taxa involved, and confidence limits that in most
cases encompassed estimates obtained with other estimators. The exception was
Microstigmatidae, where Chao 2 estimated that no new species remain to be discovered, whereas
several other estimators indicated the possibility of one or two undescribed species. Richness
estimates were obtained manually for Opistophthalmus using the same formulas for Chao 2
implemented in EstimateS (Colwell 2009).

Several other studies used museum records or data drawn from the taxonomic literature for
richness estimation (e.g. Meier and Dikow 2004; Jones et al. 2009; Petersen et al. 2003; Petersen
and Meier 2003; Beck and Kitching 2007; Guralnick and Van Cleve 2005), but the most
appropriate methods, given the idiosyncracies of such data, need further investigation. Until then,
the choice of estimators and interpretation of results will remain a matter of expert evaluation
(Petersen and Meier 2003; Petersen et al. 2003; Beck and Kitching 2007).

Calculating taxonomic resolution

Overall taxonomic resolution scores were calculated for each group assessed using the following
formula, where s = the score for each species obtained by applying the assessment criteria,

n = the total number of species estimated for the taxon, and z = the highest score that could be
obtained using the assessment criteria (in this case, six):

E s/in*z)

Calculated as such, the score for each described species contributes to a cumulative score for the
taxon being assessed. Undescribed species effectively contribute scores of zero. If every species
within the group scored ‘true’ for all five criteria, and all species had been discovered, the overall
score would be 1 or 100%. The taxonomic resolution estimate was calculated using means and
95% confidence limits for species richness estimates substituted for 7.

Results

Taxonomic resolution estimates were 26% for Stasimopus, 15% for Ancylotrypa, 29% for
Galeosoma, 20% for the other idiopid genera, 51% for Migidae, 78% for Microstigmatidae and
93% for Opistophthalmus (Table 1). The estimates obtained for the migids, microstigmatids and
Opistophthalmus were generally higher than those for the other groups. Mean and 95%
confidence limits for the number of undescribed species were 41 (15-108) for Stasimopus, 72
(22-233) for Ancylotrypa, 11 (2-52) for Galeosoma, 61 (24—152) for the other idiopid genera, 8
(2-38) for the Migidae, zero for Microstigmatidae and 2 (0—44) for Opistophthalmus. Fewer
undescribed species resulted in higher taxonomic resolution estimates as there were fewer
species contributing a score of zero to the overall score for the taxon, whereas the upper richness
estimates resulted in more species contributing a score of zero and a lower taxonomic resolution
estimate. The large upper estimates of the number of undescribed species of Ancylotrypa and
Galeosoma resulted from the relatively small sample sizes for these groups and are probably
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unrealistic. The mean and lower estimates, and their corresponding taxonomic resolution
estimates, appear reasonable.

Table 1 Taxonomic resolution assessment of southern Africa trapdoor spider genera Ancylotrypa Simon 1889,
Galeosoma Purcell 1903, Stasimopus Simon 1892, four other idiopid genera (Ctenolophus Purcell 1904, Gorgyrella
Purcell 1902, Idiops Perty 1833, and Segregara Tucker 1917), the mygalomorph families Migidae Simon 1889 and
Microstigmatidae Roewer 1942, and the burrowing scorpion genus Opistophthalmus C. L. Koch 1837
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Within individual groups, Stasimopus spinosus Hewitt 1914 scored six whereas S. artifex Pocock
1902 scored one, with most other Stasimopus species (38%) scoring two. Ancylotrypa nuda
(Hewitt 1916) and A. pretoriae (Hewitt 1913) scored six whereas 4. granulata (Hewitt 1935), A.
coloniae (Pocock 1902) and 4. elongata Purcell 1908 scored one. The majority of other
Ancylotrypa species (58%) scored three or four. Galeosoma pallidum pilosum Hewitt 1916 and
G. vandami Hewitt 1915 scored six whereas G. vandami circumconjunctum Hewitt 1919 and G.
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Fig. 1 Percentage of species that scored zero to six in taxonomic resolution assessment of southern Africa trapdoor
spider genera Ancylotrypa Simon 1889, Galeosoma Purcell 1903, Stasimopus Simon 1892, four other idiopid genera
(Ctenolophus Purcell 1904, Gorgyrella Purcell 1902, Idiops Perty 1833, and Segregara Tucker 1917), the
mygalomorph families Migidae Simon 1889 and Microstigmatidaec Roewer 1942, and the burrowing scorpion genus
Opistophthalmus C. L. Koch 1837

crinitum Hewitt 1919 scored one, with most other Galeosoma species scoring two or three (33
and 27% respectively). Among the other idiopid genera, no species scored six, Idiops grandis
(Hewitt 1915) and I. pulcher Hewitt 1914 scored one, I. castaneus Hewitt 1913 and 1. striatipes



Purcell 1908 scored zero, with most other species (37%) scoring two. No migids or
microstigmatids scored zero or one. Seven migid species (28%) scored six, whereas most
microstigmatids (67%) scored five or six. No species of Opistophthalmus scored zero or one and
the majority of species (75%) scored six. The percentage of species in each group that scored
zero to six is presented in Fig. 1.

Discussion
Trapdoor spider taxonomy

The results of this analysis indicate that the taxonomy of southern African trapdoor spiders is
poorly resolved. This finding was expected as most of the species were described in the early
1900s before modern standards and methods had been established, and when opportunities to
travel and collect were limited. The higher taxonomic resolution estimates obtained for migids,
microstigmatids and Opistophthalmus were also expected, given the more recent work on these
groups. The scores obtained for migids and microstigmatids were limited to some extent by the
small sample sizes available. The migids obtained a mean estimate of 51% with the lower
confidence limit comparable to the results obtained for the low-scoring groups. The high
estimate for Opistophthalmus is attributed to the large number of specimens examined from a
wide range of localities. These results indicate that the resolution of a taxonomy is not simply a
function of whether or not the taxon has been revised. Revisions of different groups may resolve
their taxonomy to differing degrees, but will always be constrained by the availability of
sufficient material for determining species boundaries. This is an important consideration for
trapdoor spiders. The cryptic nature of these animals makes obtaining additional material
difficult and small samples are likely to remain a limiting factor for modern revisions. Future
work should focus on collecting more material, with particular emphasis on obtaining both sexes
of described species and larger samples from individual localities. Resampling type localities
should be a priority. As sampling these animals is costly, additional sampling localities should be
carefully chosen to obtain maximum coverage of the environmental conditions and geographic
extent of the region with available resources (Hirzel and Guisan 2002; Hortal and Lobo 2005).

The scores obtained for individual species during the assessment process can also provide useful
information, indicating which species are relatively poorly sampled, or the limits of which
appear to be less defined, compared to those which are relatively better sampled or the limits of
which are better defined. However, scores for individual species should be interpreted in light of
scores obtained for the group as a whole. For example, two species of Galeosoma, G. pallidum
pilosum and G. vandami, obtained high individual scores, but the overall estimate for Galeosoma
(29%) was fairly low. Hewitt (1916) noted the similarities between G. pilosum and G. pallidum,
and later reduced it to a subspecies of the latter (Hewitt 1935). Adult males collected near the
type localities of G. pallidum pilosum, G. pallidum and G. hirsutum also suggest these taxa are
potentially synonymous (I. Engelbrecht, pers. obs.). Therefore, species with high scores in
groups with low overall taxonomic resolution should not necessarily be regarded as well-
resolved species. Conversely, species with low individual scores, such as those known from
single specimens, may be so distinctive that there is no question about their validity.

Poorly resolved trapdoor spider taxonomy will likely result in misidentifications of undescribed
species, poorly resolved species, and undescribed sexes of species known from only one sex.



Users of the taxonomy should be aware of these potential pitfalls. Matching specimens with
descriptions and identifying specimens using keys based on a poorly resolved taxonomy will
often lead to misidentifications. In the absence of taxonomic revisions and reliable keys,
identifying trapdoor spiders will require individuals to develop their expert knowledge by
examining types and other material as well as familiarizing themselves with the literature.
Uncertain identifications and methods of identification should be indicated on specimen
determination labels.

Conservation implications

The results of this study provided invaluable information for assessing the conservation status of
the trapdoor spiders included in the Gauteng conservation plan. Rigorous conservation
assessments are difficult when taxonomic questions exist as the uncertainty is propagated to the
population or distributional data available. In such cases, a Data Deficient listing is appropriate
(IUCN 2010). Importantly, the conservation status of a species must be considered with other
factors, such as degree of threat and cost of remediation, when determining appropriate
conservation action (Possingham et al. 2002). In Gauteng Province, where development pressure
is severe, precautionary conservation action may be warranted for trapdoor spiders until further
research indicates otherwise.

This study demonstrates the value of estimates of taxonomic resolution for a particular group of
animals. The method presented is simple to understand and implement using the taxonomic
literature, and provides a measure of confidence in the taxonomy of a group of organisms. Its
primary shortcoming is that the assessment criteria used are not generally applicable to a broad
range of taxa as they do not consider sources of evidence used in species delimitation other than
morphological characters. It would not be difficult to adapt or augment the criteria for other taxa,
however. The method is only an indirect assessment of taxonomic resolution, but a more
rigorous analysis is not possible with the data provided in the taxonomic literature of most
organisms. Additionally, the method does not consider more complex aspects of the taxonomic
process, such as synonymy (Gaston and Mound 1993; Solow et al. 1995), nor does it consider
expert knowledge or the application of different taxonomic concepts (i.e. species definitions) by
different taxonomists. These factors contribute to its simplicity, but important information might
not be captured in the estimate obtained from such an assessment. Further development of
approaches for assessing taxonomic resolution is required so that other scientific disciplines and
endeavors may consider this information explicitly.

Future directions

How should a more generally applicable approach for assessing taxonomic resolution be
developed? The primary challenge is to develop a method that is applicable to the broad range of
character systems used in taxonomy while remaining relatively easy to apply. The method
presented here was developed specifically for a group of organisms in which the primary
characters for species delimitation are discrete, qualitative or meristic attributes of external
morphology. Eye arrangement, leg measurement ratios, spination patterns, and the development
of modifications to the appendages, particularly in adult males, are the primary character systems
available for trapdoor spiders. As such character systems often exhibit a fairly broad range of



intraspecific variation, large sample sizes are important for species delimitation. This may be
contrasted with the situation in araneomorph spiders and most insects, in which the complex,
species-specific reproductive structures primarily used for species delimitation exhibit little
intraspecific variation, allowing species to be delimited with confidence on the basis of one or a
few specimens (but see Huber 2003 for critique). In such cases, two of the five criteria developed
for the present assessment are rendered inapplicable, although some uncertainty may remain in
matching conspecific males and females. Various other sources of data exist for species
delimitation, including behavioural differences (e.g. call sonograms in birds, frogs and bats),
ecological differences illustrated by field data or ecological niche models, differences in
phenology, chromosomes, etc. Molecular data also represent a significant source of data, often
used in conjunction with others. Integration of these diverse sources into a single assessment of
taxonomic resolution will be more challenging but not impossible.

The IUCN Red List (IUCN 2001) approach to assessing the extinction risk of species may offer a
conceptual model for further development of approaches to assessing taxonomic resolution. The
history of the Red List criteria and approaches to their development are outlined by Mace et al.
(2008). The current criteria are applicable to a broad range of taxa and make use of data that are
readily available for many taxa, i.e. population sizes, changes to population size and extent of
distributional ranges. Sets of criteria were developed for particular groups, such as birds, and
later merged and refined to produce the current set of generally applicable criteria.

Mace et al. (2008) make the important point that the Red List criteria do not attempt to determine
the extinction risk of a species as a function of the specific threats to which it is exposed, but
rather to determine the extinction risk from a generic set of symptoms that arise as a result of
those threats. The intention is not to identify details about threats during the assessment process,
but to broadly identify species for which further investigation and potential remediation might be
required. A similar approach to developing a generic set of criteria for assessing taxonomic
resolution would require assessing the symptoms of taxonomies with differing degrees of
resolution. For example, poorly resolved taxonomies are likely to be unstable, resulting in many
misidentified specimens and rapidly changing species boundaries, relative to the number of
taxonomic publications. These symptoms are not simple to identify or assess, however. In
following the Red List model, a starting point might be to develop taxon-specific methods for
assessing taxonomic resolution and, once sufficient progress has been made, initiating attempts
to synthesize those into a generally applicable framework.

The question remains as to the importance of assessing the taxonomic resolution for a group of
organisms. This depends on the costs associated with the application of a taxonomy. When costs
are high, as was the case when trapdoor spider conservation objectives conflicted with urban
development objectives in Gauteng Province, understanding the degree of development of the
taxonomy is important. These spiders were included in the conservation plan on the grounds that
their poor representation in museum collections indicated rarity, and urban development had
been extensive in the areas where they were known to occur. This precautionary approach was
justified given the data available, but the outcome may have differed if the estimates of
taxonomic resolution presented here had been available. Other examples in which taxonomic
resolution is potentially important include bioprospecting organisms for potential
pharmacological properties or as biological control agents, assessing the invasiveness of alien



species, plant pathogen identification and control, or in any other field of applied biology that
relies fundamentally on taxonomy.

Lastly, a measure of taxonomic resolution would be useful for the taxonomic process itself.
Measures of taxonomic resolution may be used to prioritise taxonomic research on groups for
which a well resolved taxonomy is important, or to evaluate alternative taxonomies for the same
group of organisms. Taxonomic resolution could be used to demonstrate the value of specific
taxonomic works produced by individuals or the cumulative improvement in the taxonomy of a
group of organisms resulting from the work of a specific project or research team over a period
of time. This would be valuable in justifying continued funding and research. The assessment of
taxonomic resolution in preparation for a taxonomic revision would also indicate areas to which
attention should be focused during the revisionary process, and those that would achieve the
greatest advances to the taxonomy. For example, a substantial improvement in the taxonomic
resolution of Galeosoma could be made by the discovery and description of adult males, known
in only two of the fifteen described species and subspecies, compared to females, which are
relatively well sampled in most species. Thus, further sampling, using methods suited for
obtaining adult males, should be prioritised for future revision of this group.

Conclusion

The concept and utility of a measure of the degree of resolution of a taxonomy has been
demonstrated for several groups of southern African arachnids. Conservation assessments should
include an assessment of the taxonomic status of species under consideration, particularly where
comprehensive taxonomic revisions have not been undertaken, and this approach provides a
systematic method of doing so. The measure is applicable to arachnids (and other invertebrates),
the taxonomy of which is based on external morphology. More generally applicable, integrative
measures will require further development.
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