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Abstract

Breakthroughs in centipede systematics over the past 25 years have included: a stable morphology-based cladogram for

ordinal interrelationships that is largely congruent with well-sampled nuclear ribosomal genes; the discovery of mid

Palaeozoic crown-group fossils, including Silurian-Devonian stem-group Scutigeromorpha and an extinct order in the

Middle Devonian; and, a web-based catalogue of all centipede species globally. Challenges include species delimitation

in several groups, conflict between different kinds of molecular data (nuclear coding genes versus ribosomal genes), the

inter-familial relationships and classification of the Geophilomorpha in particular, and effecting a synthesis between

microanatomical studies of selected ‘model’ species and dense taxonomic sampling in numerical phylogenetic analyses. 
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Introduction

Centipedes are enjoying a renaissance of study in terms of what their segmental variation means in the context
of arthropod bodyplan development. The genetic basis of segment formation (Kettle et al. 2003; Chipman et
al. 2004a, b) and segment identity (Hughes & Kaufman 2002), as well as the relationship between intraspe-
cific variation in segment numbers and geographic distribution (Arthur & Chipman 2005), are among the
questions that put centipedes near the forefront of arthropod segmentation and tagmosis research. Concur-
rently, phylogenetic relationships within the Chilopoda as well as broader arthropod studies focused on the
position of myriapods are active fields of both morphological and molecular research, generating phyloge-
netic hypotheses that underpin higher-level taxonomy (Edgecombe & Giribet 2007). 

Despite the burst of research on centipede segmentation, developmental genetics, phylogeny, and ultra-
structure, taxonomic work on Chilopoda is conducted by only about 20 active specialists worldwide, and by
any measure basic descriptive taxonomy of centipedes is less intensely practiced now than in the early or mid

20th century. For the purpose of carving taxonomic research on centipedes into historical slices, I have chosen
the early 1980s as a dividing point. This coincides with the publication of J.G.E. Lewis’ (1981) seminal
review, The Biology of Centipedes, which included a summary of taxonomic work to that point, as well as
R.L. Hoffman’s (1982) widely-used synoptic classification of Chilopoda. As such, major developments of the
past 25 years are the focus of this review.
     

Advances in the past 25 years

Cladistic analysis: morphology
As has been the case in systematics generally, the past 25 years have witnessed an agreement by centipede

workers that taxonomy should reflect phylogenetic relationships. Earlier classifications of Chilopoda—e.g.,
the Anamorpha-Epimorpha split advocated by Haase (1881) and Attems (1926)—admitted groupings diag-
nosed on the basis of shared primitive characters such as anamorphic development. The relationships between
the five extant orders of Chilopoda entered the era of explicit cladistic argumentation via Dohle’s (1985)
defence of the Notostigmophora-Pleurostigmophora split [endorsed by Verhoeff (1902-1925) and Fahlander
(1938), among others, in the pre-cladistic era], as well as a sister group relationship between Craterostigmo-
morpha and Epimorpha (Fig. 1A). A more detailed analysis that drew the same phylogenetic conclusions was
made by Borucki (1996). The focus of these studies was the interrelationships of the five extant centipede
orders more so than relationships within those orders. A prevalent theme of the 1980s and 1990s studies was a
groundpattern approach to estimating the basal condition for the orders.    

Numerical parsimony analyses that sample major groups by coding the observed character state in a range
of exemplar taxa that are also sampled for molecular sequences corroborate the earlier, non-numerical cla-
dograms (Edgecombe et al. 1999; Edgecombe & Giribet 2004; Giribet & Edgecombe 2006). The classifica-
tion of chilopod orders depicted in Fig. 1A is relatively uncontested from the perspective of morphology apart
from the inverted topology defended by Ax (1999), an arrangement made possible by excluding much of the
relevant character data. 

Cladistic analysis: DNA sequences
DNA sequence data applied to centipede systematics have principally involved nuclear ribosomal and

nuclear protein-encoding genes, with lesser focus on mitochondrial and segment polarity gene sequences.
The first study to sample all five extant orders of centipedes for sequence data, using fragments of the

small (18S) and large (28S) nuclear ribosomal subunits (Giribet et al. 1999), retrieved a cladogram for 12 spe-
cies that is congruent with the morphological hypothesis in Fig. 1A. This scheme was also retrieved using the
same markers when the taxonomic sample was trebled and different analytical methods were employed (mul-
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tiple alignments versus Direct Optimization) (Edgecombe et al. 1999). An augmentation of that sample to
include 70 terminals corroborated Fig. 1A for morphology as well as for combined morphology and nuclear
ribosomal genes, but including mitochondrial genes yielded a novel topology with Craterostigmus more
closely allied to Geophilomorpha than to Scolopendromorpha (Edgecombe & Giribet 2004) (Fig. 1B).
 

FIGURE 1. A, Cladogram of ordinal interrelationships of Chilopoda based on morphology and combined analysis of
morphology and the small and large nuclear ribosomal subunits 18S and 28S rRNA (Edgecombe & Giribet 2004); B,
molecular cladogram of Edgecombe & Giribet (2004); C, alternative cladogram based on three nuclear coding genes
(Regier et al. 2005) and combined analysis of seven genes and morphology (Giribet & Edgecombe 2006).
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Phylogenetic analyses of nuclear coding genes commenced with a survey of elongation factor-1α
sequences for five species representing four orders, yielding morphologically anomolous groupings (Shultz &
Regier 1997). Expanding the taxonomic sample to 11 species and adding RNA polymerase II sequences, anal-
ysis under parsimony and maximum likelihood frameworks retrieved Epimorpha but was otherwise incongru-
ent with morphology (Regier & Shultz 2001). A 27 species centipede sample that added a third gene,
elongation factor-2, and employed parsimony and Bayesian inference generally retrieved monophyly of the
four large chilopod orders but produced the enigmatic scheme of relationships shown in Fig. 1C (Regier et al.
2005).

Sequences of engrailed have been surveyed for eight centipede species that include all orders except for
Scutigeromorpha (Bastianello & Minelli 2001). Rooted on Lithobiomorpha, a Craterostigmus + Scolopendro-
morpha group (to the exclusion of Geophilomorpha) conflicts with the Epimorpha hypothesis.

Taking it as a given that congruence with morphological data is a desirable property of molecular analy-
ses, to date, nuclear ribosomal genes have provided more congruent signal than other molecular data sources
for deep centipede phylogenetics. This may be an effect of denser taxon sampling for these markers than for
other available genes.       

ChiloBase: a web-based catalogue
An electronic catalogue of centipedes of the world, ChiloBase, went online in April 2006 (http://chilo-

base.bio.unipd.it/docs/chilobase.php). This project, supported by the Global Biodiversity Information Facility,
was developed collaboratively by 10 centipede taxonomists. ChiloBase provides bibliographic data for all
genus- and species-group taxa of centipedes, synonymies, type localities, geographic distributions, and identi-
fies the most recent taxonomic scrutiny. The site will be updated at regular intervals.   

ChiloBase stands as the state of the art in terms of known global species diversity of Chilopoda, drawing
on over 4700 published taxonomic references. In the current (April 2006) version, 3493 valid species-group
taxa are recognised from a total of 5112 named species and subspecies (i.e., 1619 synonyms).

Palaeontology
Twenty years ago, the fossil record of Chilopoda extended no further back than the Upper Carboniferous,

ca 300 million years ago. Carboniferous fossils are confidently assigned to Scutigeromorpha and Scolopen-
dromorpha (Mundel 1979). Several remarkable discoveries have pushed the history of centipedes back to the
Silurian and Devonian, among the earliest diverse terrestrial arthropod assemblages.  

The description of an extinct order of Chilopoda, Devonobiomorpha, was necessary to accommodate the
Middle Devonian species Devonobius delta Shear & Bonamo, 1988. Though its trunk is incompletely known,
this species from the Gilboa deposits of New York is preserved in fine detail, like other arthropods extracted
from maceration samples. Although Devonobius has been allied with Craterostigmus (Borucki 1996), most
evidence favors a closer relation to the Epimorpha (Shear & Bonamo 1988; Edgecombe & Giribet 2004).   
Even earlier records of centipedes are provided by latest Silurian and Lower/Middle Devonian occurrences of
Scutigeromorpha in Britain and the eastern United States, all of which have been assigned to the genus Crus-
solum (Shear et al. 1998). This material includes antennae, maxillipedes and trunk legs (see Anderson &
Trewin 2003 for specimens from Lower Devonian chert from Scotland). The lack of some characters shared
by all extant Scutigeromorpha (e.g., tarsal papillae; four elongate spine bristles on the forcipular coxa) indi-
cates that Crussolum is a stem-group scutigeromorph.
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Descriptions of Upper Jurassic Geophilomorpha (Schweigert & Dietl 1997) and Lower Cretaceous Scuti-
geromorpha (Wilson 2001) and Scolopendromorpha (Wilson 2003) attest to the modern aspect of Mesozoic
chilopods. The latter appear to represent members of the extant families Scutigeridae and Scolopendridae.
Likewise a geophilomorph from Upper Cretaceous (Cenomanian) amber in France belongs to the Geophilidae
or Schendylidae (Edgecombe, Minelli & Bonato submitted).

Taxonomic breakthroughs in the four large centipede orders

Scutigeromorpha
The taxonomy of Scutigeromorpha received intense scrutiny in the 1970s in a series of papers by M.

Würmli, notably a seminal review of taxonomic characters (Würmli 1974), but only a few publications have
dealt with this group since the late 1970s. An over-riding theme of Würmli’s revisionary works has been
extensive synonymy at the species level (see discussion below), with the conclusion that scutigeromorph spe-
cies are morphologically variable and for the most part geographically widespread, and synonymy overtook
the pace of describing new species.  

A serious limitation of much taxonomic work on scutigeromorphs has been establishment of species
based on a paucity of material, which impedes an understanding of variability within and between populations
and limits the utility of many species as meaningful biogeographic data. This need not be the case. An instruc-
tive example from Australia is provided by Pilbarascutigera incola (Verhoeff, 1925). This species was
erected (as a member of Allothereua) based on three specimens from the Kimberley region in northwestern
Australia. A pitfall trapping program in the Pilbara region, to the southwest of the type locality, by several
Australian government and non-government agencies in 2000-2006 amassed more than 800 specimens of this
species from many sites (Edgecombe & Barrow 2007). Acquiring this kind of sample size (more than 100
specimens in one set of traps) required large traps—buckets used for trapping reptiles - maintained for a
period of up to six months. Longer term pitfall surveys should be a standard protocol for obtaining adequate
material for describing scutigeromorph species in arid regions.          
 The higher-level taxonomy of Scutigeromorpha has been informed by new characters from the preoral
chamber (Koch & Edgecombe 2006), and combined morphological and multiple-marker molecular analyses
(Edgecombe & Giribet 2006). A three-family arrangement of the order recognizes two families as species-
poor, Afro-Malagasy (Scutigerinidae) and Neotropical-Afrotropical (Pselliodidae) endemics, and a third fam-
ily (Scutigeridae) is more broadly cosmopolitan and contains most of global species diversity. This (old) clas-
sification is compatible with the (new) phylogenetic analyses.

Traditionally employed characters in scutigeromorph taxonomy, such as the distribution of spines, bristles
and hairs on the tergal plates, are conducive to examination by scanning electron microscopy (Fig. 2). As an
example, Figure 2 highlights similarities between the New Guinea genus Ballonema Verhoeff, 1904 and Indo-
Australian Parascutigera Verhoeff, 1904, with respect to having a pair of elongate spines at the base of each
bristle (Stachelborste), a complete lack of large unpaired spines associated with the bristles, and elongate,
tapering, variably hair-like spicula. Originally classified together in Ballonemini (Verhoeff 1904), Ballonema
was subsequently transferred to Scutigerinae (Verhoeff 1925). Molecular data conclusively nest Parascutig-
era within the Thereuoneminae (Edgecombe & Giribet 2006), and Ballonema appears likely to group with it
there.           

Lithobiomorpha
Lithobiomorpha is usually classified as two families, the principally Northern Hemisphere Lithobiidae

(974 species in ChiloBase) and the principally Southern Hemisphere Henicopidae (122 species). The latter
(sensu Eason 1992) is sometimes viewed as separate families Anopsobiidae and Henicopidae (Farzalieva et
al. 2004).
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In the last major review of lithobiid taxonomy, Eason (1992) divided the Lithobiidae into four subfami-
lies, Lithobiinae, Ethopolyinae, Pseudolithobiinae and Pterygoterginae. The Lithobiinae is probably paraphyl-
etic (leftovers after small groups are removed), whereas the Ethopolyinae is very likely monophyletic;
Pterygoterginae is monotypic, and Pseudolithobiinae is composed of a few species sharing coxal pores on legs
11–15 and female gonopods that are homoplastic in shape with certain American species formerly classified
as a family Gosibiidae (=Lithobiinae fide Eason 1992). Eason (1992), following Matic (1973), conceived of
Pseudolithobiinae as having a disjunct distribution in the western United States (Pseudolithobius) and Turkey
(Osellaebius), but the Turkish genus has since been synonymised with Ottobius Chamberlin, 1952, and the
monophyly of Pseudolithobiinae questioned (Zapparoli 1993).

Species-level work on Lithobiidae has benefitted from modern restudy of old type material (e.g., a series
of papers by Eason in the 1970s revising types of Fanzago and Fedrizzi, C.L. Koch and L. Koch, Newport,
Pocock, Stuxberg and Verhoeff), allowing modern keys to be made for the some broad geographic regions,
such as northwest Europe (Eason 1982). Important regional monographs have documented and revised the
centipedes in general or lithobiids in particular from Turkey (Zapparoli 1994, 1999, among others), Greece
(Zapparoli 2002), and the former U.S.S.R. (Zalesskaja 1978); recent taxonomic descriptions of lithobiids from
China (e.g., Ma et al. 2007) are a welcome addition. Morphometric approaches have productively been
applied to some species-delimitation problems in Lithobiidae (Pilz et al. 2007). Though much revisionary and
descriptive work remains to be done, the classification of lithobiids at the generic and higher levels is an even
more daunting challenge. For example, within the species-rich genus Lithobius, the existing subgeneric
framework relies on combinations of characters of antennal segment numbers and maxillipede dentition that
delimit geographically more or less coherent groups (Eason 1992) but the monophyly of these groups, such as
Sigibius, Monotarsobius, Chinobius and Ezembius, would be usefully tested with new character data, such as
DNA sequences. Whether certain Nearctic groupings established by Chamberlin but generally dismissed by
later workers as members of Lithobiinae (e.g., Gosibiidae and Watobiidae) are in fact useful monophyletic
groups is another promising avenue of study. Indeed the taxonomy of North and Central American lithobiids
is wide open, although it will require careful consideration of types for the myriad species erected by Cham-
berlin over a span of 60 years.  

The systematics of the much smaller lithobiomorph family, the Henicopidae, has been reassessed in a
series of cladistic analyses using combined morphological and molecular data (e.g., Edgecombe et al. 2002;
Edgecombe & Giribet 2003). These analyses were undertaken in conjunction with taxonomic description of
the Henicopidae of Australia, as well as descriptive or revisionary work on related Southern Hemisphere heni-
copids (see references in Hollington & Edgecombe 2004). Some of the protocols employed in the systematics
of Australian henicopids could prove useful in other geographic regions or for other centipede groups. For
example, a previously undescribed species, Henicops washpoolensis, was based on 2000 specimens from ca
300 sites, most sites sampled by a two-month pitfall survey spanning much of northeastern New South Wales
(Edgecombe & Hollington 2005). This regional survey allowed sites to be identified for re-collection for
DNA sequencing, sampling a putative morphospecies across much of its geographic range. In the case of
Henicops washpoolensis, sequences for 28S rRNA and 16S rRNA were obtained for 24 individuals from eight
populations (Edgecombe et al. 2006). Cladistic analysis of morphological and molecular data for those speci-
mens allowed a phylogenetic test of the monophyly of a morphospecies. The Gondwanan henicopid studies
found scanning electron microscopy to be a useful taxonomic tool, and this approach has since been increas-
ingly applied to other chilopod groups (e.g., Pilz et al. 2007 for Lithobiidae; Edgecombe & Barrow 2007 for
Scutigeridae) (Fig. 2).     

The taxonomic framework for Henicopidae after these studies is in many respects still compatible with
the classic scheme of Attems (1928). The two most contentious groups are those with disjunct biogeographic
distributions. Anopsobiinae has most of its species diversity in Gondwana but has five monotypic Northern
Hemisphere genera, and Zygethobiini has a trans-Pacific distribution including three Nearctic genera and two



 Zootaxa 1668  © 2007 Magnolia Press  ·  333EDGECOMBE: CENTIPEDE SYSTEMATICS: PROGRESS & PROBLEMS

Oriental genera. The morphologically-defined Anopsobiinae and Zygethobiini are both non-monophyletic
under most analytical conditions for molecular data (Edgecombe & Giribet 2003) and the former is weakened
by new morphological characters (Koch & Edgecombe 2007).

Within the mostly Southern Hemisphere Henicopini, the greatest existing challenge for taxonomists is an
understanding of the most species-rich, geographically widespread genus, Lamyctes, especially in tropical
Africa and South America. The validity of many of the ca 60 named species (at least 17 of which have already
been placed in subjective synonymy) cannot be established with the existing descriptions, and new field sam-
pling and exhaustive museum surveys, in conjunction with molecular analyses, are needed.

Scolopendromorpha
Although markedly at odds with some earlier schemes, Attems’ (1930) monograph remained the standard

for scolopendromorph classification until the 1990s, from which point several challenges have come forth. 
The most basic disagreement with Attems two-family (Cryptopidae versus Scolopendridae) arrangement

involves a view that “Cryptopidae” is a non-monophyletic grouping of blind taxa that have lost their ocelli
multiple times. Schileyko (1992) initally rejected “Cryptopidae” in favour of a classification that instead
weighted 21- versus 23-legged states as the fundamental basis for scolopendromorph classification. Subse-
quent phylogenetic analyses at the generic-level (Schileyko & Pavlinov 1997) reinforced non-monophyly of a
blind scolopendromorph grouping. The notion that trunk leg number could be employed in classification with-
out homoplasy (Schileyko 1992) is emphatically refuted by the discovery that 21 versus 23 trunk segments are
variable at a very restricted taxonomic level in the scolopendrine Scolopendropsis (Schileyko 2006).     

A three-family classification of Scolopendromorpha by Shelley (2002) used trunk leg number to distin-
guish Scolopocryptopidae (23-legged) from Cryptopidae (21-legged), while retaining Scolopendridae for taxa
with ocelli. Along with the geographically widespread clades Newportiinae and Scolopocryptopinae, two geo-
graphically-restricted clades composed of a few species each have been established within Scolopocryptopi-
dae—the Kethopinae for two genera in the western United States (Shelley 2002) and Ectonocryptopinae for
two species in Mexico (Shelley & Mercurio 2005). Restudy of the Chinese Mimops orientalis (Kraepelin) led
to its removal from the Cryptopinae and establishment of a new monotypic family, Mimopidae Lewis, 2006.

A few monographic revisionary works have made important contributions to understanding species diver-
sity and distributions as well as classification of Scolopendromorpha in various parts of the world. These
include the Plutoniuminae of Europe and North America (Shelley 1997), the entire North American scolopen-
dromorph fauna (Shelley 2002), the scolopendromorphs of the former Soviet Union (Zalesskaja & Schileyko
1991), and the Scolopendridae of Australia (see references to nine papers on Australian scolopendrids by L.E.
Koch cited by Koch & Colless 1986). Extensive taxonomic work in India is summarized in a check list of
Indian scolopendromorphs (Khanna 2001). Taxonomic description of scolopendromorphs can hopefully be
facilitated by a standardisation of descriptive terminology (Lewis et al. 2005).

Within the large, species-rich genera of Scolopendridae, considerable progress has been made in analyz-
ing variation in taxonomic characters in Otostigmus (Lewis 2000), which has allowed numerous nominal spe-
cies to be placed in synonymy (see e.g., Lewis 2002 for Indo-Australian diversity). The ca 70 species of
Cormocephalus have recently been reorganized into nine informal species groups (Schileyko & Stagl 2004),
though these would be profitably tested by cladistic analysis using a larger suite of characters. For Scolopen-
dra, species-level revision is aided by the availability of a catalogue of New World species (Shelley 2006). In
the same geographic region, the taxonomy of the large Neotropical genus Newportia has been advanced by a
comprehensive species-level revision and generation of a key (Schileyko & Minelli 1998). 

Geophilomorpha
Useful reviews of taxonomic characters employed in the Geophilomorpha and techniques for examining

specimens were provided by Foddai et al. (2002). 
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FIGURE 2. Tergal prominences as taxonomic characters in Scutigeromorpha. Scanning electron micrographs. A, C, E.
Ballonema gracilipes Verhoeff, 1904. Tergal plate 6. A, stoma saddles and spiracle, scale 100 µm; C, margin, scale 50
µm; E, left stoma saddle, scale 50 µm. B, H, Parascutigera festiva Ribaut, 1923. B, stoma saddles and spiracle of tergal
plate 5, scale 100 µm; H, bristle on tergal plate 1, scale 10 µm. D, F, G, Parascutigera cf. P. sphinx Verhoeff, 1925. D,
margin of tergal plate 6, scale 50 µm; F, tergal plate 5, scale 30 µm; G, bristle on tergal plate 1, scale 10 µm. Abbrevia-
tions: b, bristle (Stachelborste); p.s., paired spines at bristle base; sc, spicula.     

Taxonomic work on geophilomorphs in the past 25 years has especially concentrated on Schendylidae,
Geophilidae and Mecistocephalidae. Exemplary descriptions of schendylids and geophilids by L.A. Pereira,
A. Minelli and colleagues have especially focused on temperate and tropical South America (e.g., Pereira et
al. 1995, 2000). These data have contributed to a better understanding of Neotropical biogeography (Pereira et
al. 1997) and the likely ages of various geophilomorph taxa in that region, in total including nearly one–third
of global diversity of the order. The 320 species-group taxa of Geophilomorpha from Central and South
America have been catalogued (Foddai et al. 2000). 

Monographic revision of Mecistocephalidae has included a comprehensive assessment of species diver-
sity in India (Bonato & Minelli 2004) and Japan and Taiwan (Uliana et al. 2007). Within Mecistocephalus,
studies of variation have allowed traditional taxonomic characters to be reassessed and new diagnostic charac-
ters identified (Bonato & Minelli 2004). Mecistocephalidae is the best understood geophilomorph group in
terms of phylogeny, with detailed cladistic analysis of the family as a whole (Bonato et al. 2003) and the sub-
family Arrupinae in particular (Foddai et al. 2003). Three monophyletic subfamilies, Arrupinae, Dicellophili-
nae and Mecistocephalinae, are employed in a revised classification.       

Concerning higher-level taxonomy of Geophilomorpha, the deepest division within the order proposed by
Verhoeff (1908 in Verhoeff 1902–1925), a separation of mecistocephalids (=Placodesmata) from all remaining
geophilomorphs (=Adesmata), has found new support. Maternal brooding behaviour (Bonato & Minelli 2002)
as well as DNA sequence analyses and large insertions in 18S rRNA (Edgecombe et al. 1999; Edgecombe &
Giribet 2004) identify plesiomorphic character states in Placodesmata/Mecistocephalidae relative to Ades-
mata. This basal split is also retrieved in morphological cladistic analyses (Foddai & Minelli 2001; Edge-
combe & Giribet 2004).

Ongoing problems

Conflict between different kinds of molecular data
Deeper chilopod interrelationships can be considered very well established from the perspective of mor-

phology – new studies of individual organ systems such as eye ultrastructure (Müller & Rosenberg 2006 and
references therein) and the circulatory system (Wirkner & Pass 2002) corroborate and strengthen the cla-
dogram in Fig. 1A. As noted above, the same or nearly identical scheme of ordinal interrelationships is
retrieved by analyses of nuclear ribosomal genes. This indicates that there is no necessary conflict between
molecules and morphology per se with respect to centipede systematics. 

Conflict is, however, identified between different classes of sequence data. Analysed under a range of pro-
tocols, trees generated using nuclear protein encoding genes surveyed by Regier et al. (2005) yield a topology
(Fig. 1C) that is markedly incongruent with morphology, notably with respect to a basal position of Cra-
terostigmus in the Chilopoda and a putative sister group relationship between Scutigeromorpha and Scolopen-
dromorpha. The signal from the Regier et al. data comes to the fore when those data are combined with other
molecular and morphological characters (Giribet & Edgecombe 2006). Whether this situation persists with
denser taxonomic sampling or inclusion of further markers must be examined.   
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Species delimitation
An insightful review of problems involved in identifying scolopendromorphs at the species level by

Lewis (2003) explored sources of individual variability that have not always been perceived or appreciated by
earlier workers (see also Lewis 2000; Bonato & Minelli 2004 for Geophilomorpha). These include sexual
dimorphism, ontogenetic variation, wear on spines, and difference in size in different parts of a species’ distri-
bution. Determining the morphological limits of species remains problematic in several groups of chilopods,
notably scutigeromorphs and scolopendromorphs, and the problem has been compounded by taxonomic prac-

tice. A long period of fine splitting at the species-level by the early 20th century workers such as K.W. Verho-

eff and R.V. Chamberlin was followed by extensive synonymy in the later 20th century when a polymorphic
species concept took hold. Extreme examples from the Scutigeromorpha include Thereuopoda longicornis
(Fabricius, 1793), which has been assigned 26 junior subjective synonyms (Würmli 1979), with the result that
the species is considered to range from India to Japan and Australia, and Sphendononema guildingii (New-
port, 1844), with 22 subjective synonyms (Würmli 1978) that subsume a distribution from Mexico to Para-
guay. 

It may prove that the extreme polymorphic species concept masks real diversity, and some of the nominal
species currently in synonymy may be resurrected. DNA sequences are likely to play a role in evaluating the
status of geographically widespread species. An obvious example is Scolopendra morsitans, which is
recorded from all inhabited continents throughout the tropical and warm temperate parts of the world (Shelley
et al. 2005). Shelley et al. (2005) make a sound case for parts of the distribution that are likely to be non-
synanthropic, e.g., much of Africa and Australia (see Koch 1983 for the extensive distribution in the latter),
parts that are likely to be introductions (records from tropical islands and the New World tropics), and parts
that are likely to be misidentifications (e.g., Europe and most records in the Middle East). Molecular phylo-
geographic studies of widespread species like Scolopendra morsitans and Scutigera coleoptrata (11 junior
subjective synonyms fide Würmli 1977) are needed. 

The best documented case of genetic methods being employed in the identification of a cryptic centipede
species involves Geophilus in Britain, wherein a new species, G. easoni, was separated from G. carpophagus
using electrophoresis together with morphology (trunk segment counts, body size, labral dentition, coxal pore
numbers, pigmentation) (Arthur et al. 2001). 

Geophilomorph phylogeny 
The morphology-based phylogeny of Geophilomorpha by Foddai & Minelli (2001) was a much-wel-

comed first step in unravelling relationships within this largest of chilopod orders. It remains the only geo-
philomorph phylogeny that includes exemplars of all 14 or 15 currently recognised families. The most densely
sampled molecular analysis to date (Edgecombe & Giribet 2004) included members of just eight families.
Molecular data are especially needed for the Eriphantidae, Eucratonychidae, Gonibregmatidae, Macronico-
philidae and Neogeophilidae, most of which are not collected with regular frequency.

The available morphological data display sensitivity to analytical methods, notably a posteriori reweight-
ing. Equally weighted versus reweighted analyses (Foddai & Minelli 2001) differ with respect to the position
of Macronicophilus, the nominate genus in a re-established monogeneric family (Pereira et al. 2000), and
whether Himantariidae is more closely related to Oryidae and Gonibregmatidae or to Ballophilidae and
Schendylidae. Geophilidae s.l. is evidently a paraphyletic group in need of reclassification. Although addi-
tional morphological analyses will no doubt contribute to resolving these issues, an exhaustively sampled
molecular survey is the obvious next step in retrieving a tree that can serve as a basis for geophilomorph
familial and superfamilial taxonomy. 

Microanatomy and phylogeny: effecting a synthesis
Detailed microanatomical studies are a major focus of research on chilopod morphology, permitting

homology statements to be founded based on detailed, precise character descriptions. Studies of particular
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organ systems using transmission electron microscopy have allowed new ultrastructural data from, among
many possible examples, the eyes (Müller & Meyer-Rochow 2006; Müller & Rosenberg 2006) and anal
organs (Rosenberg et al. 2006) to be productively applied to phylogenetic questions.    

FIGURE 3. Relationships between Scutigeromorpha sampled for DNA sequence data (Edgecombe & Giribet 2006),
indicating sampling for scanning (SEM) and transmission (TEM) electron microscopy and light microscopy (LM) / his-
tology.

For practical reasons, the taxonomic sampling in microanatomical studies is limited, generally involving
detailed descriptions of single or few species within each of the major chilopod groups and as such these data
are informative for questions involving relationships between chilopod orders but are generally neutral on tax-
onomic problems at finer levels, even between families. The taxonomic sampling design is thus markedly dif-
ferent from studies using DNA sequence data and external morphology, which aim to cover the tree via dense
taxonomic sampling (Fig. 3). Currently the only solution to marrying these two sampling strategies is to
restrict codings for the TEM characters to those ‘model species’ that have been surveyed (e.g., Scutigera
coleoptrata alone within the Scutigeromorpha). To some extent, these sampling strategies can be bridged by
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light microscopic studies of anatomy examined via histological sections (e.g., fine structure of the preoral
chamber: Koch & Edgecombe 2006, 2007) and broader SEM survey of structures that have been studied in
fewer species by TEM (e.g., maxillary organ: Hilken & Rosenberg 2006).   
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