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ABSTRACT 

Chelicerata belong in Arachnomorpha and comprise Xiphosura, Eurypterida, and 
Arachnida. Pycnogonida, Aglaspidida, Chasmataspida, and a number of merosto
moid taxa, e.g., Sanctacaris, are regarded as possible chelicerate relatives but are not 
included in Chelicerata. Autapomorphies are presented for xiphosurans, eu
rypterids, and the recognized arachnid orders, and the fossil record, mode of life, 
and probable phylogenetic affinities of each group are discussed. The fossil record of 
the chelicerate taxa is compared to published phylogenies. Current controversies in 
arachnid phylogeny include whether scorpions are closer to eurypterids than to 
other arachnids, though in either case scorpions and non-scorpion arachnids terres
trialized independently. Some phylogenies predict aquatic Silurian opilionids. The 
problems of recognizing early occurrences of crown groups, because their stem 
groups acquired their autapomorphies through geological time, are discussed. A 
strong consensus among published arachnid phylogenies recognizes a taxon, Tetra
pulmonata, comprising Trigonotarbida (extinct), Araneae, Amblypygi, Uropygi, 
and Schizomida. 

Chelicerata is a major arthropod clade defined by an anterior prosoma bearing six 
pairs of appendages including pre-oral chelicerae, an opisthosoma of twelve seg
ments, and a post-anal telson. Chelicerates have been traditionally divided into two 
classes: the aquatic Merostomata (Xiphosura + Eurypterida) and the terrestrial 
Arachnida, though many authors consider Merostomata to be a paraphyletic grade 
of aquatic chelicerates (Kraus 1976). Chelicerates underwent an initial radiation in 
the Cambrian, with the arachnids radiating later, in the Silurian (Lindquist 1984); 
most arachnid orders were established by Carboniferous times. Dunlop and Selden 
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(1997) discussed the relationships of chelicerates with other arthropods; in this 

chapter we provide brief sketches of each chelicerate group (fig. 7.1) and some che
licerate relatives, and then we discuss how the fossil record accords with recent phy
logenies of the Chelicerata . 

CHELICERATE RELATIVES 

Heymons (1901) introduced the name Chelicerata for arachnids, eurypterids, and 
xiphosurans. From a modern perspective, chelicerates appear to be a distinctive, 

clearly definable taxon, with the exception of the questionable inclusion of the Pyc
nogonida (see below). When fossil taxa are considered, however, the limits of Che
licerata are more vague. A number of Paleozoic forms, such as Aglaspidida Raasch, 
1939, are superficially similar to xiphosurans but lack diagnostic features such as 
chelicerae; they may bear antennae, or their appendages are unknown. The case for 
inclusion or exclusion of these groups in Chelicerata is discussed below. 

Pycnogonida Latreille, 1810 

Pycnogonids (sea spiders) are exclusively marine arthropods that resemble Chelicer

ata in having a chelate first appendage (chelifore). The prosoma consists of a series 
of tubular segments with lateral extensions each bearing a walking leg; there is a 
minute opisthosoma. An anterior proboscis precedes the chelifore; the second ap
pendage is palplike. Appendage 3 (oviger) is modified in the male to carry ova dur
ing incubation. There are usually four pairs of walking legs, but some species bear 
one or two additional walking legs and corresponding trunk segments. The first pro
somal segment bears, in addition to the first three pairs of appendages, a dorsal tu

bercle with eyes. Some deep-sea forms are blind. 
King (1973) summarized the three main hypotheses about pycnogonid affinities. 

Pychogonids may be related to: (1) crustaceans, since their pro to nymph larva resem
bles the nauplius larva, and they share certain embryological features; (2) chelicer
ates, because of their pre-oral chelifores and gut diverticula that extend into the leg 
coxae; or (3) neither of these groups. 

Hedgpeth (1955a) referred Recent pycnogonids to Pantopoda and the monotypic 
Palaeopantopus Broili, 1928, from the Lower Devonian of Germany to Palaeopan

topoda. Another monotypic arthropod, Palaeoisopus, also from the Lower Devon
ian of Germany, resembles pycnogonids, but its affinities are obscure (Hedgpeth 
1955b). The fossil record does not help to determine the exact systematic position of 
the pycnogonids. Bergstrom et al. (1980) redescribed the fossil pycnogonids and sug
gested that they were derived from primitive merostomes. 

Aglaspidida 

Aglaspidida is a distinct group of Lower Paleozoic arthropods that show similarities 
to both xiphosurans and trilobites. Aglaspidids have a phosphatic exoskeleton and 
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Xiphosura Eurypterida Opi liones 

Pseudoscorpiones Solifugae Trigonotarbida 

Araneae Amblypygi Uropygi Schizomida 

Haptopoda Phalangiotarbida Ricinulei Acari 

FIGURE 7.1 

Sketch diagrams of a number of taxa described in the text. Xiphosura: Limulus polyphemus, 
Eurypterida: Baltoeurypterus tetragonophthalmus, Opiliones: Gonyleptus sp ., Scorpiones: 
Scorpio martus, Pseudoscorpiones: Lasiochernes pilosus, Solifugae: Galeodes arabs, Palpi
gradi: Koenenia mirabilis, Trigonotarbida: Lissomatus schucherti, Araneae: Poecilotheria 
regalis, Amblypygi: Charinus milloti, Uropygi: Mastigoproctus giganteus, Schizomida: Sch
izontus peradyenensis, Haptopoda: Plesiosiro madeleyi, Phalangiotarbida: Goniotarbus tu
berculatus, Ricinulei: Ricinoides feae, Acari: Ixodes ricinus. 
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leglike appendages on both the prosoma and opisthosoma. The carapace has genal 

spines and the lateral margins of the tergites curve strongly backward. The group 
was classified as merostomes by Raasch (1939) and regarded as a separate order of 
the Xiphosura by St0rmer (1955). Bristowe (1971), Manton (1977), and Weygoldt 
and Paulus (1979) placed aglaspidids within the Chelicerata. Weygoldt and Paulus 
(1979) regarded Aglaspidida as the sister taxon to all other chelicera tes (Euchelicer

ata). Aglaspidids were removed from Chelicerata by Briggs et al. (1979) on the 
grounds that there were only four or five pairs of cephalic appendages, the first of 
which could not be demonstrated to be chelate. They did not refer them to another 
higher taxon. Their removal from Chelicerata was criticized by Bergstrom (1980) 
who argued that the number of head segments (and hence head appendages) was 

variable in early chelicerates and other arthropods. The extinct aglaspidids are prob
ably not chelicerates since they bear neither chelicerae nor other features that would 
ally them more closely with the Chelicerata than with any other arthropod group 
(Briggs et al. 1979). 

A number of Lower Paleozoic taxa representing potential candidates for basal 
chelicerates, e.g., Paleomerus, were referred to the Aglaspidida (Raasch 1939). This 
referral was disputed by Bergstrom (1971) since these genera do not have phos
phatic exoskeletons, tergites drawn laterally into pleural spines, or genal spines like 
typical aglaspidids. The appendages of Paleomerus, Strabops, and N eostrabops are 
unknown. 

Chasmataspida Caster and Brooks, 1956 

Chasmataspids are a monotypic group from the Ordovician and were originally re
ferred to the Xiphosura (Caster and Brooks 1956). Chasmataspids have a semicircu
lar prosoma, a short pre-abdomen (buckler) of three segments and an elongate post
abdomen of nine segments. The appendages are poorly known. The Devonian fossil 
Diploaspis was referred to Chasmataspida by St0rmer (1972). Diploaspis has a pair 
of paddles, but also appears to have a 3 + 9 opisthosomal segmentation, which ar
gues against it being a eurypterid. Bergstrom (1980) removed Diploaspis from Chas
mataspida, suggesting that it might represent a group from which arachnids evolved, 
leaving Chasmataspida as a monotypic order consisting only of the genus Chas

mataspis. The prosoma of Chasmataspis resembles that of aglaspidids, and initial 
observations suggest these taxa may be sister groups, though restudy of this mater
ial, together with Diploaspis and the merostomoids, is required. 

Merostomoidea St0rmer, 1944 

A range of Lower Paleozoic aquatic arthropods that superficially resemble xipho
surans in having a body comprised of two tagmata was referred to the class Meros
tomoidea by St0rmer (1944). These include Sidneyia, Helmetia, Emeraldella, Ha-
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belia, Molaria, and Chelonzellon. They show variable numbers of segments in each 

tagma and a range of appendages including antennae in some forms and leglike 
opisthosomallimbs in others (Bergstrom 1980). Merostomoids almost certainly do 
not form a monophyletic group; recent studies have indicated they are scattered 

within the group Arachnomorpha, which includes Chelicerata and Trilobita (Wills 
et al. 1995). 

Sanctacaris Briggs and Collins, 1988, from the Middle Cambrian Burgess Shale 
of British Columbia, was suggested as plesiomorphic sister taxon (plesion) to all 
other Chelicerata on the grounds of having two tagmata with six pairs of ap

pendages on the first tagma, a cardiac lobe, and the anus at the rear of the last trunk 
segment. Briggs and Collins (1988) proposed a new diagnosis of Chelicerata, more 

appropriate to fossil material. Arguing against a close association of Sanctacaris 

with Chelicerata are: lack of chelicerae, an opisthosoma of eleven segments (twelve 
is the number regarded as plesiomorphic for Chelicerata [Shultz 1990]) and a broad, 
rather than styliform, telson, which is generally considered to be the plesiomorphic 
state. In a more recent cladistic analysis, Sanctacaris was grouped with other 
Burgess Shale merostomoids (Wills et al. 1995). 

CHELICERATA HEYMONS, 1901 

Xiphosura Latreille, 1802 

Xiphosura (horseshoe crabs) are the only extant, primarily aquatic chelicerates. 
They are widely regarded as the most primitive chelicerates and commonly cited as 
outstanding examples of "living fossils" because of their apparent conservative mor
phological change since the Paleozoic. One living species (Limulus polyphemus), 

which can grow up to 0.6 m long, occurs on the Atlantic coast of North America, 
and three species of Tachypleus andCarcinoscorpius occur in southeast Asia and the 
Philippines. Xiphosurans are characterized by a horseshoe-shaped carapace, two to 
five chelate appendages, modification of appendage 6 into a "pusher" and modifi
cation of the first opisthosomal appendages into chilaria. 

Though previously allied with Eurypterida in the Merostomata Dana, 1852, 
most authors now place Xiphosura with either the Scorpiones (Bergstrom 1979, 
1980; Bergstrom et al. 1980; van der Hammen 1985, 1986) or as the sister group to 
all other chelicerates (except Sanctacaris) (Grasshoff 1978; Boudreaux 1979; Paulus 
1979; Weygoldt and Paulus 1979; Weygoldt 1980), thereby rendering Merostomata 
an unnatural group (Kraus 1976). 

About thirty fossil genera are known. A carapace dating from the Lower Cam
brian from Oland, Sweden, Eolimulus alatus (Moberg 1892), was referred to 
Xiphosura, though it might equally well be an aglaspidid or some other arthropod. 
Flower (1968) placed Lemoneites, from the Ordovician of New Mexico, in the 
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Aglaspidida but remarked on the number of similarities with Synziphosurina 
Packard, 1886. Synziphosurines (Ordovician -Upper Devonian) are primitive 

xiphosurans with a horseshoe-shaped carapace and a segmented opisthosoma of 
freely articulating segments divided into pre- and post-abdominal regions. A recent 
cladistic analysis (Anderson and Selden 1997) has shown that Synziphosurina is 
para phyletic. 

Eurypterida Burmeister, 1843 

Eurypterids flourished from Ordovician to Permian times in aquatic environments 
worldwide. Most eurypterids were marine, but some Silurian and later forms lived 
in fresh water and some may have been amphibious. Approximately 300 species 
have been described, ranging from 0.1 m to 2 m in length; the latter were the largest 
arthropods that ever lived. Most were predators, and their prey included the early 
vertebrates. Eurypterids are characterized by an elongate body bearing a telson, a 
carapace with median ocelli and a pair of compound eyes, three-segmented che
licerae and five further pairs of prosomal appendages with gnathobasic coxae, and 
five pairs of opistho'somal appendages (Blattfiisse) modified as opercula for respira
tory organs. Autapomorphies of the Eurypterida are: a median opisthosomal (geni
tal) appendage, a platelike metastoma (probably homologous with the first pair of 
opisthosomal appendages, i.e., the xiphosuran chilaria) and so-called gill tracts 
(Kiemenplatten) on opisthosomal sternites 1-5, within branchial chambers. 

Eurypterids were placed by Woodward (18 65) with the Xiphosura in the class 
Merostomata Dana, 1852, but in most recent studies Xiphosura have been consid
ered to be the sister group to all other Chelicerata (except Sanctacaris) and not to 
Eurypterida alone (e.g., Kraus 1976). Eurypterida is a monophyletic group, though 
some authors (e.g., Tollerton 1989) have regarded the hibbertopteroids (= Cyrtoc
tenida) as a sister group of equal rank to all other eurypterids. Most authors (e .g., 
Clarke and Ruedemann 1912; Caster and Kjellesvig-Waering 1964) divided the 
main eurypterid line into two taxa: Pterygotina and Eurypterina. Pterygotines have 
enormous chelicerae for food capture and simple walking legs; eurypterines have 
small chelicerae and commonly spinose anterior limbs for food gathering. An alter
native division into those forms in which the sixth appendage is leg like (Stylonu
racea ) and those in which it is formed into a paddle for swimming (Eurypteracea) 
was proposed by St0rmer (1955). A cladistic analysis was attempted by Plotnick 
(1983) at the generic level, and Tollerton (1989) has produced the most recent sys
tematic account of the group. 

Opiliones Sundevall, 1833 

Opilionids are among the most diverse extant chelicerates with approximately 
4000-5000 living species worldwide. They range in size from less than 1 mm to 
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about 22 mm. They are omnivorous animals and are the only arachnids known to 
ingest solid food (Petrunkevitch 1955). Their morphology ranges from the round
bodied, long-legged phalangioids to the shorter-legged, spiny laniatores and the 
mitelike cyphopthalmids. Opilionids are characterized by a prosoma that is broadly 

joined to the opisthosoma, the division between the two often being indistinct. The 
chelicerae are three-segmented and chelate, and in some taxa the pedipalps are rap
torial. Opilionids respire with tracheae opening through a single pair of spiracleson 
the second opisthosomal segment. Autapomorphies proposed for the Opiliones are: 
an elongate and tactile leg pair 2, a trochanterofemoral joint with a vertical bi
condylar articulation, tracheal stigmata on the genital segment, a male penis and fe

male ovipositor, loss of the lateral eyes, and prosomal defensive glands. 
Though a distinctive group, the position of Opiliones within Chelicerata is poorly 

defined. Some authors (e.g., Yoshikura 1975; Weygoldt and Paulus 1979) placed 
them in a derived position as the sister group to Acari. Van der Hammen (1989) ar
gued that opilionids were related to Xiphosura and Scorpiones, and more recently 
Shultz's (1990) analysis placed them as the plesiomorphic sister taxon to Scorpiones, 
Pseudoscorpiones, and Solifugae (see below). Of particular phylogenetic interest are 
the cyphopthalmid opilionids and the opilioacarid mites. Some authors have cited 
these similar groups as providing strong evidence for Acari and Opiliones represent
ing sister groups, though Acari are normally placed as the sister group of Ricinulei. 

Opiliones occur in the Lower Carboniferous rocks of East Kirkton, near Edin
burgh, Scotland (Wood et al. 1985), in Upper Carboniferous strata of France 
(Thevenin 1901; undescribed fossils from Montceau-les-Mines) and Illinois (Petrunk

evitch 1913), and in the Lower Cretaceous of Koonwarra, Victoria, Australia (Jell 
and Duncan 1986). They are much better known from Tertiary ambers (Koch and 
Berendt 1854). The order Kustarachnida Petrunkevitch, 1913, should be included 
with Opiliones, following reassessments by Beall (1986) and Dunlop (1996). 

Scorpiones Hemprich and Ehrenburg, 1810 

Approximately 1500 living species of scorpions inhabit tropical and temperate parts 
of the world, and a bout 11 0 fossil species are known. Scorpions are the oldest 
known arachnids, ranging from Silurian (Llandovery) strata onward, and have a 
good fossil record, especially in the Paleozoic. Living scorpions range from 9 mm to 
210 mm, and some fossil scorpions may have reached 1 m. All living scorpions are 
terrestrial predators, but some Silurian to Carboniferous forms were aquatic. Scor
pion biology has been summarized by Polis (1990). 

Scorpions are characterized by three-segmented, chelate chelicerae (the observa
tion that some fossil forms had four segments is erroneous), chelate pedipalps, and 
an opisthosoma divided into a broad mesosoma and a narrow metasoma, the latter 
with ankylosed segments. Scorpions respire through four pairs of book lungs open
ing on opisthosomal segments 2-5. Autapomorphies proposed for the Scorpiones 
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are pectines, spermatozoa with free flagella throughout their development, opistho-

somal venom glands, a pretarsallevator muscle originating in the tibia, and large en
dites on the coxae of walking legs 1 and 2. 

A monograph of fossil scorpions was prepared by Kjellesvig-Waering (1986), but 
this posthumous publication was marred by compilation defects, and the classifica

tion scheme proposed therein was controversial. For example, the linchpin of 
Kjellesvig-Waering's classification was the supposed Devonian gilled scorpion de
scribed as Tiphoscorpio hueberi. Restudy of this material (Selden and Shear 1992; 
Shear and Selden 1995) revealed that it is not a scorpion but an arthropleurid myri
apod. Stockwell (1989), in an unpublished thesis, produced a more acceptable clas
sification scheme of Scorpiones, based on an exhaustive cladistic analysis that in
cluded fossils. This was adopted by Selden (1993a,b) and Jeram (1994). 

Scorpions are the oldest arachnid group; the oldest known scorpion is Dolicho
phonus loudonensis (Laurie, 1889) from the Llandovery of the Pentland Hills, near 
Edinburgh, Scotland. The Early Silurian record of scorpions could be interpreted as 
representing the earliest terrestrial animals because all modern scorpions are terres
trial. However, all Silurian fossil scorpions occur in marine or marginal marine sedi
ments, and morphological features suggest an aquatic mode of life. Petrunkevitch 
(e.g., 1953) considered that all fossil scorpions were terrestrial, but other workers 
(e.g., Pocock 1902; Wills 1947; Stormer 1970; Rolfe and Beckett 1984; Kjellesvig
Waering 1986) argued for an aquatic habitat for Silurian scorpions at least. Evidence 
for aquatism among fossil scorpions includes: gills and digitigrade tarsi as well as the 
absence of terrestrial modifications such as coxal apophyses, stigmata, book lungs, 
trichobothria, highly developed pectines, and plantigrade tarsi. There is considerable 
overlap in the ranges of aquatic and terrestrial scorpions, but the first terrestrial 
forms had appeared by the Devonian (Selden and Jeram 1989). It is not always easy 
to decide whether a given fossil had an aquatic or terrestrial mode of life; the origi
nal environment of the enclosing sediment is commonly the best clue. Well-preserved 
book lungs have been found in a Carboniferous (Visean) scorpion from East Kirk
ton, near Edinburgh, Scotland (Jeram 1990). Few new records of fossil scorpions 
have turned up in recent years although in the otherwise sparsely recorded Mesozoic 
scorpions from the Triassic of France (Gall 1971) and the Cretaceous of Brazil 
(Campos 1986) are currently under study. 

Pseudoscorpiones de Geer, 1778 

Pseudoscorpions (= Chelonethi) are small (1 mm to 7 mm), predatory arachnids 
with large, chelate pedipalps. Approximately 2500 living species have been de
scribed from around the world. Pseudoscorpions can be found typically in leaf litter, 
moss, and under stones. Their method of dispersal, phoresy, involves hitching a ride 
on a flying insect using the pedipalps. Pseudoscorpions have chelicera I silk glands 
with which they construct elaborate brood chambers. Pseudoscorpion biology has 
been summarized by Weygoldt (1969). 
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Some workers have placed scorpions and pseudoscorpions together on account 

of their overall similarity (e.g., Yoshikura 1975). However most recent studies have 

all placed pseudoscorpions and solifuges as sister groups united by the synapomor
phies of two-segmented chelate chelicerae (Weygoldt and Paulus 1979), lack of a 
patella, presence of a rostrum in the mouthparts (van der Hammen 1989), and a 
chelicero-cara pacal articulation (Shultz 1990). 

Pseudoscorpions are characterized by their small, often rounded bodies and large 
chelate pedipalps. These animals lack median eyes and Malpighian tubules. They 

possess a brood sac and respire with tracheae opening through spiracles on the first 
two opisthosomal segments. The female has a ram's-horn organ for use in taking up 
the spermatophore. Autapomorphies proposed for Pseudoscorpionida are: absence 
of an anterior patellotibial muscle in the walking legs, chelicera I silk glands, and 

complex brood care. 
Many pseudoscorpions are known from the Tertiary (mainly in ambers, e.g., 

listed in Schawaller 1982, table 1), and some are known from Cretaceous ambers of 
the Lebanon (Whalley 1980) and Manitoba (Schawaller 1991). An important find 
of fossil pseudoscorpions was the discovery of exceptionally well preserved speci
mens in the Upper Devonian mudstones of Gilboa, New York, described as Draco

chela deprehendor (Shear et al. 1989; Schawaller et al. 1991). Only protonymphs 
and tritonymphs are known, which were referred to the superfamily Chthonioidea 
(Harvey 1992). 

Solifugae Sundevall, 1833 

Solifugae (= Solpugida) are medium-sized (7 mm to 70 mm), swift-running, preda
tory arachnids. Approximately 900 living species are known from all arid and semi
arid regions of the world except Australia. They have a tracheal system rivaling that 
of insects, allowing them to be among the most active of the arachnids. With their 
large, chelate chelicerae, they have probably the largest jaws relative to body size of 
any animal, and large forms can overpower vertebrate prey. 

The placement of Solifugae and Pseudoscorpiones as sister taxa was discussed 
above, though Grasshoff (1978) placed Solifugae as the sister group to all other 

arachnids + eurypterids + xiphosurans. This interpretation was based partly on the 
interpretation of their divided carapace as a plesiomorphic character, though this 
could also be seen as a secondary adaptation associated with small size and/or pro
soma I mobility. 

Solifuges are characterized by a divided carapace, huge chelicerae, loss of lateral 
eyes, a constriction between the prosoma and opisthosoma, and an extremely hairy 
body and legs. They respire using an extensive tracheal system opening through spir
acles on the midline of the abdomen and also in the prosoma. Solifuge pedipalps are 
stouter than the walking legs and have a tactile function. Autapomorphies proposed 
for the Solpugida include their complex respiratory organs and prosomal stigmata, 
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the presence of malleoli (racquet organs) on the underside of the posterior legs, loss 
of the endosternite, and a monocondylar femur-patella joint. 

The Carboniferous solifuge Protosolpuga carbonaria Petrunkevitch, 1913, is in a 

poor state of preservation, but its morphology places it in the Solifugae rather than 
any other arachnid order (Selden and Shear 1996). Only two other fossil solifuges 
are known, both described recently: Happlodontus proterus Poinar and Santiago
Blay, 1989, from Oligocene Dominican amber, and Cratosolpuga wunderlichi 
Selden, 1996, from the Cretaceous of Brazil. 

Palpigradi Latreille, 1810 

Palpigradi are tiny (up to 3 mm body length) arachnids found mostly in soil and in
terstitial environments (Monniot 1966). Approximately 125 living species are 
known. Palpigrades have a thin, colorless cuticle. They are blind, have no respira
tory organs or Malpighian tubules, and have a divided carapace, a narrow prosoma
opisthosoma junction, and an opisthosoma ending in a long, jointed flagellum. Au
tapomorphies proposed for Palpigradi are: simple coxosternal region with a 
terminal mouth, paired anteromedial sensory organ and trochanterofemoral joint 
formed by a dorsal hinge in the walking legs. 

Another name for Palpigradi is Microthelyphonida, which suggests a relationship 
with Thelyphonida (Uropygi and Schizomida), which they superficially resemble. 
However, palpigrades have three-segmented chelicerae, and their pedipalps are not 
chelate. Some authors have regarded palpigrades as primitive arachnids that ap
proximate the hypothetical "archaearachnid" (Savory 1971), but many of their 
characters (e.g" divided carapace and separate sternites) may be a consequence of 
miniaturization rather than of the retention of plesiomorphic characters and should 
be treated with caution in phylogenetic analysis. Even so, most studies (Weygoldt 
and Paulus 1979; Shultz 1990) have classified palpigrades as relatively primitive 
arachnids. 

The preservation potential of palpigrades is low; their small size, thin cuticle, and 
interstitial habitats make them difficult objects of study. Sternarthron zitteli Haase, 
1890, from the Jurassic lithographic limestone of Solnhofen, Germany, was syn
onymized with the heteropteran insect Propygolampis by Carpenter (1992), follow
ing Handlirsch (1906). Thus, the only good fossil palpigrade is Palaeokoenenia mor
dax Rowland and Sissom, 1980, from the "Onyx Marble" quarries (Pliocene) of 
Arizona. 

Trigonotarbida Petrunkevitch, 1949 

Trigonotarbids are medium-sized (1 mm to 50 mm), extinct, spiderlike arachnids 
characterized by opisthosomal tergites divided into median and lateral plates. They 
respired with two pairs of book lungs opening on opisthosomal segments 2 and 3. 
Autapomorphies proposed for the Trigonotarbida are: loss of sternite 1, divided ter-
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gltes, and a locking mechanism between the prosoma and opisthosoma (a similar 
mechanism is found in Ricinulei, but may be convergent). Studies of well-preserved 
specimens of their chelicerae suggest they were active predators and probably ran 

down or ambushed prey. Some later forms had spinous legs for prey capture. Early 
trigonotarbids tended to be small, with stout legs. Later forms were often larger, 
spinous, and heavily tuberculated on their dorsal surface. Trigonotarbids represent 
probably the most diverse Paleozoic arachnids, second only to scorpions, and show 

a range of body forms reflected in their division into some ten families. 
The first trigonotarbids to be described were referred to Pseudoscorpiones; later 

the group was allied to Opiliones. The order Anthracomarti was erected by Karsch 
(1882), and the order Trigonotarbi was carved from it by Petrunkevitch (1949). In 
the latter paper, Petrunkevitch recognized a fundamental division between Hap
topoda (see below) and Anthracomarti (::: subclass Stethostomata Petrunkevitch, 
1949), defined by the fi xed state of their characters, and Trigonotarbi (::: subclass So

luta Petrunkevitch, 1949), defined on a combination of characters in a labile state. It 
has been pointed out by Shear et al. (1987) and Selden (1993b) that many of the dif
ferences between Soluta and Stethostomata suggested by Petrunkevitch (1949) are 
due to poor preservation and/or interpretation of the fossils, and the others compare 
to familial, or at most subordinal, differences in other arachnid groups. On this 
basis, Dunlop (1996) reunited Anthracomartida with the better defined Trigonotar
bida under the latter name. Thus trigonotarbids show a divi sion of opisthosomal ter
gites into three or more plates; anthracomartids are trigonotarbids with opisthoso
mal tergites divided into five plates. Following the discovery of two pairs of book 
lungs in some exceptionally preserved trigonotarbid material, their placement within 
the Tetrapulmonata Shultz, 1990 (see below), became apparent. Shear et al. (1987) 
classified Trigonotarbida as the sister group to all other tetrapulmonates. 

Approximately fifty trigonotarbid species are known, from Silurian (Pffdolf) to 
Permian (Asselian) strata of Euramerica (one fossil is known from Gondwana). 
Trigonotarbids are the commonest Paleozoic arachnids and one of the best known 
groups. They are among the first known land animals (Jeram et al. 1990). First de
scribed from Upper Carboniferous rocks (e.g., Buckland 1837; Fritsch 1901; Pocock 
1902,1911), Hirst (1923) described the first Devonian specimens, from the Rhynie 
Chert of Scotland, and St0rmer (1970) described forms from the Middle Devonian 
of Alken an der Mosel, Germany. Trigonotarbids are one of the few arachnid groups 
found relatively frequently in Paleozoic terrestrial rocks; forms have been described 
recently from Argentina (Pinto and Hiinicken 1980), Spain (Selden and Romano 
1983), the Czech Republic (Oplustil 1985), and Germany (Jux 1982). 

Araneae Clerck, 1757 

Araneae (spiders) are the most familiar of all arachnids and have generated the most 
research. Spiders are a very diverse group, with approximately 35 000 living species 
described. They range from 1 mm to 90 mm in length (250 mm leg span) and have 
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been found in many different habitats, from high latitudes and altitudes to tropical 

forests and deserts; some species live much of their lives submerged in marine or 
fresh water. The use of silk for prey capture in many taxa has doubtless contributed 
to the spiders' success. Foelix (1982) provided an excellent review of the biology of 
spiders. With the exception of the Mesothelae, Recent spiders are characterized by a 

lack of opisthosomal segmentation. All spiders show a narrow pedicel between the 
prosoma and opisthosoma, and their appendages are less modified than in other 
arachnid taxa (with the exception of the pedipalp of the adult male, which is greatly 
modified for sperm transfer). The plesiomorphic respiratory organs in spiders are a 
pair of book lungs on opisthosomal segments 2 and 3 in mesotheles, mygalomorphs, 

and one araneomorph family. Most araneomorphs have modified the second pair of 
lungs into tracheal systems, and some have replaced both lungs with tracheae. Au
tapomorphies proposed for the Araneae are opisthosomal silk-producing spinnerets, 
a naked chelicera I fang, cheliceral venom glands, a copulatory device on the male 
pedipalp, and the absence of the trochanterofemoral depressor muscle in the walk
ing legs. Recent spider systematics were reviewed by Coddington and Levi (1991). 
Araneae is divided into two suborders: Mesothelae and Opisthothelae, the latter 
further subdivided into infraorders Mygalomorphae and Araneomorphae. Mesothe
les show the greatest number of plesiomorphic character states, araneomorphs the 
most derived. 

Approximately 600 fossil spider species have been described. The oldest spider is 
Attercopus fimbriunguis Shear, Selden, and Rolfe, 1987, from the Devonian of 
Gilboa, New York; supposed Devonian spiders from Rhynie (Hirst 1923) and Alken 
an der Mosel (Srormer 1976) have been disproved (Selden et al. 1991). Attercopus is 
sister to all other spiders; the patella-tibia joint is a rocking joint but in a more ple
siomorphic state than in other spiders, lacking the "compression zone Y" of Manton 
(1977). Autapomorphies of Attercopus are: fimbriate paired claws, spinules on the 
palpal femur, and lack of trichobothria; the latter feature is puzzling. Many Car
boniferous spiders were originally referred to the Mesothelae on account of their 
segmented opisthosomas, but since this is a plesiomorphic character, and autapo
morphies of mesotheles are absent in the fossils, this conclusion is unwarranted. 
However, a true fossil mesothele was described recently (Selden 1996), the first and 
oldest of this suborder. The oldest recorded mygalomorph is Triassic in age (Selden 
and Gall 1992). Reported Paleozoic araneomorphs (e.g., Pocock 1911; Srormer 
1976) are actually misidentified other arachnids or other arthropods (Selden et al. 
1991). The oldest described araneomorph is Jurassic in age (Eskov 1984). Recent 
finds of Cretaceous araneomorphs have emphasized the diversity of a spider fauna 
of modern aspect during this period. Some show too little morphological detail to be 
of value (Jell and Duncan 1986), but Selden (1990b) described some specimens from 
the Lower Cretaceous of northeast Spain, beautifully preserved in lithographic lime
stone. The specimens included a deinopoid and a tetragnathid, demonstrating that 
both cribellate and ecribellate orb weavers were in existence at this time. In broad 

\ 
i 
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terms, by the Tertiary, the spider fauna was almost identical to that of today, and 
only three families are known to have become extinct since the Paleogene (Eskov 
1990). 

Amblypygi Thorell, 1883 

Amblypygi are medium-sized (15 mm to 45 mm) arachnids with flattened bodies 
and elongate legs that move in the horizontal plane and thus enable them to live in 

narrow crevices under bark, stones, and leaf litter. Approximately eighty extant 
species of Amblypygi live in the tropical regions of the world. They detect prey with 

the antenniform leg 1 and grab it with huge, spiny pedipalps. Few autapomorphies 
exist for Amblypygi (Shultz 1990); these are: a pretarsal depressor muscle without a 
patella head, vestigial labrum, large anterior coxal apodemes on all legs, divided tib
iae, and an immovable patello-tibia joint. Amblypygi respire with book lung pairs 
on the second and third opisthosomal segments. 

Amblypygids have long been recognized as close relatives of Uropygi, with which 
they were originally placed in the order Pedipalpi. Subsequently, they have been in
terpreted as the sister group of spiders (e.g., Weygoldt and Paulus 1979; van der 
Hammen 1989) on the synapomorphies of a pedicel and a sucking stomach. Shultz 
(1990) and Selden et al. (1991) placed Amblypygi as sister group to Uropygi + 

Schizomida principally on the synapomorphies of an antenniform leg pair 1 and 
subchelate pedipalps (see these authors for further synapomorphies). 

Four fossil amblypygid species have been described from the Upper Carbonifer
ous (Westphalian) of Europe and North America, with a gross morphology similar 
to modern forms (Dunlop 1994). Fossils are also known from the Cretaceous of 
Brazil (unpublished) and Tertiary ambers (e.g., Schawaller 1979). Amblypygi may 
be present in the Devonian of Gilboa; a possible pedipalp tarsus was figured by 
Shear et al. (1984) and Ecchosis pulchribothrium Selden and Shear, 1991, may be
long in this group (Selden et al. 1991). 

Uropygi Thorell, 1882 

Eighty-five living species of Uropygi (whip scorpions, vinegaroons) occur in tropical 
and subtropical zones, with the exception of Europe and Australia. They are closely 
related to schizomids. Uropygids are 15 mm to 80 mm in body length and are char
acterized by a pentagonal carapace, stout, chelate pedipalps, and slender legs with 
segmented tarsi. Leg 1 is antenniform. They respire using book lung pairs on 
opisthosomal segments 2 and 3. Autapomorphies proposed for the Uropygi by Wey
goldt and Paulus (1979) are: a camerostome (fused palpal coxae), development in
volving a prenymph and four nymphal instars, and the male grabbing the female's 
opisthosoma during mating. However, these authors proposed these characters 
for what is essentially Uropygi + Schizomida. Shultz (1990) proposed pygidial 
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ommatoids, two pairs of small accessory lateral eyes, and internal musculature for 
the movable finger of the pedipalp as autapomorphies of Uropygi alone. Uropygids 
typically live in burrows and hunt using their sub-chelate pedipalps. The name whip 

scorpion comes partly from their habit of raising the opisthosoma in a defensive dis
play called aggressive posturing by which they mimic a scorpion. The name vinega
roon comes from their other defensive mechanism, spraying acetic acid from a pair 
of pygidial glands. Uropygi, with Amblypygi and Schizomida, have been united in 
Pedipalpi by some authors. The similarities and differences between Uropygi and 
Schizomida are discussed below. 

Six well-preserved fossil species of Uropygi are known from Carboniferous 
(Namurian-Westphalian) rocks of Europe (e.g., Brauckmann and Koch 1983) and 
North America. All are placed in the modern family Thelyphonidae. Fossil uropy
gids are very similar in morphology to Recent forms. 

Schizomida Petrunkevitch, 1945a 

Schizomids are small (2 mm to 15 mm) arachnids resembling the larger whip scorpi
ons, but they have only a short flagellum, a single pair of book lungs, and a divided 
carapace. Schizomids lack eyes and have an antenniform leg 1 and semi-raptorial 
pedipalps. Approximately eighty species live in the temperate and tropical regions of 
Asia, Africa, and the Americas. They are predators in leaf litter or soil environments. 
Autapomorphies proposed for the Schizomida are a specialized pygidial flagellum in 
the male and an enlarged leg 4 femur. 

Schizomida are included in Uropygi by some authors; for example, Shultz (1990) 
divided Uropygi into Thelyphonida and Schizomida. There is little doubt that 
schizomids represent miniaturized Uropygi. 

Three species of schizomids have been described from the Pliocene "Onyx Mar
ble" quarries of Arizona (Petrunkevitch 1945b) and one from the Oligocene of 
China (Lin et al. 1988). Undescribed specimens are known from the Oligocene Do
minican amber. 

Haptopoda Po cock, 1911 

This monotypic order was established on the basis of the subdivided tarsus of the 
first leg. Petrunkevitch (1949) cleaned and reexamined the specimens and redefined 
the order based on a new interpretation of the abdominal segmentation. Only nine 
specimens of the 12 mm long single species, Plesiosiro madeleyi Pocock, 1911, are 
known, all from a single British Upper Carboniferous (Westphalian B) locality. Hap
topoda have an opisthosoma with a segment pattern similar to that of the Uropygi 
and a carapace with what may be a pair of median eyes and two lateral eye tuber
cles. The anterior legs are slightly spinous, and all legs have subdivided tarsi. The 
pedipalps are pediform, and the animal has a broad prosoma-opisthosoma junction. 
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Cheliceral morphology and respiratory organs are not clearly preserved, making re
ferral to any higher taxon difficult. No distinct autapomorphies have been proposed 

for the Haptopoda. Some features are reminiscent of Uropygi, and an alternative 
possibility is that this is an unusual form of opilionid (Shear and Kukalova-Peck 
1990). Since it shows the autapomorphies of neither group, its status as a distinct 
order appears deserved. 

Phalangiotarbida Haase, 1890 

Phalangiotarbida (= Architarbida) is an extinct group known only from a few Upper 
Carboniferous (Westphalian) Euramerican localities (Petrunkevitch 1953, 1955), 
but where they do occur they can be locally abundant. Phalangiotarbids have 10 
mm to 20 mm long, flattened, oval bodies with stout walking legs, small pediform 
pal ps, and tiny chelicerae, possibly hidden in a pre-oral chamber above the coxae of 
leg 1. The sternum is divided, and the opisthosomal segmentation pattern with ab
breviated anterior tergites and longitudinally divided sternites is unique among 
arachnids. Specific autapomorphies have not been proposed for the Phalangiotar
bida, but they could include: abbreviated anterior tergites, a median eye tubercle 
bearing six eye lenses, and extreme reduction of the pedipalps and chelicerae. 
Twenty-six species are recorded. Their mode of life is unclear, but they have been in
terpreted as ambush predators on account of the orientation of their stout legs. It 
has been suggested that their morphology mimicked lycopod leaves (Beall 1984) . 
The Phalangiotarbida were renamed Architarbi by Petrunkevitch (1945a), but this 
change was not justified (Selden 1993b). 

Phalangiotarbids have at times been likened to Opiliones (Pocock 1911 ), Hap
topoda (Petrunkevitch 1913), Ricinulei, and anactinotrichid mites (van der Ham

men 1979). Shultz (1990) tentatively suggested that they belonged in his taxon Mi
crura, comprising arachnids with a pygidium. An unpublished manuscript by 
Kjellesvig-Waering figured a supposed clasp-knife chelicera on one specimen. If this 
observation is correct, then these animals could belong in Tetrapulmonata. The lack 
of convincing synapomorphies with other arachnids makes placing phalangiotar
bids difficult, and re study of this material to try to identify new characters would be 
helpful. 

Ricinulei Thorell, 1876 

Ricinuleids are blind, slow-moving, predatory arachnids with a body length of 10 
mm to 20 mm. Twenty-five living species in three genera are known from leaf litter 
and caves in tropical regions of West Africa and the Americas. The mouthparts are 
two-segmented, sub-chelate chelicerae, which are hidden beneath a movable hood 
(cucullus ) that is hinged onto the anterior margin of the carapace. Ricinuleids have 
a thick cuticle, anteriorly located gonopore, pedipalps with a small terminal chela, 
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and a double trochanter on legs 3 and 4. Respiration is through tracheae, the spira
cles opening at the rear of the prosoma. Autapomorphies proposed for the Ricinulei 
are the cucullus, a male copulatory organ on leg 3, an endosternite with one seg

mental component, divided tergites, and a coupling device between the prosoma and 
opisthosoma. The latter two characters have analogues in the Trigonotarbida. 

Selden (1992) split the Ricinulei into the extant Neoricinulei (vestigial eyes; coxa 
2 larger than coxae 3 or 4) and fossil Palaeoricinulei (eyed; coxa 2 smaller than 
coxae 3 or 4). Palaeoricinulei are further subdivided into Poliocheridae, with opis
thosomal tergites similar to Neoricinulei, and Curculioididae, without opisthosomal 
tergites, but instead a single median dorsal dividing line or sulcus. Most recent au

thors have placed ricinuleids as the sister group to the Acari on account of similar 
mouthparts, comprising a "gnathosoma," and a hexapodous larva. 

The first fossil ricinuleid was illustrated by Buckland in 1837, one year before the 
first extant species was described (Guerin-Meneville 1838). Fourteen fossil species 
of fossil Ricinulei are now known from the Upper Carboniferous (Namurian
Westphalian) of Europe and North America. A revision of the fossils (Selden 1992) 
revealed a greater diversity in the Carboniferous than today, but based on an essen
tially similar bodyplan. None is yet known from any other geological period. It ap
pears that the group has remained in warm, humid habitats (equatorial forest litter 
and caves) throughout its geological history. 

Acari Sundevall, 1833 

The Acari (mites, ticks) may be the most diverse of living chelicerate orders, al
though more spiders have been named. Thirty thousand species have been described 
worldwide, but this may represent only a small proportion of their total diversity. 
Acari are small (80 ~m to 30 mm), primarily terrestrial arachnids that occupy a wide 
range of niches and include predators, parasites (of plants and animals), and detriti
vores. Acari are characterized by poorly defined body segmentation and a broad 
prosoma-opisthosoma junction. They respire with tracheae that can open on any 
body segment. Acari have an ovipositor and a hexapodous larva (see Lindquist 
(1984) for additional characters). The only autapomorphy proposed for Acari is the 
presence of a gnathosoma, a modified region of the prosoma bearing the chelicerae 
and pedipalps (Weygoldt and Paulus 1979). This character was considered synapo
morphic for Acari + Ricinulei by Shultz (1990). The mouthparts of Acari are vari
able within the group, which reflects their diverse feeding habits. 

There has been debate about whether or not the Acari are monophyletic 
(Lindquist 1984) or polyphyletic (van der Hammen 1989). Most authors agree that 
Anactinotrichida (Opilioacarida + Parasitiformes) and Actinotrichida form two fun
damental branches of the Acari, but in a series of papers on the subject van der 
Hammen developed the idea of a separate origin of these groups (summarized in van 
der Hammen 1972) . He argued from comparative morphology that Anactino-
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trichida were more closely allied to Ricinulei than to other mites (van der Hammen 
1979) and that Actinotrichida were closer to Palpigradi (van der Hammen 1982). 

The cladistic analyses of Lindquist (1984) and Shultz (1990) concluded that Acari is 
monophyletic and that Ricinulei is the sister group. 

The oldest mites are Actinedida (Prostigmata) from the Lower Devonian (Pra

gian) Rhynie Chert of Scotland (Hirst 1923). Other Devonian Actinotrichida are 
known from Gilboa, New York (Norton et al. 1988; Kethley et al. 1989). A few 
Jurassic and Cretaceous Actinotrichida are known (e.g., Bulanova-Zachvatina 
1974; Krivolutsky and Ryabinin 1976; Sivhed and Wallwork 1978), but the major
ity of fossil mites are oribatids from Baltic amber (e .g., Koch and Berendt 1854; Sell
nick 1918, 1931). Anactinotrichida are very poorly represented in the fossil record; 
there are no fossil Opilioacarida or Holothyrida and only a few records of Ixodida 
(Scudder 1890, somewhat suspect) and Gamasida (Hirschmann 1971; Blaszak et al. 
1995). 

CHELICERATE FOSSILS AND PHYLOGENIES 

There have been many attempts to elucidate the evolutionary relationships within 
the Chelicerata. Some authors included fossil and Recent chelicerates in the same 
scheme, for example, SWrmer (1944), Petrunkevitch (1949), Bristowe (1971), Sa
vory (1971), Manton (1977), Grasshoff (1978), Beall and Labandeira (1990), and 
Starobogatov (1990). Others, for example, Firstman (1973), Yoshikura (1975), and 
van der Hammen (1989), excluded fossils from their analyses. The first attempt at a 
cladistic analysis of Chelicerata was made by Weygoldt and Paulus (1979). Recent 
studies of exceptionally well preserved Paleozoic chelicerates (Selden 1981; Shear et 
al. 1987; Jeram et al. 1990; Selden et al. 1991) have provided much greater detail of 
the morphology of these forms, such as Eurypterida, Scorpiones, and Trigonotar
bida, and consequently they can be included in cladistic analyses with greater confi
dence (Shultz 1989, 1990; Selden 1990a, 1993b). 

Figure 7.2 shows cladograms derived from the analyses of Shultz (1989, 1990), 
Weygoldt and Paulus (1979), and van der Hammen (1989). Details of the character 
states can be found in these papers. One point of disagreement between the clado
grams lies in the placement of Opiliones . Weygoldt and Paulus's (1979) analysis (fig. 
7.2c) placed Opiliones in a derived position as sister group to Ricinulei + Acari, 
while in the analyses of van der Hammen (1989) and Shultz (1990) Opiliones occu
pies a basal position and is sister group to Scorpiones + other groups. Whereas ear
lier authors (e .g., Savory 1971) considered Palpigradi to be primitive arachnids, it is 
interesting that all of the studies depicted in figure 7.2 show Palpigradi not to be 
primitive, though there is no agreement concerning their relationship to any other 
arachnid group. There is agreement concerning the close relationship of the follow
ing: Ricinulei + all or some Acari; Tetrapulmonata (Araneae, Amblypygi, Uropygi, 
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FIGURE 7.2 

Cladograms of relationships among the arachnid groups as viewed by (a) Shultz (1990); (b) 
van der Hammen (1989); and (e) Weygoldt and Paulus (1979). Interrupted lines indicate un
certalOty. 
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Schizomida); Solifugae + PseudoscorplOnes. How do these analyses correspond to 
the fossil record of Chelicerata? 

Figure 7.3 shows an evolutionary tree produced by combining the fossil record of 
Chelicerata with a cladogram. The fossil record is the most up-to-date possible and 

uses both published and unpublished data. The cladogram combines the analyses of 
Wills et al. (1995) for major chelicerate groups and Shultz (1990) for arachnids. 
Fine vertical lines show range extensions of named taxa and ghost lineages (see 
Smith 1994 for explanation) that are predicted by the cladogram. The longest range 
extensions are predicted for Palpigradi, Anactinotrichida, and Schizomida (this is 
predicted by every analysis shown in fig. 7.2). This is not surprising since all of these 
animals are tiny, lightly sclerotized, and generally occur in habitats that are poorly 

represented in the fossil record. Thus, they not only have low fossilization potential 
but are also easily overlooked. Other predictions of this evolutionary tree are con
sidered in detail below. 

Scorpions, Pseudoscorpions, and Solifuges 

There are four opinions concerning the position of scorpions within the Chelicerata: 
Arachnida is monophyletic and scorpions are true arachnids (e.g., Shultz 1990); 
Scorpiones is the sister group to all other arachnids (e.g., Weygoldt and Paulus 
1979); Scorpiones is the sister group to Eurypterida (e.g., Grasshoff 1978; 
Kjellesvig-Waering 1986); Scorpiones is the sister group to Xiphosura (van der 
Hammen 1989). Van der Hammen's scheme appears the most unusual; his analysis 
was not cladistic in its approach, and these relationships were considered tentative 
by its author. In its favor, however, is the finding of Anderson (1973) that scorpion 
embryology differs from that of other arachnids and is closer to that of Xiphosura 
and that while other arachnids could be derived from a xiphosuran-like embryology, 
they could not be derived from the scorpion pattern. In Shultz's (1989, 1990) 
scheme (fig. 7.2a), scorpions are sister to pseudoscorpions + solifuges, and Opiliones 
is the sister group to (Scorpiones (Pseudoscorpionida + Solifugae)). Shultz (1990) 
proposed the names Novogenuata for (Scorpiones (Pseudoscorpionida + Solifugae)), 
and Dromopoda for (Opiliones (Scorpiones (Pseudoscorpionida + Solifugae))). Dro
mopoda has the following synapomorphies: extensor muscles and specialized joints 
at femoropatellar and patellotibial joints, distinct transverse furrows on carapace 
(representing primitive tergite boundaries), reduced intercoxal sterna I region, proso
mal endosternite with two components, undivided leg 3 and 4 femora, pretarsal de
pressor muscle with a patellar head, and stomotheca (pre-oral chamber formed by 
pedipalp and anterior walking leg endites). A number of these characters are further 
modified in Solifugae. Weygoldt and Paulus (1979) proposed eye rhabdome mor
phology, sperm morphology, the presence of lyriform organs, and tactile leg 1 as 
synapomorphies of the non-scorpion arachnids. Kjellesvig-Waering (1986) argued 
for a common scorpion-eurypterid ancestor on the basis of similar morphology, e.g., 
abdominal plates, multifaceted lateral eyes (in early scorpions) and three-segmented 
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FIGURE 7.3 

Evolutionary tree combining results of the most recent cladistic ana lyses of Chelicerata 
(Shuitz 1990; Wills et a l. 1995) with current knowledge of the fossil record of Chelicerata and 
relatives. Thick vertical lines denote actual occurrence in the stratigraphic stage(s) concerned; 
interrupted lines indicate presumed occurrence in interven ing stages. ? denotes doubtful 
record. Open horizontal lines show relationships derived from cladistic analyses; thin vertical 
lines denote range extensions and ghost lineages predicted from the analyses. Note that taxon 
ranks are not equivalent; stratigraphic axis not to scale. 
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chelate chelicerae, which are plesiomorphic character states. Grasshoff (1978) 
placed scorpions and eurypterids together on account of their overall body shape, 
which he interpreted as an adaptation for swimming. 

The light the fossil record sheds on this problem is that scorpions are the oldest 
arachnid group; the earliest specimens known are from Lower Silurian strata. The 

early scorpions were aquatic (see above), but since they clearly show scorpion apo
morphies, they must have emerged onto land separately from other arachnid groups 
(see Selden and Jeram [1989] for a discussion). Thus, terrestrial arachnid characters, 
such as book lungs and trichobothria, are convergent adaptations to life on land. 

Opiliones 

In Shultz's (1989, 1990) phylogenetic scheme, Opiliones are the sister group to his 
Novogenuata (see above), so their fossils should occur in strata at least as old as 
Lower Silurian. Since scorpions were aquatic at that time, presumably opilionids 
would have been, too. In van der Hammen's (1989) phylogeny, Opiliones came out 
as the sister group to Xiphosura + Scorpiones; since the oldest xiphosuran is Lower 
Ordovician or older, Opiliones would have been around in aquatic environments in 
the Lower Ordovician in this scheme. In Weygoldt and Paulus's (1979) scheme, 
Opiliones occupy a rather derived position. 

The prediction of Silurian aquatic Opiliones was discussed by Selden (1990a). 
Shultz (1994), in a critique of the use of stratigraphic evidence to assess phylogenetic 
hypotheses, pointed out that the earliest members of the Opiliones clade, after it had 
diverged from Novogenuata, may not have had all of the apomorphies of the clade 
as now recognized. This is a common problem with fossils, since apomorphies are 
collected during evolution of the stem group, and the full complement might occur 
only in the crown group. Whether the name Opiliones is used for the total group 
(stem group + crown group) or the crown group alone is debatable. However, at the 
divergence of two clades, there must be at least one defining apomorphy for the two 
clades to be recognized; Shultz's (1994) contention that "the earliest members of 
two sister lineages may be indistinguishable from one another and from their imme
diate ancestors in morphology, behavior, genetics, ete." is unsustainable. 

Tetrapulmonata 

This clade, comprising the orders Trigonotarbida, Araneae, Amblypygi, Uropygi, 
and Schizo mid a, is probably the best supported and least contentious area of arach
nid phylogeny. As its name suggests, it is diagnosed by two pairs of book lungs 
that are situated on opisthosomal segments 2 and 3 (subsequently modified in some 
groups, e.g., many spiders and all schizomids have only one pair of lungs and some 
spiders have tracheae only). Tetrapulmonata is strongly supported by a range 
of other synapomorphies, including two-segmented, clasp-knife-like chelicerae, 
plagula ventralis, a sucking stomach, constriction of segment 7 (pedicel), 9 + 2 ax-
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oneme arrangement III the spermatozoa, and prosomal endosternite wIth four seg-
mental components. 

Almost all phylogenetic studies (Firstman 1973; Grasshoff 1978; Weygoldt and 

Paulus 1979; van der Hammen 1989; Shultz 1990) have placed spiders, Amblypygi, 
Uropygi, and Schizomida together, and a number of names have been proposed for 
this taxon (see Shear et al. 1987), of which Tetrapulmonata Shuitz, 1990, is the most 
appropriate and best defined. These studies differed only in whether Amblypygi was 
placed closer to Araneae (Firstman 1973; Grasshoff 1978; Weygoldt and Paulus 
1979; van der Hammen 1989) or to Uropygi + Schizomida (Shultz 1990) . Two pairs 

of book lungs were identified in the Rhynie Chert trigonotarbid arachnids (Claridge 
and Lyon 1961). Shear et al. (1987) and Selden et al. (1991) included Trigonotar

bida in Tetrapulmonata. These authors' analyses supported placing Amblypygi as 
the sister group of Uropygi + Schizomida and placed Trigonotarbida as the sister 
taxon to all other tetrapulmonates. 

Trigonotarbids are among the oldest terrestrial animals (Jeram et al. 1990), and 
the evolutionary tree (fig. 7.3) predicts that other tetrapulmonates should be found 
alongside trigonotarbids in early terrestrial ecosystems. The oldest spider is Atterco
pus from the Devonian of New York (Shear et al. 1987; Selden et al. 1991 ), and it is 
sister to other spiders that arose in the Devonian or earlier. The first mesothele oc
curs in the Late Carboniferous (Selden 1996), which predicts that opisthotheles 
(Mygalomorphae + Araneomorphae) should have originated by then. The long gap 
in the fossil record between the Late Carboniferous and the Triassic (first mygalo
morph) and Jurassic (first described araneomorph) occurrences of fossil spiders is 
due largely to the poor preservation generally of fossils in Permian strata in parts of 
the world where specimens are regularly collected. 
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