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Although the earliest arachnids were apparently marine,
arachnid diversity has been dominated by terrestrial forms
[rom at least the Devonian. Even though arachnid fossils are
scarce (perhaps only 100 pre-Cenozoic taxa), representatives
of all major arachnid clades are known or cladistically im-
plied from the Devonian or earlier, suggesting very early ori-
gins (Selden and Dunlop 1998). The more recent great
radiation of insects, in contrast, seems to be Permian
(Kukalova-Peck 1991, Labandeira 1999). Taxonomically,
arachnids today are composed of approximately 640 fami-
lies, 9000 genera, and 93,000 described species (table 18.1),
but untold hundreds of thousands of new mites and spiders,
and several thousand species in the remaining orders, are still
undescribed. Arachnida include 11 classically recognized
recent clades, ranked as “orders,” although some acarologists
regard Acari as a subclass with three superorders. Acari (ticks
and mites) are by far the most diverse, with Araneae (spiders)
second, and the remaining orders much less diverse. Dis-
counting secondarily freshwater and marine mites, and a few
semiaquatic spiders and one palpigrade, all extant arachnid
taxa are terrestrial. Arachnids evidently arose in the marine
habitat (Dunlop and Selden 1998, Selden and Dunlop 1998,
Dunlop and Webster 1999), invaded land independently of
other terrestrial arthropod groups such as myriapods, crus-
taceans, and hexapods (Labandeira 1999), and solved the
problems of terrestrialization (skeleton, respiration, nitrog-
enous waste, locomotion, reproduction, etc.) in different
ways.

296

OXFORD

UNIVERSITY PRESS
2004

Arachnids and Chelicerata

The monophyly of extant Euchelicerata—the arachnids and
their marine sister group, the horseshoe crabs or mero-
stomes—is consistently indicated by both morphology and
molecular data (Snodgrass 1938, Wheeler 1998, Zrzavy et al.
1998, Giribet and Ribera 2000, Giribet et al. 2001, Shultz
2001). However, their relationship to the “sea spiders”
(Pycnogonida), an enigmatic and morphologically highly
specialized group of marine predators, remains controver-
sial. Pycnogonids are variously seen as sister to euchelicerates
(Weygoldt and Paulus 1979, Weygoldt 1998, Giribet and
Ribera 2000, Shultz and Regier 2000, Regier and Shultz 2001,
Waloszek and Dunlop 2002) or as sister to euchelicerates and
all remaining arthropods (Zrzavy et al. 1998, Giribet et al.
2001).

Phylogeny of Arachnida

Arachnid monophyly is supported by at least 11 synapo-
morphies, among which extraintestinal digestion (although
some mites and all members of Opiliones are particulate feed-
ers), slit sense sensilla (absent in palpigrades), a single me-
dial genital opening, and an anteroventrally directed mouth
are particularly convincing (Weygoldt and Paulus 1979,
Shultz 1990, 2001). If fossils are considered, arachnid mono-
phyly is less certain mainly because of the character conflict



Table 18.1
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Arachnid Diversity at the Family, Genus, and Species (Described and

Estimated) Levels.

Species
Families Genera Described Estimated
Arachnida 650 9500 100,000 ~1 million
Acari ~430 ~3300-4000 ~50,000 0.5-1 million
Araneae 109 3471 37,596 76,000-170,000
Opiliones 43 1500 5000 7500-10,000
Pseudoscorpiones 24 425 3261 3500-5000
Scorpiones 17 163 1340 4,000
Solifugae 12 141 1084 1,115
Amblypygi 5 17 142 ?
Schizomida 2 39 237 ?
Palpigradi 2 6 78 100
Uropygi 1 16 101 ?
Ricinulei 1 3 55 85

From Adis and Harvey (2000), Harvey (2003), Platnick (2002), Fet et al. (2000).

created by marine scorpions and eurypterids. Paleontologists
consider some fossil scorpions to have been marine (Jeram
1998, Dunlop 1998, Dunlop and Webster 1999, Dunlop and
Selden 1998), which, if true, implies either that terrestrial
scorpions invaded land independently, or that they returned
to the seas secondarily. If the former, the similar arachnid
innovations for terrestrial life may be convergent rather than
homologous (Jeram 1998, Dunlop and Selden 1998, Dunlop
and Webster 1999). Some paleontologists have argued that
scorpions are derived merostomes (Dunlop 1999, Dunlop
and Selden 1998, Jeram 1998, Dunlop and Braddy 2001),
but the paucity of informative characters and the poor or
incomplete preservation of the (very) few fossils that exist
make conclusions ambiguous and tentative. Paleontologists
now recognize three extinct arachnid orders: the clearly tetra-
pulmonate Trigonotarbida (50 species, including Anthra-
comarta; Dunlop 1996b), Haptopoda (one species), and
Phalangiotarbida (26 species), the latter two orders of un-
certain affinities (Selden and Dunlop 1998, Dunlop 1996b,
1999). The paleontological arguments tend to emphasize a
few characters (e.g., absence of respiratory structures on the
genital somite and subdivision of the abdomen into a proxi-
mal broader section and a distal tail) while discounting con-
trary evidence, especially that not preserved in fossils.
Cladistic analyses based on morphological data for extant taxa
place scorpions deep inside the recent arachnid clade, pos-
sibly related to Opiliones, pseudoscorpions, and solifuges
(Shultz 1990, 2000, Wheeler and Hayashi 1998, Giribet et al.
2002), but this clade becomes ambiguously resolved when
fossil scorpions and eurypterids are coded, possibly because
of the large amount of conflicting character states, because
of the aquatic habitat and missing data imposed by the fos-
sils (Giribet et al. 2002). The extinct eurypterids are also
chelicerates and are apparently closer to arachnids than to

xiphosurans (Weygoldt and Paulus 1979). Molecular data
sometimes place scorpions as true arachnids (Wheeler et al.
1993, Giribet et al. 2001, 2002) but can nest horseshoe crabs
within “true” arachnids as well (Wheeler 1998, Wheeler and
Hayashi 1998, Edgecombe et al. 2000, Giribet et al. 2002).

The phylogeny of Arachnida itself is contentious, but not
as contentious as a perusal of the recent literature might sug-
gest. Specialists may disagree on analytical methodology and
interpretation of fossil morphology but largely agree that more
data are needed before incongruence should be taken seriously.
Classical morphological analysis more or less strongly suggests
various clades: Acaromorpha (= ricinuleids-mites), Haplocne-
mata (= pseudoscorpions—solifuges), Camarostomata (= whip
scorpions—schizomids), and Tetrapulmonata (four-lunged
arachnids: Araneae, Uropygi, Schizomida, Amblypygi). Besides
the controversy over scorpions mentioned above, the positions
of Palpigradi, Opiliones, Ricinulei, and Acari are unsettled
(Weygoldt and Paulus 1979, Weygoldt 1998, Shultz 1990,
1998, Wheeler et al. 1998, Giribet et al. 2002). Weygoldt and
Paulus’s early analysis was the first explicit phylogenetic treat-
ment of arachnid relationships, selecting characters that they
considered to be of phylogenetic importance while dismiss-
ing contradictory evidence as convergence or secondary loss
without regard to parsimony. Later authors analyzed morphol-
ogy and/or molecular evidence cladistically (or using other
numerical analytical methods). Parsimony analysis of mor-
phological data from extant groups by different researchers
generally agrees with the topology presented in figure 18.1.
However, most of the morphological phylogenetic analyses of
Arachnida published so far are based on groundplan codings
for each order instead of using multiple representatives of each
order showing the particular combinations of character states
in those terminals. This alternative way of coding terminals
has been recently discussed by Prendini (2001a), and it is
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clearly superior at least in the sense that it allows testing for
monophyly of the arachnid orders. Such an exemplar coding
has been recently attempted (although with some groundplan
codings remaining) in the context of arachnid phylogeny by
Giribet et al. (2002).

Recent analyses based on molecular data neither confirm
much of the tree based on morphology nor agree on an alterna-
tive. Two nuclear loci, 18S and 28S ribosomal RNA are usu-
ally employed at the interordinal level (Wheeler and Hayashi
1998, Giribet and Ribera 2000, Giribet et al. 2001, 2002), on
the grounds that rates of change in these loci seem appropri-
ate for reconstructing divergences this old. Elongation factor-
la (EF-1a), EF-2, and RNA polymerase 11 have also been
studied at the level of arthropod relationships (Regier and
Shultz 1997, 1998, 2001, Shultz and Regier 2000), but few
data are available for the interordinal chelicerate relationships.
The Uropygi-Schizomida doublet is always corroborated, but
the molecular data either deny Acari-Ricinulei (Wheeler and
Hayashi 1998, Giribet et al. 2002) or include them in a tri-
chotomy with sea spiders (Wheeler 1998). The monophyly
of Tetrapulmonata is strongly supported by morphology,
contradicted by some molecular-only analyses (Wheeler and
Hayashi 1998, Giribet et al. 2001) and confirmed by others
(Giribet et al. 2002). But even the latter found a novel in-
ternal topology for Tetrapulmonata (Amblypygi (Araneae
(Uropygi, Schizomida))). If viewed as an unrooted network,
its spider subclade was correct, but morphology clearly roots
the subclade differently (see below). Wheeler and Hayashi
(1998) did recover Opiliones—Acari (but excluding Ricinulei).
However, this clade was sister to horseshoe crabs, requiring
another hypothesis of secondary marine invasion.

In general, the molecular results to date tend to agree with
morphology on fairly low-level relationships (monophyly of

harvestmen, haplocnemates, camarostomes, scorpions, spi-
ders, etc.) but to disagree with some morphologically based
deeper nodes. Besides nesting exclusively marine groups
inside terrestrial arachnids, examples include scorpions as
sister to Camarostomata, Acari falling outside a group in-
cluding mollusks, myriapods, and chelicerates (Wheeler
and Hayashi 1998), scorpions as sister to spiders (Giribet
et al. 2002), a diphyletic Acari (Giribet et al. 2002; although
monophyly of Acari is, of course, not universally agreed upon
even among acarologists), amblypygids and pseudoscorpi-
ons as sister to the remaining chelicerates, palpigrades nested
within spiders (Wheeler 1998), scorpions as sister to ricinu-
leids, or spiders as sister to uropygids exclusive of schizomids
(Giribet and Ribera 2000). The lack of consistency in mo-
lecular results at the ordinal level from one study to the next
casts doubt on the robustness and accuracy of the molecu-
lar data gathered to date. On the other hand, molecular data
have tested the monophyly of arachnid orders more strictly
than has morphology by including multiple exemplars within
each order. Furthermore, very few molecular analyses spe-
cifically address arachnid interrelationships, and the same loci
(18S and 28S rRNA) have been used consistently. Studies of
metazoan or arthropod phylogeny tend to include only a few
chelicerates, and the topological incongruities seen are prob-
ably due at least in part to sparse taxon sampling.

When the currently available molecular data are combined
with morphology (Wheeler 1998, Wheeler and Hayashi 1998,
Giribet et al. 2001, 2002), the latter tend to dominate at the
deepest nodes. The ordinal topology of the combined analysis
by Wheeler and Hayashi (1998: fig. 7) agrees almost perfectly
with the morphology based analysis of Shultz (1990) and
differs strongly from the molecules-only tree. This is not as
true of the largest analysis to date by Giribet et al. (2002).


































































