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We present the first cladistic analysis focused at the tribal and subfamily le\el of the orb- 
wea\'ing spider family Araneidae. The data matrix of 82 characters scored for 57 araneid 
genera of 6 subfamilies and 19 tribes (and 13 genera from 8 outgroup families) resulted in 
16 slighdy different, most parsimonious trees. Successi\e weighting corroborated 62 of the 
66 informati\e nodes on these cladograms; one is recommended as the 'working' araneid 
phylogeny. The sister group of Araneidae is all other Araneoidea. Araneidae comprises two 
major clades: the subfamily Araneinae, and the 'argiopoid' clade, which includes all other 
subfamilies and most tribes (((Gasteracanthinae, Caerostreae), (((Micratheninae, Xylethreae), 
Encyosaccus), (Eur^'corminae, Arciinae)), Cyrtarachninae), ((Argiopinae, Cyrtophorinae), 
Arachnureae)). Cyrtarachneae and Mastophoreae are united in a new subfamily, Cyr- 
tarachninae. The spiny orb-weavers alone (Gasteracanthinae and Micratheninae) are not 
monophyletic. The mimetid subfamily Arciinae and the 'tetragnathid' genus ^'giella are 
araneids, but .Nephila (and other tetragnathids) are not. On the preferred tree, web decorations 
(stabilimenta) e\olved 9 times within 15 genera, and were lost once. The use of sük to subdue 
prey evoh'cd once in cribellate and four times in ecribillate orb wea\ers. Sexual size 
dimorphism e\'olved once in nephilines, twice in araneids, and re\erted to monomorphism 
fi\e times. E\olution in other genitalic and somatic characters is also assessed; behavioral 
and spinneret features are most consistent (male genitalia, leg and prosomal features least 
consistent) on the phylogeny. 
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INTRODUCTION 

The common orb-weavers of the spider family Araneidae are among the best 
known groups of spiders. For many people, layman and scientist alike, their geometric 
orb-webs typify 'spiders'. Their status as an icon of all spiders is reflected in the 
name•^Araneidae is based on the type genus Araneus Glerck, 1757 (one year before 
Linnaeus), which is thus the basionym of both the family (Araneidae) and the order 
(Araneae). It is one of the largest spider families, with approximately 2600 described 
species in roughly 160 genera (Platnick, 1989a). Recent revisions of Neotropical 
araneids suggest that the global araneid species richness is much higher than the 
2600 species presenfly known, with perhaps 6•7000 species estimated to exist 
(Goddington & Levi, 1991). 

The family figures prominently in popular works, general textbooks and natural 
history books on spiders (McCook, 1889•94; Gomstock, 1912a; Nielsen, 1932; 
Bristowe, 1939, 1941, 1958; Gertsch, 1949; Foelix, 1982, 1992; Jones, 1983; Roberts, 
1995). The importance of Araneidae is also reflected in the amount of research 
published on this family. Since the turn of the century, some 900 papers have been 
published (Goddington et al., 1991). 

The Araneidae have already been a target of considerable phylogenetic and 
evolutionary research and speculation (Bertkau, 1878; Gomstock, 1910; Kaston, 
1964;Emerit, 1972; Robinson & Robinson, 1975, 1980; Lehtinen, 1978; Levi, 1978; 
Eberhard, 1982, 1990; Heimer, 1982; Heimer & Nentwig, 1982; Levi & Goddington, 
1983; Goddington, 1986a, 1989, 1990a, b; Wunderlich, 1986). Some character 
systems are classic evolutionary problems, e.g. web form (Gomstock, 1912b; Wiehle, 
1931; Kaston, 1964; Robinson & Robinson, 1975; Graig, 1987; VoUrath, 1988, 
1992; Eberhard, 1990; Shear, 1994), stabilimenta (Hingston, 1927, 1928, 1929; 
Robinson & Robinson, 1970; Eberhard, 1973, 1990; Lubin, 1975; Eisner & Novicki, 
1983; Edmunds, 1986; Nentwig, 1986; Nentwig & Rogg, 1988; Graig & Bernard, 
1990; Graig,  1994), mating behaviour (Robinson & Robinson,  1980), predatory 
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behaviour (Robinson, 1969; Robinson & Olazarri, 1971; Robinson & Robinson, 
1974; Uetz 1986) and genitalia (Gomstock, 1910; Gerhardt, 1911, 1921; GrasshofF, 
1968, 1973, 1974a,b; Eberhard, 1985b). Araneid spiders have also been favourite 
animals for applied research. Psychopharmacologists have used araneid spiders as 
research animals when testing the effects of \'arious drugs (e.g. LSD, Valium, 
strychnine, caffeine, etc.) on animal beha\'iour (VVitt, Reed & Peakall, 1968). Fiber 
scientists have in\'estigated the unusual properties of spider sük (Termonia, 1994; 
Work, 1976) and araneid spiders have been sent into orbit around earth to test their 
ability to build orb-webs under zero gravity (Witt et al, 1976). 

Since 1968, H. W. Levi has published more than 30 revisionaiy papers on the 
famuy and his work has helped to clarify the detailed morphology of many taxa 
and character systems. Levi (1992: 2) wrote that e\'olutionary analyses of generic 
relationships cannot be made until the relevant genera themselves are re\'ised and 
that any premature analysis would have to be revised. Taken literally, this advice 
would postpone phylogenetic studies of Araneidae several centuries, as araneid 
taxonomy since Glerck in 1757 has averaged about 11 species a year and only about 
a third of the genera ha\'e been revised. All scientific work benefits from review, 
even purely descriptive systematics. It is worthwhile occasionally to assess the 
implication of descriptive work through rigorous analysis. Our results corroborate 
many hypotheses put forth in revisionary work. Some phylogenetic or homology 
hypotheses proposed in the literature appear questionable, mainly those that build 
on single characters or character systems. Viewing such hypotheses in the context 
of all characters is often the only way to detect such problems. 

Gi\'en the immense size of Araneidae, it was neither feasible nor our intention to 
analyse the phylogeny of all araneid genera, but rather to infer the basic phylogenetic 
structure of the family by detecting its major lineages and their interrelationships. 
We aim for a first outline of araneid phylogeny: one that identifies the major clades; 
one that points out areas especially in need of future research; and one that stimulates 
other workers, especially researchers who specialize on particular character systems, 
to use the phylogeny and to e\'aluate critically the lineages and homologies it defines. 
Taxonomically, such a goal corresponds to tribal or subfamUial classification. We 
therefore tried to include representative genera of the groupings proposed by previous 
workers and in particular those proposed in the classical treatment by Simon 
(1892-5). 

Simon's treatment (Table 1) is, in fact, the last comprehensi\'e classification of 
Araneidae. Simon did not explain or justify his groupings, and it is not clear that 
he intended his classification to represent phylogeny. In addition, like many nineteenth 
century productive scientists, Simon occasionally changed his mind from one page 
to the next as he wrote. On page 594 he recognized nine araneid subfamilies (Table 
1), but by page 763 he had apparently decided to sink five of the subfamilies (as 
serially numbered tribes) within an expanded Argiopinae. However, in order to 
have the most informative taxonomic hypothesis to test, we prefer to view Simon's 
original nine subfamily arrangement as his opinion on relationships, if not on rank. 
In Table 1 these former five tribes are assigned to the subfamilies Simon recognized 
earlier in his volume, but they are numbered in Table 1 with the tribal number he 
eventually assigned to them later in the \'olume. In sum, we regard Simon's 
Argiopinae as including only 23 of the 28 tribes assigned there on page 763, and 
allocate the five orphaned tribes to their original subfamilies as mentioned on page 
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TABLE 1. Simon's (1892•5) subfamily and tribal classification of Argiopidae. ^Vithin each tribe ^ve list 

at least one genus. All genera included in this study are listed here except Gaslwxya, Punoa, and 

Colphepeira (^vhich Simon probably would ha^'e considered Gasteracantheae, Lin)'phyeae or Meteae, 

and Araneae, respecti^'ely). Generic names subsequent to Simon have been listed in parentheses 

adjacent to the names under which he knew them. '*' indicates taxa included in this study 

Simon (1892•5) Current placement 

1. LIN^THIINAE LIN^THIIDAE 

1. Erigoneae 
2. Formicineae 
3. Linyphieae 

Linyphia* 
2. TETRAGNATHINAE TETRAGNATHIDAE 

1. Cyatholipeae CYATHOLIPIDAE 

Cyatholipus 
2. Pachygnatheae TETRAGNATHIDAE 

Pachygnatha^ 
Glenognatha 

3. Tetragnatheae TETRAGNATHIDAE 

Tetragnatha* 
Cyrtognatha 

4. Meteae TETRAGNATHIDAE 

Meta'' 
Chtysometa 
Orsinome 
Argpmepeira ( = Lj:ucauge*) 

5. Nesticeae NESTICIDAE 

Nestkus 
6. Azileae TETRAGNATHIDAE 

Azilia 
7. Diphyeae TETRAGNATHIDAE 

DoUchognatha 
3. NEPHILINAE TETRAGNATHIDAE 

1. Phonognatheae 
Singotypa 
Phonognatha 

2. Nephñeae 
Nephila* 
Nephilengys* 

3. Clitaetreae 
Clitaetra 

4. Herennieae 
Hetenma 

4. ARGIOPINAE ARANEIDAE 

1. Argiopeae ARANEIDAE 

Argiope^ 

Gea {=J\eogea*) 
2. Cyrtophoreae ARANEIDAE 

Gprtophora* 
Hentzia [ = Alecynogea*) 

3. Arachnureae ARANEIDAE 

Arachnura* 
4. Cycloseae ARANEIDAE 

Cyclosa* 
Acusilas 
Nemoscohis 
Salassina (= Wlticdf^ 

5. Mangoreae ARANEIDAE 

Spilasma 
Alangora* 
Larinia* 
Acacesia* 
Eustala* 
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T^BLE 1.•continued 

Simon {1892-5) Current placement 

Bertraneae 
Bertrana* 
Spinthañdius 

Araneae 
Araneus* 
Araneus [= Aculepei?-a*) 
Araneus [= Acant/iepeira*) 
Araneus [=Alpaida*) 
Araneus [=Araniella*) 
Araneus (= Ce?údia*) 
Araneus [ = Hypsosinga*) 
Araneus [ = Aleta^gia*) 
Araneus [ = A'ietepei?-a*) 
Araneus [=JVucte?iea*) 
Araneus [=JVeoscona*) 
Araneus [ = Singa*) 
Araneus (= Verrucosa*) 
Araneus (= MUZA*) 

^giella* 
Eriophora* 
Actinosoma 
Scoloderus* 

Caerostreae 
Caemstiis* 

Gasteracantheae 
Gasteracantha* 
Gasteracantha {= Augusta*) 
Gasteracantha {= Aetívcant/ia*) 
Gasteracantha {= Austraca?itha*) 
Gasteracantha {= Aiacraca?itha*] 
Gasteracantha { = Isoxya*) 
Gasteracantha (= Togacantha*) 
Encyosaccus* 

Micratheneae 
Micrathena* 
Aiicrathena { = Enac?üso/na*) 
Chaetacis* 
Pwnous* 

Xylethreae 
Xylethrus* 

Glyptogoneae 
Glyptogona 

Anepsieae 
Aspidolasius* 
Anepsion* 

Physioleae 
Physiola 

Cyrtarachneae 
Pasilobus* 
Paraplectana 
Cyrtarchne* 

Glyptocranieae 
Ordgarius 
Dichrostichus 
Cladomela 
Glyptocranium ( = Alastophora*) 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

ARANEID AE 

continued 
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T^BLE 1.•conthiued 

Simon (1892-5) Current placement 

18. Exechocentreae 
Exechocentrus 
Coelossia 

20. Celaeneae 
Celaenia 
Taczanowskia 

22. Dolophoneae 
Dolophones* 

23. Testudinareae 
Testudinaña 

24. Urseae 
Ursa 

25. Gnoleae 
Gnolus 

Chorizopeae 
Choñzopes* 

27 

Arto/lis 
5. THERIDIOSOMATINAE 

26. Theridiosomateae 
Epeimtypus 
Theiidiosoma* 

6. ARCIINAE 

21. Arcyeae 
Arkys* 
Archemoms 

7. EURYCORMINAE 

14. Hypognatheae 
Hypogiiatha* 

8. AMAZULINAE 

28. Anapeae 
Anapis 

9. POLTYINAE 

19. Polt)'eae 
Polfys 
Kaira* 

ARANEIDAE 

ARANEIDAE 

ARANEIDAE 

ARANEIDAE 

MIMETIDAE 

ARANEIDAE 

THERIDIO S OMATIDAE 

MIMETIDAE 

ARANEIDAE 

ANAPIDAE 

ARANEIDAE 

594. Our decisions tlius reflect the more detailed of the two possible interpretations 
of Simon's ambiguous classification of Argiopinae. 

Simon's Argiopidae is more similar to the modern-day superfamily Araneoidea 
than the family Araneidae. Simon suggested no groupings of the 23 tribes within 
his Argiopinae (roughly modern Araneidae). Some of Simon's tribes seem obviously 
monophyletic (Gyrtophoreae and Argiopeae), others not (e.g. Micratheneae, Anep- 
sieae, Araneae). Preliminary and incomplete phylogenetic schemes at the subfamily 
level exist, e.g. Levi (1983), Le\d & Goddington (1983), but these were based on few 
data and taxa, ^vere not quantitati\'e, and are now outdated. 

METHODS 

Taxon selection 
Se\'enty genera, representing nine families and three superfamilies, were included 

in this study. 
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The nionophyly of the superfaniily Araneoidea has been corroborated by se\'eral 
studies (Coddington, 1990a, b; Griswold et al, in press). Different opinions exist on 
liow to delimit Araneidae, and tlierefore on what tlie family contains. Some 
workers liave included tetragnathids as a subfamily of Araneidae (Yaginuma, 1986; 
Wunderlich, 1986). Heimer & Nentwig (1982) included Nephila (often considered a 
tetragnathid) in Araneidae and suggested a sister group comprising Mimetidae, 
Arcliaeidae, Symphytognathidae, Anapidae, Cyatholipidae and Theridiosomatidae. 
Levi (1980b) suggested a clade comprising Azilia, Pachygnatha, and Tetragiiatha 
(Tetragnathidae) as sister to Araneidae. In the most comprehensi\'e examination of 
tetragnathid pliylogeny to date. Hormiga, Eberhard & Coddington (1995) also 
recovered a monophyletic Tetragnathidae that included all of the abo\'e genera. 
Based on behavioral characters, Eberhard (1982) suggested a clade comprising 
Tetragnathidae, Theridiosomatidae and Anapidae, as sister group to Araneidae. 
Coddington (1986a, 1990a, b) suggested Linyphiidae or, equally well, a clade 
comprising all other araneoids as sister to Araneidae. We used the most recent 
cladistic analysis of araneoids (Griswold et al, in press) to guide the selection of 
outgroups to Araneidae. They found that the sister group of Araneidae is all other 
araneoid families. In order to polarize characters within Araneidae correcüy, the 
correct character \'ector must be present at the basal araneid node. No one distal 
araneoid is likely to represent the groundplan, and so we include representatives of 
all major araneoid lineages (symphytognathoids, theridioids, tetragnathids, and 
linyphioids; Griswold et ai, in press). Our analysis also tests whether the result of 
Griswold et al. (in press) for derived araneoids is robust when exposed to a much 
larger selection of araneid genera. 

The limits of Araneidae with regard to several other araneoid families are con- 
tro\'ersial. Heimer & Nentwig (1991) included ^vgklla in 'Metidae', but Roberts (1995) 
included ^giella in Araneidae. Levi (1974a) included ^ygiella in Araneidae (as did 
Levy, 1987), but Levi (1980b) transferred the genus to Tetragnathidae, where it 
remains (Platnick, 1993). As noted above, Nephila is often considered an araneid. Some 
araneid taxa may also belong in Mimetidae (Palpimanoidea) and vice versa. Mimetids 
had always been regarded as araneoids until Forster & Platnick (1984) found evidence 
to transfer the family to Palpimanoidea. They did not define the limits of Mimetidae, 
and Heimer (1984) later transferred Arkvs and Archeniorus (Arciinae, Table 1) to 
Mimetidae. Platnick & Shadab (1993) transferred Gnolus (Gnoleae, Table 1) to 
Mimetidae, synonymized Gnoleae with the mimetid subfamily Oarciinae, but rejected 
the placement of Arkys in Mimetidae. For these reasons, we include Arkvs (and 
Archeniorus) in the analysis, but omit Gnolus, as its relationships seem settled. 

Optimizations at the ingroup (araneid) node are least problematic if subtended 
by a doublet of taxa, i.e. two nodes basal to it. Because the basal node of 
any cladogram, strictly speaking, is a trichotomy, we therefore included Dictyna 
(Dictynidae) and Deinopoidea [Uloborus (Uloboridae) plus Deinopis (Deinopidae)) to 
clarify polarities and optimizations within Araneidae. 

Araneid taxa were selected to represent most of Simon's classification rele\'ant to 
the phylogeny of Araneidae (Simon, 1892•5; Table 1), as his classification is still 
the most comprehensive and detailed treatment of the famuy. ^Ve included 57 
genera representing 19 of the 25 tribes still regarded as araneids (marked with 
an asterisk in Table 1). As noted above, Gnoleae, Anapeae (or Anapinae) and 
Theridiosomateae (or Theridiosomatinae) are not araneids according to latest 
research (Coddington 1986b, Eberhard, 1982; Platnick & Shadab, 1993). Due to 
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insufficient fresli material, we were unable to include Glyptogoneae, Physioleae, 
Exechocentreae, Gelaeiieae, Testudiiiareae, and Urseae. Three of the omitted tribes 
are monotypic, and material of all of them is rare in collections and usually in poor 
condition. Future research on araneid phylogeny might concentrate on adding these 
taxa to the analysis. From the point of view of characters, we wished to include and 
test as many informati\'e, complex characters as possible; we chose genera with that 
end in mind. In so doing we intended to test these potentially valuable homology 
hypotheses by scoring them in a much broader selection of taxa. If substantial 
liomoplasy is found (as judged against the background of the total data set), the 
existing hypotheses, or our extension of them to pre\'iously unstudied taxa, will have 
to be revised. 

Exemplars 
We chose to use real species to exemplify terminal taxa in this analysis rather 

than hypothetical constructs because we do not think hypothetical taxa that exemplify 
higher taxa (e.g. genera or tribes) can be reliably inferred at present. While the use 
of real taxa may introduce extra liomoplasy into the analysis, and may not ideally 
mirror taxon groundplans, we feel these costs are outweighed by the benefit of 
presenting an empirically verifiable matrix to be expanded and improved by future 
work. As Levi (1992) noted, the ideal background for this analysis would be modern 
revisions of all araneid genera. Such revisions would make it easier to choose 
representative species from each genus to represent the generic groundplan. Levi's 
(1968•92) work on the New World fauna makes this possible for holarctic and some 
neotropical araneid genera, but similar high-quality re\'isionary work does not exist 
for the rest of the world. For Old World taxa we used what little was a\'ailable to 
gain an overview of the genera: original descriptions, re\'iews, re\'isions, and, of 
course, examination of those taxa for which sufficiently intact 'scorable' material 
was available. 

However, very few generic revisions include explicit phylogenetic, much less 
quantitati\'e, analyses. Revisions that focus on new species, keys, and nomenclature 
frequently do not review critically or comprehensively the comparative morphology 
and etholoogy required for phylogenetic analysis of higher taxa. Indeed, in the 
absence of an overview of the famuy, it is difficult for anyone at the generic le\'el 
to know, or even guess, which characters are important and worth commenting on. 
Consequently, generic revisions per se, while useful, cannot usually pinpoint which 
species best represent the generic groundplan. 

Table 2 gives a list of the exemplar taxa examined. For the 70 genera included 
here we examined more than 100 species. When possible, we used the type species 
as an examplar, but since those species are not necessarily typical for the genus we 
also examined other species from the same genus. Lack and quality of material were 
often limiting factors for rarer genera from tropical and austral regions. It can do 
more harm than good to include taxa for which no males are available, legs are 
missing, macrosetae broken off, spinnerets damaged, tapeta unrecognizable, and 
which have dried out se\'eral times in the last century. Many of the former characters 
are critical, and entering them as 'missing entries' can cause much ambiguity in the 
results (Platnick, Griswold & Coddington, 1991). The major part of the material 
examined came from the Smithsonian and Copenhagen collections, but important 
material was also borrowed from a number of helpful colleagues (see Ac- 
knowledgements) . 
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TABLE 2.   Exemplar taxa examined in connection with this study. An asterisk indicates type species 

for arenus 

*Acacesia hamata (Hentz, 1847) 
*Acant/iepeira stellata (Walckenaer, 1805) 
Acanthepeira venusta (Banks, 1896) 
*Aculepeim packardi (Thorell, 1875) 
*Aetrocantha falkensteini Karsch, 1879 
Alpaida bicomuta (Taczanowski, 1878) 
Alpaida championi (O.P.-Cambridge, 1889) 
Anepsion depressum (Thorell, 1877) 
Anepsion peltoides (Thorell, 1878) 
Anepsion roeweti Chrysanthus, 1961 
Arachnura feredayi (L. Koch, 1872) 
Araneus diadematus Clerck, 1757 
*Araneus angulatus Clerck, 1757 
Araneus mannoreus Clerck, 1757 
*Araniella dispacata (Hentz, 1847) 
*Argiope lobata (Pallas, 1772} 
Aîgiope aigentata (Fabricius, 1775) 
Aîgiope tiifasciata (Forskal, 1775) 
Archetnoms mosdorpi Chrysanthus, 1971 
Arkys walckenaeti Simon, 1879 
Aspidolasius bifurcatus Shnon, 1897 
*Aspidolasius branickii (Taczanowski, 1879) 
Aspidolasius sp. (unidentified material fi'om Peru) 
* Augusta glyphica (F. E. Guerin-MeneviUe, 1840} 
*Austracant/ia minax (Thorell, 1859} 
*Beiirana stñolata Keyserling, 1884 
Bertrana laselva Le\'i, 1989 
Caetostiis sexcuspidata (Fabricius, 1793} 
Caetostiis linsoni Thorell, 1868 
*Cercidia pmminens (Westring, 1851) 
*Chaetacis aureola (C. L. Koch, 1836} 
Chaetacis pida (C. L. Koch, 1836} 
Choñzopes sp. (unidentified material from Madagascar) 
*Colphepeira catawba (Banks, 1911} 
*(y)'c/ojfl ronzVfl (Pallas, 1772) 
*Cyrtophora citñcola (Forskal, 1775} 
Cyrtophora sp. (unidentified material from Africa} 
Cyrtarachne ixodoides (Shnon, 1870} 
Deinopis spinosa Marx, 1889 
Didyna arundinacea (Linnaeus, 1758} 
Dolophones sp. (unidentified species from Australia} 
*Enac70so?na anómala (Mello-Leitao, 1932} 
*Encyosaccus sexmaculatus Simon, 1895 
Eriophora edax (Blackwall, 1863) 
*Edophora ravilla (C. L. Koch, 1845) 
*Eustala anasteiu (Walckenaer, 1841} 
* Gasteracantha cancriformis (Linnaeus, 1767) 
Gasteracantha falcicornis Butler, 1873 
Gasteracantha milvoides Butler, 1873 
*Gast7o\ya schoutedeni Benoit, 1962 
Gastmxya I eleup i Benoit, 1962 
Gea heptagon (Hentz, 1850} 

*Gea spinipes C. L. Koch, 1843 
'^Hypognatiia scutata (Perty, 1833) 
Hypsosinga nibens (Hentz, 1847} 
*Iso\ya cicatiicosa (C. L. Koch, 1845) 
Isoxya tabulata (Thorell, 1859} 
*Äflzra alba (Hentz, 1850} 
Lañnia borealis (Hentz, 1847} 
Lañnia directa Banks, 1894 
Leucauge aigyra (Walckenaer, 1841) 
*Li?iyphia tñangularis (Clerck, 1757} 
*Alacracantlia arcuata (Fabricius, 1793) 
A-langora gibberosa {]Aç.r\X.7.^ 1847} 
Alastophora cornigera (Hentz, 1850) 
Alastophora bisaccata (Emerton, 1884} 
Alecynogea lemniscata (Walckenaer, 1841) 
* Aleta menardi (LatreiUe, 1804} 
*Aietazygia wittfeldae F. P.-Cambridge, 1903 
Aletepeira a?izonica Chamberlin and Lde, 1942 
Aletepeira labywithea (Hentz, 1847} 
Alicratliena aculeata (Fabricius, 1775} 
*AIic?athe?ia clypeata (Walckenaer, 1805} 
Nephila clavipes (Linnaeus, 1767) 
*Nephilengys malabarensis (L. Koch, 1871} 
Nephilengys cnientata (Fabricius, 1775) 
*Neogea egregia (Kulczynski, 1911} 
Meoscona oaxacensis (Keyserling, 1863) 
*Neoscona arabesca (Walckenaer, 1841) 
*Nuctenea umbrática (Clerk, 1757} 
Pachygnatlia autumnalis Keyserling, 1884 
*Pac/rygnatha cleicki Sundevall, 1823 
Pasilobus sp. (unidentified species from Papua 

New Guinea, Australia and Tanzania} 
Pimoa altioculata Chamberlin and Ivie, 1943 
*P?onous tube7culife7-K^cyscúing, 1880 
Scolodenis tubeiculifer Corasiock, 1912 
*Scolodenis cordatus (Taczanowski, 1879} 
* Singa hamata (Clerck, 1757} 
*Tetrag?iatha extensa (Linnaeus, 1758) 
Tetragnatha elongata ^Valckenaer, 1805 
Theridion flavonotatum Becker 1879 
^Theiidion pictum (Walckenaer 1805) 
^Thei'idiosoma geinmosum (L. Koch, 1878} 
*Togaca?itha nordiiei (Strand, 1913) 
Uloborus glomosus (Walckenaer, 1841} 
*lhrucosa arenata (Walckenaer, 1841) 
^Witica crassicauda (Keyserling, 1865) 
Wlxia geoigia (L^vi, 1976} 
Wlxia ectypa (Walckenaer, 1841} 
'^Xyletlims superbus Simon, 1895 
Xylethnis scupeus Simon, 1895 
*^giella atîica (C. L. Koch, 1843) 

Character selection 

The character matrix (Table 3) inckides all the informath'e characters we could 
find, especially those that previous work on the family had identified as potentially 
informative. As noted above, character hypotheses also guided taxon selection; if a 
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novel condition liad been noted in a particular taxon, we included it and attempted 
to score the character across all taxa in the matrix. We included somatic morphology, 
genitalia and beha\'iour (see character descriptions), and have added a substantial 
number of new characters. The data for this analysis were compiled mainly from 
our own observations, but we used the literature extensively to check obser\'ations, 
and occasionally as the sole source, especially where behavioral or other characters 
from living animals were concerned. In those cases where information was taken 
from the literature, a reference is given to the paper and a figure, if relevant. 
Illustrations for all morphological characters are either included here, or a figure is 
referenced. Brief descriptions of behavioral characters are given along with references 
to original or synthetic literature sources. All literature information on morphology 
was checked on specimens. In many cases we provide original illustrations to better 
explain character states. Since the definitions of characters may vary between authors 
and sometimes also between different papers of the same author, we established a 
definition of each character and then scored the characters for the exemplar taxa. 

Over the course of the entire study, we scored more than 106 characters, and 
considered several dozen more, for the 70 taxa. Twenty-four of the former characters 
were ultimately discarded for various reasons: some turned out to be autapomorphies 
in the context of the taxa chosen; others because it was impossible to formulate 
discrete, objecti\'ely defined, informative character states (for example, whether male 
or female lateral eyes were on 'tubercles' or not, whether the orb-web was 'horizontal' 
or 'vertical', or the number of tubercles on the female abdomen); others were 
subsumed into unordered multistate characters that remained in the matrix (for 
example, the presence of stout setae on the femoral tubercle of the male palp [3) as 
opposed to their number). 

Se\'eral of the excluded characters merit additional comment. The form of the 
paracymbium on the male palp has been much used in araneoid systematics 
(Goddington & Levi (1991) and authors cited therein). At various times during the 
course of this study we recognized up to se\'en states of paracymbial form. Hormiga 
et al. (1995) accepted seven states in a smaller variety of taxa. However, even this 
large number of states does not adequately capture the real variation. Among 
gasteracanthines, ^giella, Micrathena, Arkys, and tetragnathids, to name only a few, 
there is substantial variation in paracymbial form. Many of the variant states are 
autapomorphic and cannot group taxa unless embedded in a priori transformation 
series (i.e. an ordered character). In the end, we decided that variation in paracymbial 
structure (l3ut not absence versus presence) was too great at this cladistic level to 
code informati\'ely. 

Selected 'ratio' characters were excluded because the variation was so nearly 
continuous among the taxa scored that definition of discrete states became arbitrary 
(Atchley, Gaskins & Anderson, 1976; Atchley & Anderson, 1978). Examples included 
clypeal height (relative to an anterior median eye diameter), first versus fourth femur 
length, and the separation of lateral eyes relative to an eye radius. 

A few characters were excluded because the deri\'ed conditions were not arguably 
homologous. Thus Eustala, Metazygia, Mangara, and Larinia all have a 'high' cé- 
phalothorax in one way or another, but we decided that the similarity between the 
conditions was not sufficiently detailed to hypothesize homology. Nephila and Ne- 
philengys share the derived orientation of the embolus at 90° to the tegulum (Hormiga 
et al, 1995), but embolie orientation varies widely within Araneidae, and is not 
likely to be homologous to the tetragnathid condition. 
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Finally, several behavioral characters were excluded because reliable information 
was available for very few taxa and because states could not be defined un- 
ambiguously. These included presence or absence of an exlusively diurnal habit, 
whether animals rested at the hub or away from it, the manner of prey wrapping 
(if any) during the attack, presence/absence of silk globs (distinct from stabüimenta); 
and presence/absence of stabüimenta. The remaining 82 characters comprised 31 
genital, 42 somatic, and 9 beha\'ioral characters. The character matrix includes 11 
multistate characters (5, 5, 43, 53, 57, 59, 65, 71, 74, 76, and 78), for a total of 89 
informative comparisons (not counting the autapomorphic states within multistate 
characters), all of which we ultimately elected to analyse as unordered. If we felt 
strongly that characters should be ordered, we used additive binary coding to imply 
the transformation series. Throughout the text, references to figures from other 
papers are noted in lower case (e.g. fig.), whereas references to figures herein are 
capitalized (e.g. Fig.). Abbreviations used in figures and tables appear in the respective 
legends. 

Analysis 

We used Hennig86 version 1.5 (Farris, 1988), NONA version 1.15 (32 bit) 
(Goloboff, 1993a), Pee-^Vee version 2.15 (Goloboff, 1993b), and PAUP version 3.1.1 
(Swofford, 1993) to analyse the data matrix for heuristic solutions. We ran the data 
hundreds of times o\'er the course of the analysis. We used MacClade, \'ersion 3.0 
(Maddison & Maddison, 1992) and Glados version 1.2 (Nixon, 1992) to analyse and 
optimize characters and to supplement the phylogenetic analysis. In our experience, 
although Hennig86 is now the oldest phylogenetic software program in widespread 
use, it remains the fastest at finding most parsimonious trees (the 't; bb*' option is 
particularly effective). It is thus ideal for quick manipulations and searches if its 
capacity is not exceeded. The tree buffer overflows at about 1350 trees for data sets 
of this size, and the variety of search, diagnosis and tree manipulation options is 
limited. Starting points for searches cannot be truly randomized, which makes 
finding tree islands difficult. An irreplaceable feature of Hennig86 is its tolerance 
for variant file formats (e.g. name length, unmatched parentheses, tree files denoted 
by taxon number or name, etc.). Hennig86 was often an essential bridge to translate 
files between PAUP, MacClade, Glados, and NONA. 

NONA \'ersion 1.15 is only slightly slower than Hennig86, is more effective at 
handling large numbers of trees, and offers more diagnostic options and search 
strategies. Simply for finding most parsimonious trees, we found that NONA was 
usually effective and fast. NONA adopts a unique (and in some ways preferable) 
definition of character support that affects how treefiles output by Hennig86 and 
PAUP are interpreted and displayed. NONA applies user-specified definitions of 
character support when interpreting treefiles, so that branches specified in treefiles 
may or may not be resolved. The lack of a common convention between all three 
tree-finding programs makes it difficult to check results between programs or to use 
NONA'S tree manipulation without inad\'ertently changing the trees themseh'es. 

PAUP 3.1.1. is significantly slower than the DOS software packages mentioned 
above. However, it has some unique features and it is exceptionally easy to use. Its 
implementation of constraint trees is easy to use and filtering (especially of compatible 
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polytomous trees) is critical. NONA can specify constraint trees, but only specifying 
all involved node numbers. 

In sum, all of the currently a\failable packages have their strengths and in analysing 
this large data set, we found all of them to be indispensable at times. We would 
also advise caution in accepting complex phylogenetic results from a large analysis 
that had not been checked in multiple programs to detect the problems discussed 
below. 

Search strategies 
In Hemiig86 we used the 't; bb*' option most frequently, but occasionally the 

'm*; bb*' recovered trees the former strategy overlooked. In PAUP 3.1.1 ^ve used 
the heuristic method and all available addition sequence options ('as is', 'closest', 
'simple' and 'random'). 'Random' addition sequence was used to shuffle the 
input order of taxa a number of times to search for different 'islands' of trees. In 
NONA and Pee-^Vee we used the 'empezar', 'max*', and various settings of 
'mult*' (the random addition sequences subjected to tree-bisection and reconnection 
(TBR) branch swapping) under both 'amb-' and 'amb = ' options. Taxon input 
order (or equi\^alently, addition sequences) had a major effect on the number and 
length of trees, especially in those programs unable to randomize input order of 
taxa. 

In the case of multiple equally parsimonious trees, strict consensus trees were 
calculated in the various programs. Such trees are of limited value in understanding 
the causes of multiple trees since they collapse topological structure present in all 
trees if one or more taxa jumped cross several nodes. This quirky beha\'iour of 
consensus procedures has been kno^vn for some time (revie^ved in ^Vilkinson, 1994), 
but methods to summarize differences among most parsimonious trees that reflect 
topology unambiguously are unavailable. For such purposes, strict consensus trees 
are a poor choice since they can fail to report real congruence. 

Criteria ofcladistic support 
Although perhaps not ^videly appreciated, all the abo\'e software packages will 

report topologies that cannot be supported by data simultaneously at all nodes (zero- 
length branches). In our view, legitimate phylogenetic hypotheses must have at least 
one demonstrable character change at e\^ery node simultaneously; all monophyletic 
groups must be supported by evidence (Goddington & Scharff, 1995). Topologies 
that do not meet this criterion are rejected. At present, such topologies can only be 
detected by examining individually every topology in the solution set. If not discarded, 
such illegitimate topologies help to obscure \^alid topologies, and bias operations 
invoh'ing sets of trees, such as consensus procedures or successive weighting pro- 
cedures. Missing data (Platnick et al., 1991) exacerbate the problem of zero-length 
branches, but zero-length branches can occur even when matrices have no missing 
entries (Goddington & Scharff, 1995; Wukinson, 1995). Character optimizations 
must be carefully checked to ensure that data do in fact support each node on a 
diagnosed tree. Unfortunately, in a large set of most parsimonious trees there is, 
again, no fast ^vay to detect topologies unsupported by any concei\'able character 
change. 
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Criteria for tree selection 
Although our fundamental goal in this analysis was to investigate the subfamily 

phylogeiietic structure of Araneidae, we also wanted to optimize characters on a 
tree to investigate character evolution and homology hypotheses. ^Vhen the solution 
set contains multiple most parsimonious trees, this requires selecting one or a few 
topologies that could be thoroughly analysed, proposed as a maximally predictive 
and testable basis for future work, and used to examine character evolution. 

Our first criteria for tree selection were parsimony (shortest length trees), and full 
support at all nodes. ^Vhen more than one shortest tree resulted and the trees in 
the solution set varied in resolution, we reduced the number of trees to be considered 
by rejecting polytomous trees (Coddington & Scharff, 1996). Under the 'soft' 
interpretation of polytomies (i.e. lack of resolution is artificial rather than simultaneous 
cladogenesis, Maddison, 1989), there seems to be little reason to consider polytomous 
topologies if more resolved solutions are available. Lack of resolution in araneid 
phylogeny at this point is more likely due to problems in data quantity and quality, 
and thus the 'soft' polytomy interpretation is appropriate. Most resoK'ed most 
parsimonious trees contain more phylogenetic hypotheses and detect more mon- 
ophyletic groups; they are more testable and have greater information content. 

We also find relative informati\'eness of characters as identified by successive 
weighting a useful criterion in this sort of phylogenetic analysis. Successive character 
weighting (Farris, 1969; Carpenter, 1988) emphasizes the more consistent characters. 
These characters agree among themselves and thus with the initial heuristic cla- 
dograms. It reduces the influence of the most homoplasious characters. ^Ve compared 
the results of equally weighted and successively weighted analyses and used the 
latter to prefer topologies among the former when choice was possible. 

Finally we considered the implications of trees fulfilling the above criteria for 
character e\'olution. In general we preferred trees maximizing homology of complex 
characters; secondary loss of complex features is a better explanation than parallel 
gain. Even very similar trees implied different character change reconstructions, and 
thus some trees could be preferred over others on this basis. Trees containing 
branches supportable only by speculati\'e guesses about missing entries were also 
rejected in comparison to trees supported by obser\'ed data. 

All of these criteria are heuristic and may be mainly applicable to studies of large, 
poorly known groups when one is seeking initial estimates of phylogenetic structure, 
and that result in many most parsimonious trees. Given that Araneidae ha\'e never 
been the subject of a detailed and well-founded phylogenetic analysis, we felt that 
phylogenetic hypotheses meeting these criteria would make the greatest contribution. 

In summary, the strategy we found most effecti\'e for dealing with this large data 
set was to: (1) find all most parsimonious trees using a \'ariety of programs and 
options; (2) eliminate polytomous topologies with filters and by inspection; (3) 
eliminate trees containing zero-length branches; (4) discriminate among most par- 
simonious trees with successive character weighting (repeating steps 1•2 at each 
iteration); and (5) select topologies that maximized homology rather than con\'ergence 
in complex characters, and (6) were supported by observed data at all nodes. 

CHARACTER DESCRIPTIONS 

Below we describe all characters used in the analysis. ^Ve followed the following 
format for character descriptions, 'Character name: (0) state; (1) state; (2) state;' etc. 
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A colon separates the name of the character from its states, with states separated 
from each other by semicolons. States are listed in the numerical order of the digits 
assigned to them, and these digits are the codes in Table 3. 

The problem of linking character concepts in phylogenetics to empirical ob- 
servations is logically similar to the problem of linking names to organisms in 
taxonomy. The method of 'type' specimens solves the problem in taxonomy, and a 
similar notion of 'type' character states could be fruitfully applied in cladistics. By 
citing specific taxa we define character states ostensi\'ely rather than with words. 
For every character, we mention taxa that exemplify the character concept so that 
other workers can observe the state directly rather than relying solely on our verbal 
descriptions. Explanation of states and comments on issues of coding particular taxa 
follow. 

Male sexual characters 

Character 1. Male tibia of leg II: (0) normal; (1) modified. When modified, the 
tibiae may be sinuate (e.g. Eriophora ravilla, Fig. 1) or provided with a characteristic 
prong (e.g. Verrucosa arenata, Fig. 2-arrow; Levi, 1976, fig. 7). 

Character 2. Male leg II tibial macrosetae: (0) similar to those on tibia I; (1) stronger 
and more robust. The macrosetae on tibia II are stronger than those of tibia I in 
some males (GrasshoflT, 1968, fig. 17; e.g. Araneus diadeniatus; Fig. 3). 

Character 3. Male palpal femur with tubercle: (0) absent; (1); present; (2) with 
macrosetae. The male palpal femora may be provided with a proximal ventral 
tubercle. The tubercle may have macrosetae (Emerit, 1974, fig. 4c, d; e.g. Augusta 
ghphica, Fig. 4-arrow). 

Character 4. Male palpal patellae with macrosetae: (0) absent; (1) present. Patella 
with one or more long, strong macrosetae (e.g. Metepeira labyrinthea, Fig. 5). 

Character 5. Gymbium; (0) dorsal; (1) mesal; (2) lateral. The orientation of the 
cymbium to the bulb of the male palp is twisted, and in dorsal \'iew the cymbium 
is mesal to the bulb and the sclerites face laterally (Levi, 1983: 251, fig. 8; e.g. 
Cyclosa cónica, Fig. 6-arrow, a) or the cymbium is lateral to the bulb and the sclerites 
face mesally (e.g. Dictyna arundinacea, Fig. 7-arrow). 

Character 6. Paracymbium on male palp: (0) absent; (1) present. Gymbium of the 
male palp provided with a proximal branch on the ectal margin (e.g. Araneus 
diadematus; Fig. 8-pc). The homology of the theridiid 'paracymbium' with that of 
other araneoids is increasingly questionable. Following Griswold et al. (in press), we 
code it as absent. 

Character 7. Globular tegulum: (0) absent; (1) present. The tegulum is smooth, 
globular to almost spherical in Pachygiiatha (Levi, 1980b, figs. 174, 175, 177) and 
Tetragnatha (Levi, 1981, figs. 20, 32, 33; e.g. Tetragnatha laboiiosa, Fig. 9-t). 

Character 8. Shape of male palpal conductor: (0) entire; (1) with lobe. The conductor 
of the male palp is normally a single outgrowth from the tegulum (sclerotized or 
membranous). In some taxa, the conductor is pro\'ided with a proximal lobe of 
\'ariable shape (e.g. Aíicratliena, in Levi, 1985, figs 6, 9; e.g. Vermcosa arenata, Fig. 
10•arrow). 

Character 9. Gonductor wraps embolus: (0) absent; (1) present. The embolus is 
apically placed and wrapped together with the conductor in all the tetragnathids 
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prolateral view      dorsal view 

tna 

Figures 1-10. Fig. 1. Eriophora ravilla, male, showing sinuate tibia II (after Levi, 1970, fig. 8). Fig. 2. 
Verrucosa arenata, male, showing prong on tibia II (arrow) (after Le\i, 1976, fig. 7). Fig. 3. Araimis 
diadematus, male, showing strong macrosetae on tibia II (after Grasshoff, 1968, fig. 17). Fig. 4. Augusta 
gljphica, male palp with tubercle (arrow) and macrosetae (after Emerit, 1974, fig. 4). Fig. 5. Aletepeira 
labynnthea, male palp with cymbium, tibia and patella, showing macrosetae on palpal patella (after 
Le\'i, 1977a, fig. 8). Fig. 6. Cyclosa cónica, male spider, dorsal view, showing mesal position of cymbium 
(arrow a) and location of pateUar-tibial joint (arrow b) (after Levi, 1977b, fig. 12). Fig. 7. Dictyna 
arundinacea, male spider, dorsal view, showing lateral position of cymbium (arrow). Fig. 8. Araneus 
diadematus, male palp, expanded, showing cymbium, paracymbium, stipes, median apophysis, tegulum, 
embolus, conductor, terminal apophysis, subterminal apophysis, distal hematodocha, and radix (after 
Grasshoff, 1968, fig. 33). Fig. 9. Tetragnatha laboriosa, left palpus, expanded, showing globular tegulum 
and wrapped embolus (after Levi, 1981, fig. 20). Fig. 10. Venucosa arenata, left palpus, expanded, showing 
median apophysis and proximal lobe on conductor (arrow) (after Levi, 1976, fig. 9). Abbreviations: 
c = conductor, cy = cymbium, dh = distal hematodocha, e = embolus, fe = femur, ma = median apo- 
physis, mt = metatarsus, p = patella, pc = paracymbium, r = radix, s = stipes, sta = subterminal apophysis, 
t = tegulum, ta = terminal apophysis, ti = tibia. 
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included in tliis study (Coddington, 1990a, figs 49-51; e.g. Tetragnatha laboriosa, Fig. 
9-c, e). 

Character 10. Male palp with a median apophysis: (0) present; (1) absent. Most 
entelegyne spiders have two tegular apophyses (conductor and median apophysis) 
and the presence of a median apophysis within araneoids is probably primitive 
(Coddington, 1990), although as more lineages are studied, the situation becomes 
less and less clear (Griswold et al, in press). A median apophysis is absent in 
linyphiids, deinopids, in the araneid genera Witica and Mecynogea (Levi, 1980b: 11, 
fig. 15), and in tetragnathids (e.g. Tetragnatha laboiiosa. Fig. 9, nephilines, and Meta 
nienardi, Fig. 11). 

Character 11. Median apophysis of male palp with bifid prong proximally: (0) 
absent; (1) present. The shape of the median apophysis in araneids is diverse, but 
not easily construed as a small number of mutually exclusive alternatives. However, 
the median apophysis of Kaira, Aletepeira, Aculepeira and Araneus is pro\'ided with a 
distinctive bifid prong (Levi, 1977a, figs 26, 127-129; Levi, 1991, fig. 15; e.g. 
Aculepeira carbonoides, Fig. 12-arrow). 

Character 12. Median apophysis of male palp with a threadlike spur: (0) absent; 
(1) present. A^giope and Neogea are pro\'ided with a distinctive threadlike spur on the 
median apophysis (e.g. Argiope lobata. Fig. 13-arrow), and the form in Gea has been 
proposed as homologous (Levi, 1983, fig. 13). A somewhat similar threadlike spur 
is present in the Micratliena gracilis species group (Levi, 1985, figs 768, 772) but does 
not seem general enough within micrathenines to consider homology. 

Character 13. Median apophysis with transparent flap: (0) absent; (1) present. The 
median apophysis oí Augusta and Gastroxya is provided with a transparent triangular 
flap not seen in any other araneids (e.g. Gastroxya schoutedeiii, Fig. 14-arrow). 

Character 14. Median apophysis large with fork: (0) absent; (1) present. The median 
apophysis is large and provided with a distal fork in Acacesia and Wixia (Le\'i, 1976, 
figs. 82, 83, 96, 97; Glueck, 1993, figs 1, 2; e.g. Acacesia hamata. Fig. 15-arrow). 

Character 15. Median apophysis anterior margin: (0) smooth; (1) toothed. Anterior 
margin of median apophysis with small teeth (e.g. Kaira alba, Levi, 1977a, figs 127, 
128; Fig. 16-arrow, and Aculepeira packardi, Levi, 1977a, figs 159, 160). 

Character 16. Radix: (0) absent; (1) present. In most araneoids, the embolus inserts 
directly on the tegulum. In some araneoids an intercalary sclerite, the radix, is 
present between the tegulum and the embolus, and the sperm duct runs from the 
tegulum through the radix to the embolus proper (e.g. Araneus diadematus. Fig. 8-r; 
Eriophora, Fig. 18•r). The theridiid 'radix' is not a homolog of the araneid radix 
(Coddington, 1990a). 

Character 17. Distal hematodocha: (0) absent; (1) present. The term 'distal hemato- 
docha' should probably be restricted to the saclike, membranous structure located 
distal to the radix, and connected to the stipes and/or the terminal apophysis 
{sensu Comstock, 1910: 177, figs 13, 14; e.g. Araneus diadematus. Fig. 8-dh). 'Distal 
hematodocha' has also been applied to the saclike structure situated between the 
embolie division and the tegulum in araneids and other spiders, but is not directly 
homologous to the hematodocha within the embolie division proper. 

Character 18. Paramedian apophysis: (0) absent; (1) present. Most araneids have 
two tegular apophyses (conductor and median apophysis) other than the embolus. 
A few genera ha\'e a third apophysis called the paramedian apophysis, though it 
varies in where it inserts on the tegulum (e.g. Gasteracantha theisi. Fig. 17-arrow; 
Eriophora; Fig. 18-pma). 



374 N. SCHÄRFT AND J. A. CODDINGTON 

Figures 11-18. Fig. 11. Aleta menardi, left palpus, expanded view (after Le\i, 1980b, fig. 125). Fig. 12. 
Aculepeira carbonoides, left palpus, expanded, showing paracymbium and bifid prong on the median 
apophysis (arrow) (after Levi, 1977a, fig. 173). Fig. 13. Argiope lobata, left palpus, mesal \iew, showing 
median apophysis with threadlike spur (arrow) (after Levi, 1983, fig. 97). Fig. 14. Gastmxva schoutedeni, 
left palpus, mesal view, showing transparent flap on median apophysis (arrow). Fig. 15. Acacesia hamata, 
male palp, mesal view, showing median apophysis with a distal fork (arrow) (after Le\'i, 1976, fig. 82). 
Fig. 16. Kmra alba, left palpus, mesal view, showing small teeth and bifid prong of median apophysis 
(arrows) (after Levi, 1977a, fig. 127). Fig 17. Gasteracantha theisi, male palp, showing paramedian 
apophysis (arrow). Fig. 18. Eriophora sp., male, left palp, expanded, showing cymbium, paracymbium, 
radix, stipes, terminal apophysis, embolus, conductor, median apophysis, paramedian apophysis, and 
basal haematodocha (after Le\'i, 1970, fig. 2). Abbre\'iations: bh = basal hematodocha, c = conductor, 
cy = cymbium, e = embolus, fe = femur, ma = median apophysis, pc = paracymbium, pma = paramedian 
apophysis, r = radix, s = stipes, t = tegulum, ta = terminal apophysis, ti = tibia. 

Character 19. Stipes: (0) absent; (1) present. A separate sclerite, the stipes (s), is 
present between tlie radix (r) and the embolus (e) on the male palp (e.g. Eriophora, 
Fig. 18-s). 

Character 20. Subterminal apophysis: (0) absent; (1) present. A sclerite that inserts 
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Figures 19•22. Fig. 19. Aleta^gia wittfeldae, male palp, mesal \iew, showing bubble-shaped subterminal 
apophysis (sta) (after Le\'i, 1977b, fig. 101). Fig. 20. Larmia borealis, left palpus, showing embolus cap 
(arrow) (after Le\i, 1975, figs. 13 aud 32). Fig. 21. Cyrtophora citricola, left palpus, lateral \'iew, showing 
anticlockwise direction of embolus. Fig. 22. Pachvgnathaßircillafa, female abdomen, \entral view, showing 
the lack of external epigyne in adult female (after Le\i, 1980a, fig. 168). Abbre\'iations: cy = cymbium, 
e = embolus, ma = median apophysis, sta = subterminal apophysis, ta = terminal apophysis, ti = tibia. 

on the embolus via a distal hematodocha and is not terminal has been called the 
subterminal apophysis (GrasshofF, 1968, fig. 33; e.g. Araneus diadematus, Fig. 8-sta). 
Several sclerites insert on the embolus via a hematodocha, and the homology of 
these structures is debatable. If two or more sclerites insert on the embolus, 
traditionally the most terminal is the 'terminal apophysis' (see 22) and one of the 
remaining sclerites is the 'subterminal apophysis'. 

Character 21. Subterminal apophysis: (0) normal; (1) bubble-shaped. The sub- 
terminal apophysis of the male palp is inflated, transparent and bubble-like in Eustala 
and Aietagjgia (e.g. Eustala anastera, Levi, 1977b, figs. 215, 232 and Metazygia wittfeldae, 
Levi, 1977b, figs 101-103; Fig. 19-sta). 

Character 22. Terminal apophysis: (0) absent; (1) present. The terminal apophysis 
is the most apical slerite that inserts on the embolus via a distal hematodocha (see 
note for 20; e.g. Araneus diadematus, Fig. 8-ta and Eiiophora, Fig. 18-ta). 

Character 23. Tip of male palpal embolus: (0) simple; (1) with cap. The tip of the 
embolus is modified to break off during mating and stay behind in the female 
copulatory duct in Larinia (Grasshoflf, 1970, fig. If), Aletepeira, Araneus, Aculepeira and 
Argiope (Levi, 1970, 1975, 1977a and 1991), among the genera included here. The 
embolus cap can be obser\'ed in virgin males (e.g. Larinia borealis. Fig. 20-arrow). 

Character 24. Embolus, direction of curve (lateral view, left palp): (0) clockwise; (1) 
anticlockwise. In most araneoids, the embolus of the non-expanded palp runs in a 
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Figure 23. Gasteracantha cancrjformis, female abdomen, lateral \'iew, showing spinneret (s), ring around 
spinnerets (sr), epig)'ne (e), epigastric furrow (ef), and genital tubercle (gt). 

clockwise direction. The embolus (e) runs in a anticlockwise direction in Alecynogea 
(Levi, 1980b, fig. 14), Cyrtophora citricola, Fig. 21, Witica (Levi, 1986a, figs. 9 and 14) 
and ^giella (Levi, 1974a, fig. 6). 

Female sexual characters 

Character 25. Female genitalia: (0) entelegyne; (1) haplogyne. Entelegyne female 
genitalia have fertilization ducts that connect the spermathecae to the gonoduct 
independently of copulatory ducts opening to the \^entral body wall; haplogyne 
female genitalia lack such fertilizations duct. The haplogyne condition is present in 
Tetragnatha, Pachygnatha (Levi, 1981, fig. 27; Levi, 1980b, figs 181, 182) and Glenognatha 
(Hormiga et al, 1995, Table 1). Since most of the outgroups (Entelegynae and 
deinopids) are entelegyne, the various araneoid haplogyne conditions are probably 
secondary. See discussion in Platnick (1991), Coddington & Levi (1991), and Griswold 
et al. (in press). 

Character 26. Epigynum: (0) present; (1) absent. External structures of the female 
genitalia are absent in Pachygnatha and Tetragiiatha (e.g. Pachygnatha clercki, Levi, 1980b, 
figs 229, 233; Fig. 22). 

Character 27. Genital tubercle; (0) absent; (1) present. The female abdomen may 
have a sclerotized tubercle between the epigynum and the spinnerets (e.g. Gasteracantha 
cancnfomiis; Fig. 23-gt). 

Character 28. Scape: (0) absent; (1) present. The dorsal or ventral wall of the 
epigynum of many female spiders projects medially as a pointed, or fingerlike, form. 
In araneids, the scape arises exclusively from the ventral wall.  The  shape and 



ARANEID ORB-WEAVER PHYLOGEN\' 377 

Figures 24•27. Fig. 24. limicosa arenata, female, ventral view, with elongated scape (arrow) (after Levi, 
1976, figs 2, 3). Fig. 25. Araneus diadematus, female, epig)'num with wrinkled scape that is provided with 
a pocket near the tip (arrow) (after Grasshoff, 1968, fig. 40a). Fig. 26. VVixiageotgia, showing macrosetae 
(arrows) on male coxae and trochanter IV. Fig. 27. Eriophora edax, male legs I and II, showing coxae 
I with hook (h) and femora II with groo\'e (g). 

morphology of scapes are dñ'erse, and we have adopted a fairly broad definition in 
order to test its homology (e.g. Vermcosa arenata, Fig. 24•arrow). 

Character 29. Scape: (0) normal; (1) elongate. The scape is considered elongate if 
it is more than 5 times longer than the width at base (e.g. Vermcosa arenata, Fig. 
24•arrow). 

Character 30. Scape with pocket near tip: (0) absent; (1) present. The ventral tip 
of the scape is provided with a pocket (Grasshoff, 1968, fig. 40; e.g. Araneus diadematus. 
Fig. 25•arrow). In some araneids, the median apophysis of the male palp interacts 
with the pocket tip during mating (Grasshoff, 1968, 1973). 

Character 31. Scape of epigyniim: (0) smooth; (1) wrinkled. The surface of the 
scape is clearly wrinkled or annulated in several araneids (Grasshoff, 1968, fig. 40; 
Levi, 1974b, fig. 8; e.g. Araneus diadematus. Fig. 25). Annulated scapes probably are 
extended (possibly by the male) or innate during copulation. 

Appendages 

Character 32. Macrosetae on coxae and trochanter IV of males: (0) normal; (1) 
stout. In most araneoids, the setae on coxae and trochanter IV are similar to those 
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Figure 28. Gasteracantha geminata, fourth metatarsus of female, showing trichobothria (tr). 

found on the legs and sternum. In some cases coxae IV and trochanters IV are 
each pro\'ided with a short stout macroseta (e.g. Wixia georgia, Fig. 26-arrows; Acacesia; 
Levi, 1976, figs. 86, 123). Theridiids lack macrosetae on their coxa (Griswold et al., 
in press). 

Character 33. Coxa I hook: (0) absent; (1) present. Many male araneids lack 
modifications of coxae I, but some have a prominent retrolateral hook (Fig. 27•h) 
on the first coxae, which fits into a groove on the second femora (GrasshofF, 1968, 
fig. 44; e.g. Eriophora edax). 

Character 34. Femur II with groove: (0) absent; (1) present. Most male araneids do 
not have any modification of femora II. Some male araneids have a groove on the 
second femora (Fig. 27•g) that works together with the hooks on coxae I (33) 
(Grasshofí", 1968, fig. 44; e.g. Eriophora edax). Characters 33 and 34 are functionally 
linked, but together they are a complex feature that probably deserves the extra 
cladistic weight. 

Character 35. Femur IV trichobothria: (0) absent; (1) present. Fourth femora are 
pro\'ided with a number of dorsal trichobothria (e.g. Leucauge argyra, Le\'i, 1980b, 
fig. 67). 

Character 36. Tibial autospasy: (0) absent; (1) present. Tibia of legs detach at a 
predetermined locus of weakness between tibia and patella (Fig. 6-b illustrates 
location of detachment zone); e.g. Lepthypliantes flavipes; Roth & Roth, 1984). Tibial 
autospasy is kno^vn from linyphiids and pimoids (Hormiga, 1994a, b), but also from 
the relati\'ely distantly related leptonetids, filistatids and hersiliids. 

Character 37. Number of trichobothria on metatarsus IV: (0) 0•1; (1) many. 
Normally female araneoids have no or one trichobothrium on the metatarsi. Some 
genera ha\'e many. The coding is ambiguous because the number ranges from 0•1 
in most genera to 2-3 in Witica and Alpaida to more than 10 in Eriophora, Caerostris 
and Aiastopliora (e.g. Gastercantha geminata as an example of state 1, Fig. 28-tr). We 
tried \'arious ways to render the continuum discrete, but no method clarified the 
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leg II 
leg I l«9 II 

Dorsal view 

Figures 29•30. Caerostns sp., legs I & II, lateral and dorsal views, showing flattened tibiae and metatarsi. 
Fig. 30. Larinioides sdopetamis, distal end of tarsns I\', showing snstentacnlnm (arrow•s) and serrate 
accessory claw setae (arrow•ac) (after Kaston, 1948, fig. 815). Abbreviations: ac = accessory claw setae, 
mt = metatarsus, p = patella, s = snstentacnlnm, ta = tarsus, ti = tibia. 

results, for example by corroborating another character. Ultimately, we decided to 
include the feature, and simply to contrast the most common (0•1) with the rarer 
condition (>2). 

Character 38. Tibiae and metatarsi: (0) normal; (1) flattened. Tibiae and metatarsi 
are clearly dorsoventrally flattened in a few araneids (e.g. Caerostris sexaispidata, Fig. 
29-ti and mt). 

Character 39. Serrate accessory claw setae: (0) absent; (1) present. Orbicularians 
are equipped with two or more stout, sharply serrate setae at the tarsal tips. Although 
the character is uninformative in this context, we include it to reveal homoplasy, if 
any, among araneoids (e.g. Nuctenea Jimbratica, Fig. 30-arrow ac). 

Character 40. Sustentaculum: (0) absent; (1) present. The sustentaculum is a thick 
macroseta with a bent tip, situated below the accessory claws of the fourth tarsi (e.g. 
Nuctenea umbrática, Fig. 30-arrow s). The macroseta was called 'Sustentaculum' by 
Reimoser (1917), and 'Webestacliel' by Dahl (1912: 502, fig. 27), (Levi, 1985, plate 
3, Micrathena mitrata). 

Céphalothorax 

Character 41. Carapace: (0) hirsute (Fig. 31); (1) glabrous (Fig. 35). The female 
carapace may be densely to moderately hirsute, or with few to no setae on the cephalon 
or along the margin of carapace (e.g. Encyosaccus sexmaculatus as representative for 
state 1). 

Character 42. Female carapace shape: (0) longer than wide; (1) wider than long or 
equal length. The carapace shape of most araneids is longer than wide. Some 
araneids have a carapace that is almost square-shaped. The carapace of Aetrocantha 

falkensteini (Fig. 31) illustrates the almost square-shaped carapace. 
Character 43. Male carapace shape: (0) o\'al; (1) Gasteraca?itha-like; (2) wide. Most 

araneoid males have a pear-shaped or o\'al carapace (araneid-like, Fig. 6). The pear 
shape may have bulges behind the ocular area {Gasteracantha-like; Figs 32, 33; e.g. 
Gasteracantha geniinata), or the céphalothorax may be more or less quadrangular rather 
than pear shaped (e.g. Isoxya cicatncosa, Fig. 34). 

Character 44. Margin of chelicerae: (0) smooth; (1) with stridulation file. Most 
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Figure 31. Aetrocantha falkensteini, female showing rectangular cephalon and carapace that are as wide 
as long. 

spiders have smooth chehcerae, but the chehcerae of some species (males and 
females) have horizontal ridges laterally. Such ridges are present in both sexes of 
pimoids (Hormiga, 1994b) and many linyphiids (e.g. Lepthyphantes stmmencola, Fig. 
35•arrow). Cheliceral stridulating files are a synapomorphy for linyphiids and 
pimoids (Hormiga, 1993, 1994a, b). Stridulating files on the chelicerae ha\'e been 
reported from a number of other spider families {loc. cit.), but they are probably not 
homologous to those found in linyphiids and pimoids. 

Character 45. Endite tooth: (0) absent; (1) present. The endites of most araneids 
are smooth. Males of some species may have a tooth on the lateral face of the 
endite, often but not always facing a similar tooth or tubercle on the palpal femur 
(see 3) (e.g. Wagneriana tajos, Fig. 36-arrow). 

Character 46. Clypeal tooth of females: (0) absent; (1) present. Margin of clypeus 
is provided with a ventral tooth (e.g. Caerostiis sexcuspidata, Grasshoff", 1984, figs. 1, 
4-5; Fig. 37-arrow). 

Character 47. Cephalon of female: (0) normal; (1) enlarged. The cephalon of female 
can be clearly raised and set ofi^from thorax by constrictions between cephalon and 
thorax. Cephalon is rectangular in dorsal view, wider than long (e.g. Aetrocantha 

falkensteini; Fig. 31). 
Character 48. Female cephalon height: (0) normal; (1) high. Cephalon may be 

abnormally higher than the thorax (but not rectangular and not clearly set ofii" from 
thorax as in 47) in several araneid taxa (e.g. Acantlwpeira stellata, in Le\'i, 1976, fig. 
13). 

Eyes 

Character 49. Anterior/posterior MOA: (0) <1; (1) >1. This ratio is the separation 
of anterior median eyes to that of the posterior median eyes, including the eyes 



ARANEID ORB-WEAVER PHYLOGEN\' 381 

Figures 32•36. Gasteracantha theisi, male, dorsal view, showing 'star shaped' abdomen and Gasteracantha- 
like carapace. Fig. 33. Gasteracantha geminata, male, dorsal view, showing 'inverted U-shaped' abdomen 
and Gasteracantha-Vike carapace. Fig. 34. Isoxya cicatricosa, male, dorsal \iew, with wide céphalothorax. 
Fig. 35. Lepthyphantes strammcola, lateral view of female céphalothorax and chelicerae, showing stridulating 
file (arrow) (after ScharfF, 1990, fig. 108). Fig. 36. Wagneriana tayos, male, lateral \'iew, showing endite 
with tooth (after Levi, 1991, fig. 22). 

themseK'es. This character defines the shape of the median ocular area (MOA) as 
narrower in fi-ont or behind (e.g. Figs 6, 37, Cyclosa cónica, Caavstns sp.). 

Character 50. LE-ME separation: (0) <1; (1) >1. Tlie distance between tlie lateral 
eyes (LE) and tlie median eyes (ME) are given as the following ratio: distance 
between LE and ME (at the widest point) divided by the width of the ME ocular 
area (at the widest point). If the ratio is less than 1, the separation is normal (e.g. 
Cyclosa). If the ratio is more than 1, the separation is wide (e.g. Isoxya cicatricosa, Fig. 
34). The character measures how far the lateral eye groups are set apart from the 
median ocular area. 

Character 51. Posterior median eyes with canoe tapetum: (0) absent; (1) present. 
When absent, the tapetum fills the entire eye cup (Foelix, 1992, fig. 66c•pt). ^Vhen 
present, the tapetum consist of two lateral walls and a median gap (Foelix, 1992, 
fig. 66c•ct; Fig. 38•ale), thereby forming a canoe-shape (see also Homann, 1971, 
fig. lOA) (e.g. Araneus diadematus). The presence of a canoe tapetum in Ark}>s and 
Archemoms is debatable. In ten Arkvs specimens and six Archemorus specimens we 
observed badly deteriorated tapeta in only one specimen of each genus. Homann 
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Figures 37•42. Fig. 37. Caerostris sp., female carapace, front view, showing cl^peal tootli (arrow). Fig. 
38. Argiope picta, eye region, sliowing canoe-siiaped tapetum reducer to a sliver in posterior median 
and lateral eyes (pme + ple) and canoe shaped tapetum in anterior lateral eyes (ale) (after Le\'i, 1983, 
figs 9, 10, 313 and Homann, 1971, fig. 27). Fig. 39. Gasteracantha sp. female abdomen, frontal view, 
with condyles (arrow•c) and sigülae (arrow•s). Fig. 40. Augusta glyphica, male abdomen, dorsal view, 
showing heart-shaped abdomen. Fig. 41. Hypognatha scutata, male abdomen, dorsal view, showing round 
abdomen. Fig. 42. Arbfs sp., male abdomen, dorsal view, showing triangular abdomen. 

(1971, p. 240) reported rudimentary ('KT rudimentär') canoe-shaped tapetum in 
Arclienwms, and Harvey (pers. comm.) reports clearly seeing 'a tapetum' in Arkys. 
The tapetum frequently degrades in museum specimens, and thus it is quite possible 
that li\'ing animals (una\'ailable to us) have obvious canoe tapeta. Based on the 
meager observational evidence, we decided to code them as present. If tapetal 
characters are coded as absent or missing entries for these genera, the cladistic 
results are the same. 

Character 52. Posterior median eyes with narrow tapetum: (0) absent; (1) present. 
In most araneoids, the posterior median eyes have a full canoe tapetum (the midline 
or 'keel' of the canoe tapetum bisects the eye cup, and the rhabdoms and tapetum 
are equally displayed on each side). In some araneoids, the canoe tapetum is reduced 
to a sliver in the posterior median eyes (Levi, 1983: 252, fig. 10; e.g. Araneus diadematus, 
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see Fig. 38-pme for an illustration of a reduced canoe tapetiim in Argiope picta). See 
character 51 for comments on Arkys and Arclienwms. 

Character 53. Canoe-shaped tapetum of posterior lateral eyes: (0) normal; (1) 
reduced; (2) absent. A well developed canoe-shaped tapetum in the posterior laterals 
is widespread among araneoids and is also found in the more distantly related 
families Agelenidae, Amaurobiidae, and Dictynidae (Homann, 1971; Levi, 1983: 
252; Griswold et ai, in press). The canoe-shaped tapetum of the posterior laterals 
is reduced to a narrow slit in Argiope, Neogea, and Gea (Le\'i, 1983: 252, fig. 9; e.g. 
Argiope picta, Fig. 38-ple) and it is lost in a number of genera (e.g. Tetragiiatha, Levi, 
1981, fig. 22). See character 51 for comments on Arkys and Archemoms. 

Character 54. Posterior row of eyes (dorsal view): (0) straight to recurved; (1) 
procurved. The posterior row of eyes is procurved in Arrope, Gea and Neogea (Levi, 
1983, fig. 52; e.g. Argiope picta. Fig. 38). 

Abdomen 

Character 55. Feathery hairs; (0) absent; (1) present, (e.g. Deinopis). Most cribellate 
spiders have plumose setae (e.g. Figs 52, 61). Araneoids ha\'e serrate setae (Figs 68, 
72). Howe\'er, deinopoids and a few other cribellate taxa also have flattened, feathery 
or feather-like setae, typically on the abdominal surface. Griswold (1993: fig. 75) 
provides an illustration of typical feathery setae. 

Character 56. Abdominal sigillae: (0) absent; (1) present. Dorsum of female abdomen 
provided with a number of sclerotized discs (muscle attachment sites distinct from 
the usual apodemes) (e.g. Gasteracantha cancrifomiis, Le\'i, 1978, fig. 72; Figs. 39, 40). 

Character 57. Abdominal sigillae: (0) scattered; (1) 1 row; (2) 2 rows. The sclerotized 
discs on the dorsum of the female may be scattered (e.g. Chaetacis aureola, Le\'i, 1985, 
fig. 845), or in one marginal row (e.g. Gasteracantha cancrifomiis, Levi, 1978, fig. 72), 
or in two marginal rows (e.g. Gastroxya schoutedeni, Emerit, 1973, fig. 9; Augusta glyphica. 
Fig. 40). 

Character 58. Female abdomen with \'entral condyles: (0) absent; (1) present. The 
female abdomen is provided with two small condyles lateral to the pedicel (e.g. 
Gasteracantha; Fig. 39-arrow c) in Old World gasteracanthines and Caerostris. Condyles 
are absent in the New World genera Aiicratliena, Chaetacis and Xylethms. 

Character 59. Male abdominal shape: (0) normal; (1) star-shaped; (2) U-shaped; (3) 
heart-shaped; (4) square; (5) round; (6) triangular. Male abdomens may ha\'e three 
pairs of blunt spines (star-shaped; e.g. Gasteracantha theisi, Fig. 32; and Macracantha 
arcuata), or may be horseshoe-shaped (U-shaped; e.g. Gasteracantha geminata, Fig. 33), 
or shaped like a heart (e.g. Augusta glyphica. Fig. 40), or square (e.g. Isoxya tabulata, 
Emerit, 1973, fig. 3), or round (e.g. Hypognatha scutata. Fig. 41), or triangular (e.g. 
Arkys walckenaeii. Fig. 42). The 'heart' and 'square' shapes are autapomorphic in this 
context. 

Character 60. Female abdominal shape: (0) longer than wide; (1) wider than long, 
(e.g. Gasteracantha cancrifomiis, Levi, 1978, fig. 72; Fig. 39). 

Character 61. Female/male size ratio: (0) <2 times; (1) >2 times. Li most spiders 
the female is less than twice as big as the male. In others the female is more than 
twice as big as the male (e.g. Macracantha arcuata). 

Character 62. Gasteracanthine abdominal spines: (0) absent; (1) present. Female 
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Figure 43. Alicmfheua sagittafa, showing stridulating file on book-lung covers. Abbre\iations: e = epigyne, 
sf = stridulating file. 

'?<^Al/Af^ 

Figures 44•45. Fig. 44. Araneus sp., ventral \iew, prosoma and opisthosoma. The latter with booklung 
covers, showing groo\es (arrow) (after Kaston, 1980, fig. 336). Fig. 45. Xylethrus superbus, female 
abdomen, \'entral view, showing trachéal spiracle on one of the sclerites that surround the spinnerets 

abdomen with three pairs of spines (e.g. Gasteracantha cancrifomiis, Levi, 1978, fig. 72; 
Fig. 39). 

Character 63. Booklung co\'ers of males and females: (0) smooth; (1) with stridulating 
file. Booklung covers of males and females of Micrathena and Chaetacis are pro\'ided 
^vith a stridulatory surface composed of many parallel ridges (Le\'i, 1985, plate 3; 
Alicrathma sagittata, Fig. 43-sf). This must not be confused with the fewer wrinkles 
or grooves (normally less than 10) often obser\'ed on the booklung covers of araneids 
(see 64). 

Character 64. Booklung cover: (0) normal; (1) grooved. Booklung co\'ers on the 
female abdomen are normally smooth. In some taxa booklung covers ha\'e ^vrinkles/ 
grooves, normally less than 10 (Fig. 44-arrow) (e.g. Araneus diadematus). 
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Figures 46^7. Fig. 46. Gasteracantha geminata, female abdomen, ventral view, showing spinnerets 
with solid sclerotized ring (sr) and spiracle (s). Fig. 47. Aetrocantha falkensteini, dorsal view, showing 
'gasteracanthine-like macrosetae' on céphalothorax. 

Character 65. Sclerotized ring around spinnerets: (0) absent; (1) with sclerites or 
plates; (2) with a solid ring. The spinnerets of the female may be surrounded by a 
number of sclerites, plates, or sclerotized disks (e.g. Xyletiirus superbus, Fig. 45) or may 
be surrounded by a solid sclerotized ring (e.g. Gasteracantha geminata, Fig. 46-sr). 
Emerit (1974) studied the ontogeny of the sclerotized ring in Gasteracantha, and found 
a transformation from [ring absent] to [ring composed of five separate sclerites] to 
[solid ring]. 

Character 66. Spiracle on female abdomen: (0) unsclerotized; (1) sclerotized. The 
trachéal spiracle in front of the spinnerets is incorporated in the sclerotized ring 
(and thereby sclerotized; e.g. Gasteracantha geminata. Fig. 46-s) or positioned on the 
sclerites/plates that surround the spinnerets (e.g. Xyletiirus superbus. Fig. 45-arrow). 

Character 67. Tactile setal bases on carapace and abdomen: (0) normal; (1) 
gasteracanthine-shaped. Normally the tactile setae insert in a narrow, pocketed 
socket {sensu Foelix, 1982: 71, fig. 55). In gasteracanthines, the socket is broad, fiat, 
and hooded and the setal shape itself is characteristic (Nemenz, 1963: 112, e.g. 
Aetrocantiia fatiiensteini, Fig. 47). 
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Figure 48. Generalized araneoid spinneret and spigot location (after Coddington, 1989, fig. 1). 
Abbre\iations: ac = aciniform gland spigots, ag = aggregate gland spigots, als = anterior lateral spin- 
nerets, cy = cylindrical gland spigots, fl = flagelliform gland spigots, ma-ap = major ampnUate gland 
spigot, mi-ap = minor ampnUate gland spigot, nn = nnbbin, pi = piriform gland spigots, pis = posterior 
lateral spinnerets, pms = posterior median spinnerets. 

Spinnerets 

See Figure 48 for a generalized Uliistration of araneoid spinneret and spigot 
location. 

Character 68. Gribellum: (0) present (Fig. 49-crb); (1) absent (Fig. 77-col). The 
spinning plate in front of the spinnerets is lost (Foelix, 1982, fig. 91a) or transformed 
into a cololus (e.g. Jlieridiosoma gemmosum, Fig. 77-col). 

Character 69. Anterior spinneret piriform bases: (0) normal (Fig. 66-pi); (1) reduced 
(Fig. 54-pi). (e.g. Tlieridula, Frontinella, Coddington (1989: figs. 31, 39), and Enoplognatha 
ovata, Fig. 54-pi). These theridiid codings are used for Theiidion. 

Character 70. Reduced piriform fields: (0) absent (Fig. 66-pi); (1) present (Fig. 
58•pi). The piriform spinning field is restricted to a narrow ribbon posteriorly (e.g. 
Cyrtophora; Coddington, 1989, figs 15, 19; Mecynogea leniniscata, Fig. 58-pi). 

Character 71. Posterior median spinneret paracribellum: (0) strobilate; (1) deinopoid; 
(2) absent. The posterior median spinnerets of cribellete spiders occasionally ha\'e 
cribellar-like spigots. If so, they have the usual form of most entelegyne cribellates 
(e.g. Dictyna arundinacea, Fig. 51-pa) or they are long, with slight, cup-shaped 
annulations (e.g. Deinopis, Coddington 1989: fig. 4; Uloborus trilineatus, Fig. 63-pa). 

Character 72. Posterior median spinneret ampuUate nubbins: (0) absent; (1) present. 
The posterior median spinnerets of nearly all spiders are equipped with one or more 
spigots (the minor anipuUates, Fig. 48•pms, mi-ap) that resemble the ampuUate 
gland spigots of the anterior lateral spinneret (Fig. 48•als, ma-ap). The manner in 
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Figures 49•52. Dktyita arundinacea, spinnerets of female. Fig 49. Left and right spinneret group. Fig. 
50. Anterior lateral spinneret, close-up. Fig. 51. Posterior median spinneret, close-up. Fig. 52. Posterior 
lateral spinneret, close-up. Abbreviations: ac = aciniform gland spigot(s), als = anterior lateral spinneret, 
crb = cribellum, cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, mi-ap = minor 
ampuUate gland spigot, pa = paracribellar gland spigots, pf = pseudoflagelliform gland spigot, pi = 
piriform gland spigot, pis = posterior lateral spinneret, pms = posterior median spinneret. 

which these spigots are replaced ontogenetically in successive instars is complex (Yii 
& Coddington, 1990). In basal araneoids, scars, or 'nubbins' of the subadult median 
minor ampiiUates are present in the adult stage (e.g. Mecynogea lemniscata, Fig. 59-nu; 
Gasteracantha cancriformis, Fig. 67-nu). The derived condition within araneoids is to 
lack any sign of minor ampuUate nubbins in the adult female (e.g. Tlwidula, Frontinella, 
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Figures 53•56. Euoplognatha ovata, spinnerets of female. Fig. 53. Left spinneret group. Fig. 54. Anterior 
lateral spinneret, close-up. Fig. 55. Posterior median spinneret, close-up. Fig. 56. Posterior lateral 
spinneret, close-up. Abbre\'iations: ac = acinrform gland spigot(s), ag = aggregate gland spigots, als = 
anterior lateral spinneret, cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, mi- 
ap = minor ampuUate gland spigot, pi = piriform gland spigot, pis = posterior lateral spinneret, pms = 
posterior median spinneret. 

Goddington, 1989, figs 31, 39; Enoplognatha ovata, Fig. 55). The theridiid codings are 
used for Tluridion. 

Character 73. Posterior median spinnerets with aciniform brush: (0) present (Figs 
59, 63, 67, 71, 75); (1) absent/reduced (Figs 55, 79). Some araneoids have multiple 
aciniform gland spigots on the anterior face of the posterior median spinnerets (Fig. 
48-pms, ac; e.g. Metepeira foxi, Fig. 75-ac). Few to no such spigots occur on the 
medians of theridiids, tetragnathids, theridiosomatids and linyphiids (e.g. Frontinella, 
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Figures 57•60. Alecyiwgea lemniscafa, spinnerets of female. Fig. 57. Left spinneret group. Fig. 58. Anterior 
lateral spinneret, close-up. Fig. 59. Posterior median spinneret, close-up. Fig. 60. Posterior lateral 
spinneret, close-up. Abbre\iations: ac = aciniform gland spigot(s), ag = aggregate gland spigots, als = 
anterior lateral spinneret, cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, mi- 
ap = minor ampuUate gland spigot, nu = nubbin; pi = piriform gland spigot, pis = posterior lateral 
spinneret, pms = posterior median spinneret. 

Goddington, 1989, fig. 40; Enoplognatha ovata, Fig. 55-ac). The theridiid codings are 
used for Tlieridion. 

Behaviour 

Character 74. Orb: 
architecture  known 

(0) absent; (1) present; (2) lost. Within Orbiculariae, the web 
as  the   'orb'   (i.e.  frames,  radii,   sticky spiral,   etc.   although 
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Figures 61•64. Uloborus trilineatus, spinnerets of female. Fig. 61. Pseudoflagelliform gland spigot and 
aciniform gland spigots on posterior lateral spinneret, close-up of white rectangle in Fig. 64. Fig. 62. 
Anterior lateral spinneret, close-up. Fig. 63. Posterior median spinneret, close-up. Fig. 64. Posterior 
lateral spinneret, close-up. Abbreviations: ac = aciniform gland spigot(s), als = anterior lateral spinneret, 
cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, mi-ap = minor ampuUate gland 
spigot, pa = paracribellar gland spigots, pf = pseudoflagelliform gland spigot, pi = piriform gland spigot, 
pis = posterior lateral spinneret, pms = posterior median spinneret. 

sometimes much modified) is primitive (Coddington & Le\'i, 1991). Outgroups to 
Orbiculariae (e.g. Dictynd), never spun orbs and, witliin Araneoidea, most families 
liave lost or modified the orb arcliitecture beyond recognition (e.g. Achaerama 
Griswold et al. in press). 
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Figures 65•68. Gasteracantha cancriformis, spinnerets of female. Fig. 65. Left spinneret group. Fig. 66. 
Anterior lateral spinneret, close-up. Fig. 67. Posterior median spinneret, close-up. Fig. 68. Posterior 
lateral spinneret, close-up. Abbreviations: ac = aciniform gland spigot(s), ag = aggregate gland spigots, 
als = anterior lateral spinneret, cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, 
mi-ap = minor ampuUate gland spigot, nu = nubbin, pi = piriform gland spigots, pis = posterior lateral 
spinneret, pms = posterior median spinneret. 

Character 75. Orb-web: (0) with sticky spiral; (1) without sticky spiral (e.g. Cytophorci). 
Character 76. Method of radius construction: (0) araneid-Iike; (1) uloborid-like; (2) 

cyrtophorine-Iike; (3) nepliUine-like. During radius construction, araneids cut and 
reel up tlie exit line as tliey return to tlie hub so that finislied radial lines are single. 
Uloborids leave the exit line in place, so their radial lines are doubled. Gyrtopliorines 
are similar to uloborids, but exit and return lines are distinct in the web. Nephilines 
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Figures 69•72. Cjclosa sp., spinnerets of female. Fig. 69. Left spinneret group. Fig. 70. Anterior lateral 
spinneret, close-up. Fig. 71. Posterior median spinneret, close-up. Fig. 72. Posterior lateral spinneret, 
close-up. Abbre\'iations: ac = aciniform gland spigot, ag = aggregate gland spigots, als = anterior lateral 
spinneret, cy = cylindrical gland spigots, fl = flagelliform gland spigot, ma-ap = major ampuUate gland 
spigot, mi-ap = minor ampuUate gland spigot, pi = piriform gland spigots, pis = posterior lateral spin- 
neret, pms = posterior median spinneret. 

also construct doubled radii, but attach at two points on the frame. See Eberhard 
(1982) for complete descriptions. 

Character 77. Non-sticky spiral in web: (0) temporary; (1) persistent. In some spiders, 
the non-sticky spiral is not removed when the spider lays down the sticky spiral (e.g. 
Nephilengys, Nephila, Cyrtophora, Alecynoged). 

Character 78. SS localization: (0) oLl; (1) iLl; (2) L4. During sticky spiral con- 
struction, the spider taps sideways with the outside first leg (='oLr) to locate the 
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Figures 73•76. Aletepeira foxi, spinnerets of female. Fig. 73. Left spinneret group. Fig. 74. Anterior 
lateral spinneret, close-up. Fig. 75. Posterior median spinneret, close-up. Fig. 76. Posterior lateral 
spinneret, close-up. Abbreviations: ac = aciniform gland spigot(s), ag = aggregate gland spigot, als = 
anterior lateral spinneret, cy = cylindrical gland spigots, ma-ap = major ampuUate gland spigot, mi- 
ap = minor ampuUate gland spigot, nu = nubbin, pi = piriform gland spigots, pis = posterior lateral 
spinneret, pms = posterior median spinneret. 

outer Sticky spiral segment ( = 'SS') in order to determine tlie spacing for the segment 
about to be attached to the radius. 'Outside' are tlie legs away from the hub, given 
the direction of the spiral. Derived araneoids tap forward with the inside first leg 
( = 'iLr); 'inside' are the legs towards the hub. The large nephilines extend the 
fourth leg ( = 'L4') downwards, and mo\'e directly from one SS attachment to the 



394 N. SCHÄRFT AND J. A. CODDINGTON 

Figures 77•80. Theridiosoma gemmosum, spinnerets of female. Fig. 77. Left spinneret gronp. Fig. 78. 
Anterior lateral spinneret, close-np. Fig. 79. Right and left posterior median spinneret, close-np. Fig. 
80. Posterior lateral spinneret, close-np. Abbreviations: ac = aciniform gland spigot(s), ag = aggregate 
gland spigots, als = anterior lateral spinneret, col = colnlns, cy = cylindrical gland spigots, fl = flageUiform 
gland spigot, ma-ap = major ampóllate gland spigot, mi-ap = minor ampuUate gland spigot, nn = 
nubbin, pi = piriform gland spigots, pis = posterior lateral spinneret, pms = posterior median spinneret. 

next (Eberhard, 1982: 1077, figs 2, 3 and 4). Araneus exemplifies the oLl behaviour, 
Leucauge (Tetragnatliidae) the iLl behaviour and Nephila (Tetragnathidae) the L4 
behaviour (Eberhard, 1982). 

Character 79. Low-shear SS lines: (0) absent; (1) present. In some taxa the joint 



ARANEID ORB-WEAVER PHYLOGEN\' 395 

between a sticky silk segment and tlie radius is especially weak and prone to break 
if contacted by prey (Stowe, 1986: 113) (e.g. Pasilobus). 

Character 80. Very sticky SS lines: (0) absent; (1) present. Some sticky silks are so 
adhesive (or so abundantly supplied with gkie) that a single SS line can hold large 
prey (Stowe, 1986: 118) (e.g. Pasilobus). 

Character 81. Extreme L4 combining: (0) absent; (1) present. The spanning thread 
(also called the bridge thread) of the future web is spun with extensive combing 
action of leg IV (Stowe, 1986: 128) (e.g. Pasilobus). 

Character 82. Ready posture at hub: (0) legs 1 and 2 flexed; (1) legs 1 and 2 
extended. When in a 'ready for prey' posture at the hub, most orb web spiders sit 
with the front legs arched or flexed (e.g. Moscona). Some orb-weavers, especially 
tetragnathids, sit with the front legs extended straight out in front (e.g. Tetragnatha). 

RESULTS 

Analysis 

Most parsimonious trees 
Over the course of the study we coded 71 \'ersions of the matrix, running each 

several to many times in order to explore thoroughly the structure and behaviour 
of the data. 

For the matrix of Table 3, using either the t; bb*, mh*; bb, or h; bb* search 
options the Hennig86 tree buffer overflowed at roughly 1364 trees of length 283 
(ci = 0.35; ri = 0.74). Probably if we had varied taxon input order suíficienúy, 
Hennig86 would ha\'e found the shorter trees, but we did not pursue that problem 
for this version of the data. Certainly the tree-finding abilities of Hennig86 alone 
were severely taxed and frequently defeated by this matrix. Using the closest addition 
strategy, TBR branch swapping, and a very large tree buffer, PAUP found 16 trees 
of length 282 (ci = 0.35; ri = 0.74). The 'bb*' branch swapper of Hennig86 applied 
to the PAUP solution set found no additional trees, but no combinations of search 
routines in Hennig86 found these trees by themselves. Using empezar and max*, 
NONA found 12 trees of length 282 under both the 'amb-' and 'amb = ' options, 
all of which were identical to the trees found by PAUP and Hennig86. The disparity 
in number results from a more strict definition of 'support' in the former as compared 
to the latter two programs (Goloboff", 1993a; Goddington & Scharff", 1995). When 
the 16 tree solution set was filtered for compatible but polytomous topologies (using 
the "Do not retain a polytomous tree for which a more highly resoh'ed compatible 
tree exists" option in PAUP), eight trees resulted (all of which still retained one 
trichotomy involving i\ifl;^ora). These eight trees represented all possible combinations 
of two placements each for Meta, Larinia, and Dolophones. 

To find all 'islands' of most parsimonious trees for this data set (Maddison, 1991), 
we used the 'mult' procedure in NONA to perform several runs of randomized 
addition sequence searches (again under the 'amb-' option). With 'hold' at 200, 
46 of 400 searches found only the known 12 (or 16) tree island; 'amb = ; max*' 
again found no additional trees. In PAUP 26 of 400 randomized addition sequence 
searches reco\'ered only the previously known 16 (or 12) tree island. These results 
suggest that the single island found by NONA and PAUP, and corroborated by 
Hennig, represents all most parsimonious trees for these data. 
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Meta  Larinia. 

Figure 81. Summar)' topology of the eight most resolved most parsimonious cladograms showing 
alternati\'e placements of Aleta, Lanuia, and Dolophones. Tree length 282, equally weighted data from 
Table 3. 

Earlier in the analysis and before the matrix was completely scored for all taxa, 
the argiopine and cyrtarachine clades occasionally jumped from the gasteracanthoid 
to the araneine side of the tree, depending on taxon and character inclusion/ 
exclusion and variations in character coding. Subsequent additions of taxa (e.g. 
Anepsion, Arachnura, Archemoriis, Arkys, Chorizopes, Hypogiiatha, and Dolophones) stabilized 
the position of these subfamilies with gasteracanthoids if data were equally weighed, 
but the e\'idence favouring either placement is sparse, debatable, and almost evenly 
balanced. 

This matrix was and remains sensitive to inclusion or exclusion of characters and 
taxa. Obtaining robust results on 70 taxa from 89 informative comparisons will 
always be rather unlikely for most normal data sets (Sanderson & Donoghue, 1989), 
so the instability of these data is not surprising. The matrix contains too many taxa 
and too few characters, but post-hoc selection of taxa to delete from the ingroup is 
difficult to justify. Throughout the course of the analysis, experimental deletion of 
taxa and characters sometimes resulted in as few as three trees, but more often 
resulted in as many or more trees. 

Tree choice 
The final stage of analysis were directed toward identifying one or a few topologies 

from the set of most parsimonious trees on which to optimize characters and examine 
their evolution. 

As noted abo\'e, the 16 most parsimonious trees differed in three respects. Meta 
and Larinia each had two, and Dolophones four possible placements, which in all 
possible combinations generated the 16 trees found by PAUP/Hennig86 (2 x 2 X 4). 
Two of the Dolophones placements were merely less resolved versions of the other 
two completely resoh'ed solutions. Eliminating all the compatible but polytomous 
topologies for the reasons explained in Methods and in Coddington & Scharff (1996) 
left eight truly different trees. 

Figure 81 depicts the differences between these eight most resolved most par- 
simonious trees. Rather than publishing the strict consensus, which, due to the 
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jumping behaviour oí Laiinia, would bluntly collapse many araneine nodes distal to 
Acanthepeira into a 14•tomy, we simply indicate the alternative placements for 
Dolophoms, Aleta, and Larinia. 

To narrow the choice of phylogenetic hypotheses further, we used successive 
weighting in PAUP (líase weight 1000 on the maximum rescaled consistency index 
with values rounded rather than truncated) to obtain four trees stable to the re- 
weighting procedure. At each cycle of character re-weighting, we filtered the solution 
set to exclude compatible polytomous trees, for the reasons explained in Methods. 
With weights returned to unity, all four trees were 285 steps, three steps longer than 
the minimal length equally weighted solutions. ^Vhen filtered to remove compatible 
polytomous topologies, only two trees remained, which differed between themselves 
only in the placements oï Dolophones. 

The successively weighted topologies differed from the equally weighted results 
in se\'en respects. First, all successively weighted topologies placed Aleta with Nephila- 
Nephilengys. The equally weighted results allowed that placement but equally well 
put Aieta as sister to the Leucaiige-Tetragnatha clade. Using a larger selection of taxa 
and characters (including beha\'ioral characters unavailable for most araneids). 
Hormiga et al. (1995) also found the Leiicaiige-Tetragnatha placement. Because their 
analysis directly targeted tetragnathid phylogeny, we accept the latter placement. 
This eliminated the four topologies that placed Atleta with JVephila-Mphikngys, and 
left four equally weighted trees. 

Second, the equally weighted results specified two placements for Larinia, one as 
sister to Singa, and one as sister to Araneus-Aculepeira. The successively weighted 
results agreed with the latter. The character e\'idence for either choice is not decisive 
(see below), and so we eliminated both Larinia-Singa topologies from the remaining 
four equalled weighted trees, lea\'ing two trees. 

Third, both the equally and the successively weighted results offered two placements 
for Dolophones, one as sister to the Hypsosinga clade plus remaining araneines, and 
one as sister to AjiepsioJi plus remaining araneines. The former resolution requires 
two gains and a loss of the paramedian apophysis {18), whereas the latter allows 
one gain and two losses. We prefer the second explanation because it preserves 
liomology of the paramedian apophysis (in this region of the tree) and allocates 
liomoplasy to secondary loss. 

In sum, comparison of the equally and successi\'ely weighted trees, consideration 
of other research results, and preference for preserving homology of complex 
characters thus leads us to prefer just one of the eight most resolved most parsimonious 
equally weighted trees (Fig. 82) as the working hypothesis for araneid phylogeny. 
We ha\'e optimized all characters on that tree (Figs 83-87). We used successive 
weighting to pick among resolutions of subclades, rather than whole topologies, a 
logical extension of the use advocated by Carpenter ( 1988) when areas of disagreement 
are independent of each other. These two hypotheses (the successively weighted 
versus the equally weighted) agree in nearly all respects, in fact, on 62 of the 66 
possible nodes for a 70-taxon problem that contains two trichotomies (at the root 
and in\'olving A/langord). The four contested nodes are contrasted in Figure 88, and 
require a net cost of three extra steps in the weighted solution. 

In the weighted tree, the 'argiopine clade' and Cyrtarachninae jump from the 
'setal base clade' to the araneine side of the tree, and the genus Chorizopes also 
shifts into the gasteracanthoids. Within gasteracantlioids, the Hypognatha clade and 
Encyosaccus shift slightly on the weighted tree. Throughout this analysis, the placement 
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Figure 84. Glade 14- with characters optimized on subtree including 'argiopine clade'. 

of Cyrtarachiiinae and/or the 'argiopine clade' with araneines appeared occasionally 
as alternative or near-parsimonious solutions, and so one must conclude that this 
arrangement of major clades of Araneidae is a strong possibility. In fact it costs only 
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clade'. 

•i. 

/ «5" 

i» 

ff     ^ 

• ' 23-1 
~    • 31-1 

+ 61-T • 45-1 

••11-1 24-1 . .  1S-1 
28-0 

48-1 

•CO- 

Î 
Fig.87 

-QH 

-©- 

-&- 

^ 28-1 

17-1 
22-1 
SO-O 

86 
Figure 86. Glade 41 with characters optimized on subtree including 'Hypsosinga clade'. 



ARANEID ORB-WEAVER PHYLOGEN\' 401 

^'   .¿? Sf i> 

o^'^ // /   / / /   / / o^  / -^  •^^" -*   "^   -^  -^^   ^' ^     T     ^     ^     ^     -^     V 

• .ano 

••.(11       ...111      . .:ííí-I 

CIHJ^' 
<a. 

87 
Figure 87. Glade 52 with cliaracters optimized on subtree including 'higher araneines'. 

one net step on the equally weighted tree, although several characters change length 
as a consequence. 

Altogether, seven characters fit the weighted tree worse than the unweighted tree: 
the lobed conductor (5), the female scape {28}, the sustentaculum (4(7), the hirsute 
versus glabrous carapace (41), the female abdomen shape (42), sexual size dimorphism 
(61), and the resting posture on the web (82). Four characters fit it better: the male 
carapace shape {43), the enlarged female cephalon {47), the high cephalic height 
{48), male abdomen shape (55), and the modified gasteracathine setal bases {67). In 
general, it is not possible to specify which change in the tree causes (or is caused 
by) which change in length because they interact. Overall, howe\'er, the characters 
that fit the weighted tree better concern gasteracanthoid relationships, and the ones 
that fit it worse are not particular to any subgroup of araneids. 

In sum, with respect to the weighted topology, the successive weighting procedure 
corroborated 62 of the 66 nodes in Figure 82 that were free to \'ary in the analysis. 
It suggested a few differences, but at fairly high cost. The characters responsible for 
the differences, and that received higher weight, are not obviously 'better' characters, 
although they do tend to concern gasteracanthines and their relatives. Insofar as 
the gasteracanthoid arrangement in Figure 88 is perhaps a 'better' explanation of 
features most prevalent in that clade, it should be investigated further in future work 
on gasteracanthine phylogeny. 

Character evidence for major clades 

Detailed diagnosis and justification of all nodes for Figure 82 are presented in 
the Appendix, but here we tabulate the e\'idence for major clades (subfamilies) of 
Araneidae. In Table 3 we also list for each character on Figures 83•87 the number 
of steps, the consistency index, the retention index, and the post hoc weights (see 
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in gray) where they differ from the equally weighted trees. Tree length is 285. 

Methods) assigned to it by tlie siiccessi\'e weigliting procedure. Tlie latter statistic is 
an additional measure of concordance and fit in the data. 

Four characters support the monophyly of Araneidae (clade 13): tlie mesal position 
of tlie cynibium (5), the radix (76), the wide separation of lateral eye groups from 
the medians {50), and the narrow posterior median eyes tapetum {52). The monophyly 
of Araneidae apart from Chorizopes (clade 14) is supported by the presence of a 
sustentaculum {40), and by the grooved booklung co\'er {64). 

Araneinae (clade 41) is supported by two characters: male femora with tubercles 
{3) and the presence of a scape {28). 

Three characters support the monophyly of Argiopinae (clade 20): the presence 
of a threadlike spur on the median apophysis of the male palp {12), the reduced 
canoe-shaped tapetum of the posterior lateral eyes {53), and the procur\'ed posterior 
eye row (5-^. 

Four characters support the monophyly of Cyrtophorinae (clade 19): embolus 
anticlockwise direction {24), piriform fields of anterior spinnerets reduced {70), web 
without sticky sUk {75), and iion-sticky spiral left untouched {77). 

The subfamily Cyrtarachniiiae (clade 23) is supported by two behavioral characters: 
the very sticky SS lines {80) and the extreme L4 combing {81). 

The subfamily Arciinae (clade 28), formerly placed in Mimetidae, is supported 
by five characters: the loss of the radix {16), the procurved posterior eye row {54), 
the double row of abdominal sigUlae {57), the unique triangular abdominal shape 
{59), and the lost orb-web {74). Three characters support the monophyly oíHypogiiatha 
and Arciinae (clade 27): Male carapace shape wide {43), male and females of equal 
size (size dimorphism lost) {61), and reduced aciiiiform gland spigot brush on 
posterior median spinnerets {73). 

Six characters support the classic, mainly Old ^Vorld Gasteracanthinae (clade 
34): macro-setae on male palpal patella lost {4), paramediaii apophysis present {18), 
male carapace of characteristic 'gasteracanthine' shape {43), male abdomen star- 
shaped {59), female abdomen with three pairs of spines {62), and spiracle sclerotized 

The classic new world subfamily Micratheninae (clade 29) is supported by four 
characters: female cephaloii reversed to normal shape (as opposed to high and 
broad) {47, 48), sclerotized ring around spinnerets {65), and a sclerotized spiracle 
{66). 
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In summary, with respect to character support, seven classically recognized 'core' 
lineages of araiieids are corroborated by both weighted and equally weighted data: 
Gyrtophorinae, Argiopinae, Cyrtarachninae, Arciinae, Gasteracanthinae, Micra- 
theninae, and Araneinae. Results at the tribal level are discussed below. 

DISCUSSION 

Methodology 

At times during this study, earlier versions of this data matrix yielded in excess 
of 60 000 most parsimonious trees. The improvement in resolution and decisiveness 
in this version seems mainly to ha\'e been due to inclusion of about a dozen more 
araneid genera (mainly paleotropical), and the new characters they offered, as well 
as the decision to discard a few characters of ambiguous definition that seemed to 
fit no tree well (see below). 

However, we also had to de\'elop some novel (at least to us) analytical techniques 
and theoretical perspecti\'es to process this large and unwieldy data set. Perhaps the 
most important was the realization that polytomous cladograms are often more 
trouble to consider than they are worth in this sort of analysis (Coddington & 
ScharflF, 1996). Of even more fundamental importance was the realization that when 
commonly available software is used to analyse matrices like this one (i.e. many 
taxa, few characters, many poorly or ambiguously supported nodes), a substantial 
fraction of the trees in the solution set will contain zero-length branches, and 
therefore should be discarded (Coddington & Scharff, 1995). 

Successive weighting is another way to choose among equally parsimonious trees. 
All too often, however, the successively weighted result is a few steps longer than 
the equally weighted solution set. In these cases, the character support for all 
topological differences must be carefully checked to see if it is sensible. In our 
experience, successive weighting can easily down-weight complex, objecti\'ely de- 
finable homologies that ha\'e been meticulously examined to favour data with many 
missing entries or that are simply not so clearly defined. That successive weighting 
should beha\'e in this way is not particularly surprising. Algorithms lack judgment. 
The successively weighted results for this matrix were at best three steps longer on 
the original data. We were therefore less inclined to take its advice than if it had 
produced minimal trees. 

We also found it useful to avoid the use of strict consensus trees. The solution set 
of 16 most parsimonious trees presents nearly a 'bush' among araneines if a strict 
consensus tree is computed. If we had simply accepted such results at face \'alue, 
much phylogenetic structure that was common to all trees would ha\'e been missed. 

The probability of independent ambiguous regions in data sets must increase with 
the size of the data set. If so, running larger and larger data sets wUl lead inexorably 
to incomprehensibly large numbers of trees, even though the logical phylogenetic 
problems generating them may be relati\'ely simple and few in number. On the 
other hand, poor taxon sampling is probably the single biggest sources of variation 
in cladistic results; it provides a powerful motive to include as many taxa as possible. 
The analysis of large data sets created to estimate the phylogeny of stUl larger groups 
thus raises numerous methodological issues. The older literature of phylogenetic 
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systematics did not anticipate this problem. Maddison et al. (1984) argued strongly 
for 'global parsimony', by which they meant that unless all taxa and all characters 
relevant to a question were considered within the same data set, most parsimonious 
solutions might escape the analysis. An important design consideration for new 
algorithms has been capacity and speed (Platnick, 1989b). Our experience with this 
data set suggests that this approach will ultimately faü. In the limit, independent 
regions of topological ambiguity interacting multiplicatively will defeat any search 
for all permutations of most parsimonious solutions for each region. In any case 
such a brute search is not very interesting. Except for the purpose of consensus 
procedures that use relative frequency of topological variants (such as majority-rule 
trees), one does not need to compute all permutations in order to obtain the most 
commonly used consensus solutions. 

No currentiy available computer could perform an effective analysis on the 2600 
araneid species already known to exist. 'Global' parsimony may remain a logical 
criterion but it is unlikely to be the basis of an effective search strategy. An obvious 
alternative is to perform complete analyses at lower taxonomic le\'els. Groundplan 
character state vectors could then be inferred at the basal nodes of component 
groups, and these inferred groundplan descriptions could serve as terminal taxa in 
a higher level analysis. This approach assumes (1) that the lower-level analysis yields 
one preferred tree: (2) that enough characters can be unambiguously optimized to 
the root to make the method worthwhile, and (3) that the juxtaposition of new 
outgroups to the groundplan \'ectors in the larger analysis wul not require their 
revision. 

Finally, we have made it clear that multiple most parsimonious, and many more 
nearly parsimonious hypotheses for these data exist. Nevertheless, we feel that it is 
better to recommend a detailed hypothesis, i.e. one preferred tree, than to be 
'conservative' by simply publishing a consensus tree, or, worse, the majority rule 
consensus tree of bootstrapped, jacknifed, or otherwise permuted morphological 
data. One thousand trees is not a solution, and neither is an unresolved polytomy. 
While the phylogeny presented here may soon require revision, its very specificity 
should bring about such revision more quickly. 

Phylogeny ofAraneidae 

Figures 81-87 summarize the results of this analysis. We first discuss the coarse 
phylogenetic structure ofAraneidae, and then consider selected clades. 

This analysis suggests for the first time two major lineages of araneids•essentially 
the classical subfamily Araneinae (including ^ygiella) and its sister taxon, which 
appears to be all other araneid subfamilies (including Arkys and Archemorus), and 
which we call the 'argiopoid clade'. We refrain from formally naming this lineage 
because this region of the cladogram is not particularly stable and considerable 
violence to traditional subfamily concepts and novel categories would be required 
in order to recognize a rank between family and subfamily. 

The cladogram at the level of classical subfamilies is fairly stable. Simon (1892•5) 
di\'ided his Argiopinae (roughly equivalent to modern-day Araneidae) into a number 
of small tribes, each holding less than 10 genera (Table 1). Some of the names of 
Simon's tribes have been used to form modern subfamily names (e.g. Argiopeae• 
Argiopinae, Cyrtophoreae•Cyrtophorinae, Araneae•Araneinae, Gasteracantheae• 
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Gastercantliinae, Micratlieneae•Micratlieiiinae), but many of the names have been 
more or less dropped from modern usage. If we compare the result of this analysis 
with the groupings originally suggested by Simon, many of his groupings sur\'ive, 
but some are radically changed. 

At the tribal level (Table 1) the monophyly of Cyrtarachneae is confirmed. Three 
tribes are seriously polyphyletic (Gycloseae, Micratlieneae, Anepsieae), Araneae is 
paraphyletic, and Mangoreae could be monophyletic. The monophyly of seven 
monotypic tribes is moot, because monotypic taxa are tri\'ial as groups (Arachnureae, 
Gaerostreae, Xylethreae, Dolophoneae, Testudinareae, Urseae, and Hypogiiatheae). 
As more araneid genera are analysed cladistically, they may be placed in these 
monotypic tribes, at which point the names would serve a grouping function. Finally, 
although five other tribes (Bertraneae, Exechocentreae, Gelaeneae, Ghorizopeae, 
and Poltyeae) do contain more than one genus, we were not able to include enough 
taxa in this study to test them. 

Where appropriate, we also comment on whether these higher araneid taxa as 
identified by morphological criteria are also distincti\'e or coherent biologically•that 
is, whether the members of the group spin the same sorts of webs, have distinctive 
apomorphies of beha\dour or habit, etc. 

Arciinae mid Eurycorminae 
Simon (1892•5) placed the genera Arkys and Archemorus (Old ^Vorld genera) in the 

subfamily Arciinae and Hypognatha (New^Vorld genus) in the subfamuy Eurycorminae 
(Table 1). Simon placed all three genera in Araneidae, but made a note (p. 898) 
saying that he had originally intended to place Arkys in Mimetidae, but later changed 
his mind. Simon (p. 898) suggested a close connection between Arkys, Hypognatha, 
and Dohphones. Subsequent authors have been divided over the placement oï Arkys 
and Archemorus and silent as to the placement of Hypognatha and Dolophones. Thus 
Roewer (1942), Bonnet (1945-61), Ghrysanthus (1971) and Brignoh (1983) placed 
Arkys and Archemorus in Araneidae. Heimer (1984) transferred both genera to the 
famuy Mimetidae, a placement supported by the complex paracymbium of the male 
palp, a supposed cooperation between the paracymbium and the median apophysis 
of the male palp, and the lack of a conductor (Heimer, 1984: 158). Davies (1988), 
in her guide to Australian orb-weaving spiders, suggested a 'tentative' placement in 
the subfamily Metinae of the family Tetragnathidae. In a recent review of the 
mimetid spiders of Ghile, Platnick & Shadab (1993) reported the presence of 
aggregate gland spigots on the posterior spinnerets oï Arkys, and thereby excluded 
them from Mimetidae. Most araneoids still retain aggregate and flagelliform spigots 
(Fig. 72). In this analysis, both weighted and equally weighted trees had 
Arkvs+Archemorus firmly nested within the argiopoid clade and always as sister to 
Hypognatha. Simon's initial ideas about a close relationship between Arkys+Archemoms 
and Hypognatha are thus confirmed in this study. 

Biologically, however, Arciinae and Eurycorminae are \'ery different. Hypognatha 
makes a widely spaced, delicate, vertical orb-web. It is unknown whether they are 
primarily day or night acti\'e. Arkys and Archemorus spin no web at all (or \'ery little), 
and apparently are sit-and-wait predators, much in the style of crab spiders (Heimer, 
1984; Main, 1982). 

Tetragnathidae 
The tetragnathids (Fig. 83) were analysed by Hormiga et al. (1995) who included 

a much larger set of taxa and characters relevant to tetragiiathid phylogeny. Our 
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analysis supports the findings of Hormiga et al. (1995), but is ambiguous on the 
placement of Aleta within Tetragnathidae. Like Hormiga et al. (1995), we have 
substantial evidence that Aleta is not an araneid, contraiy to what some authors 
have claimed. Forcing Aleta to join Araneinae costs 7 extra steps (e.g. as sister to 
clade 41, Fig. 82). 

Argiopinae 
The monophyly of Simon's Argiopeae {Ajgiope and Gea) is supported by this 

analysis (Fig. 84). The argiopines were recently re\'ised by Levi (1983), who added 
the genus Neogea to the group and demonstrated the monophyly of the three genera. 
However, Levi (1983) and Levi & Coddington (1983) considered Argiopinae to be 
sister to the rest of Araneidae. Using MacClade and its primitive branch-swapping 
routine to re-arrange taxa, this alternative would be four steps longer than the tree 
in Fig. 82. Levi (1983) used the presence of a radix in Gea and Argiope as a 
synapomorphy for the two genera, but outgroup comparison to the rest of the 
araneids shows that a radix is plesiomorphic and therefore cannot be used to indicate 
relationship. In contrast, the lack of a radix in Neogea is an autapomorphy for this 
genus. One other character [19) supports the monophyly oï Argiope + Gea. The radix 
instead emerges as a synapomorphy for all of Araneidae, subsequently lost in Neogea, 
Caerostns, Aspidolasius, and in Arciinae. Both weighted and equally weighted trees agree 
on the sister-group relationship between Argiopinae and Gyrtophorinae, but the 
weighted analysis places the 'argiopine clade' together with cyrtarachnines as a 
sister-group to Araneinae (see section on tree choice). Since the cost of this mo\'e is 
only one step, this sister-group relationship is a possible alternati\'e and should be 
considered further in future analyses of Araneidae. 

It is also interesting to note that the biology of Argiopinae, as far as is known, 
seems coherent. Argiopeae tend to be diurnal, conspicuous (to humans, at least), 
sun-lo\'ing, brightly coloured, weavers of classic orbs that usually sit at the hub and 
have a strong tendency to decorate their webs with stabilimenta. 

Gyrtophorinae 
Simon (1892-5) established a separate tribe, Gyrtophoreae, for Aiecynogea and 

Cyrtophora. Since then, most authors have placed the genera in separate subfamilies, 
though few agreed on which subfamilies. Gomstock (1912a) placed Aiecynogea (then 
Hentzia) in Metinae (Tetragnathidae). Petrunkevitch (1928) placed Aiecynogea in 
Argiopinae and Cyrtophora in Araneinae. Le\'i (1980b) placed Aiecynogea in Araneinae. 
Eberhard (1982) placed Cyrtophora in Simon's Mangoreae (see Table 1). Roewer 
(1942) plcLced Aiecynogea in Argiopinae and Cyrtophora in Simon's Gyrtophoreae. Based 
on the deri\'ed location of piriform spigots (Fig. 58•pi) and other characters, 
Goddington (1989) suggested the monophyly oi'A'lecynogea+ Cyrtophora and this study 
also corroborates the monophyly of Simon's Gyrtophoreae. 

The biology of Gyrtophorinae is extremely uniform. Their web architecture (a 
horizontal, very tightly woven mesh with an extremely tight, permanent non-sticky 
spiral) is diagnostic, and, like Argiopinae, they are diurnal, brightly coloured, and 
tend to stay at the hub, albeit protected by some sort of constructed and concealing 
retreat. 
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Cyrtarachninae 
Simon (1892-5) established the tribes Glyptocranieae to hold the bolas spiders 

[Dicrostichus, Agathostichus, Mastophora {= Glyptocra?iium), Cladomelea and Ordgarius) and 
Cyrtarachneae to hold Pasilobus, Paraplectana, and Cyrtarachne. Mello-Leitäo (1931) 
established the alternati\'e name Mastophoreae for Glyptocranieae and this name 
was subsequently adopted by Roewer (1942) and Gertsch (1955). Eberhard (1980), 
Robinson (1982), Stowe (1986), and Yeargan (1994) agree that Cyrtarachneae and 
Mastophoreae are sister groups. We used the same e\'idence these authors marshalled 
to place these tribes in this cladogram. These data support the monophyly of 
Cyrtarachneae and the sister-group relationship to Mastophoreae. It seems worth- 
while to recognize the relation formally at the subfamily level. Stowe (1986) also 
tentatively suggested that Kaira, which also uses aggressive chemical mimicry to 
attract prey, had evolved this specialization independently. Our results confirm this 
idea fairly strongly. Kaira seems to be an araneine spider. It cost six steps for force 
Kaira to join cyrtarachnines. In contrast, Simon (1892•5: 881) thought Mastophoreae 
to be 'intermediate' between Cyrtarachneae and Poltyeae [Kairo). 

The biology of Cyrtarachninae is fairly coherent. There is a strong tendency 
towards web reduction, compensated, apparently, by the evolution of aggressi\'e 
chemical mimicry (re\'iewed by Stowe, 1986; Yeargan, 1994). 

Gasteracanthinae and Micratheninae 
The monophyly of spiny orb-weavers (Fig. 85) is one of the most contro\'ersial 

topics in araneid phylogeny. Simon (1892-5) di\'ided the spiny orb-wea\'ers into two 
separate groups, and authors have been divided on this topic e\'er since. Simon's 
Gasteracantheae included Gasteracantha, Encyosaccus, Aiacracantha and Isoxya (largely 
Old World), which according to our results is polyphyletic (Ijy including Encyosaccus). 
Micratheneae included Micrathena, Chaetacis and Pronous (largely New World), which 
would also be polyphyletic according to our results (by including Pronous). Dahl 
(1914) followed Simon in separating the New and Old World spiny orb-weavers 
into two groups, but he was silent on the relationships between these groups or to 
other araneids. Roewer (1942) divided the spiny orb-weavers into four groups 
(Gasteracantheae, Xylethreae, Tecmessae and Micratheneae) and placed Ejicyosaccus 
in Gasteracantheae. His Micratheneae included Chaetacis, Alicratliena, Enacrosoma, 
Ildibaha { = Micrathena), Pronous and Pronoides. Emerit (1972) followed Roewer, placing 
Encyosaccus in Gasteracanthinae and Micrathena, Chaetacis and Ildibaha in Micra- 
theninae. None of the authors presented any characters to support their suggested 
groupings. 

In our analysis, the 'gasteracanthines' were remarkably stable as a group, and 
none of the proposed groupings suggested by earlier authors are monophyletic. 
They are all paraphyletic in lacking Caerostns and Aspidolasius, and se\'eral are 
polyphyletic by incorporating taxa from distant lineages (e.g. Enacrosoma, Pronous, 
Chthonos {=Tecmessa) and Pronoides). Chthonos, for example, is a theridiosomatid 
(Coddington, 1986b). 

Based on Figure 82, one can recognize two stable, monophyletic groups of spiny 
orb-weavers (clades 30 and 34), equivalent to micrathenines and gasteracanthines. 
Both weighted and equally weighted trees support a monophyletic Micratheninae 
including the genera Xylethms, Aiicratliena, and Chaetacis. Levi (1985) justified the 
monopoly of Chaetacis by the presence of humps on the céphalothorax, and the 
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monophyly of Micrathena and Chaetacis together by various characters, but he did 
not justify the monophyly oï Micrathena apart from Chaetacis. It is possible, therefore, 
that Micrathena is paraphyletic with respect to Chaetacis. If so, Chaetacis is just a derived 
species group oí Micrathena. That problem aside, we prefer not to include Encyosaccus 
formally in the subfamily Micratheninae, since this placement is not supported by 
the weighted analysis (Fig. 88). Both weighted and equally weighted analyses also 
support a monophyletic Gasteracaiithinae including the genera Gastroxva, Augusta, 
Macracantha, Isoxya, Austracantha, Togacantha, Gasteracantha, and Aetrocantha. Based on 
the equally weighted analysis, the definition of the subfamily Gasteracanthinae could 
be extended (clade 32) to include the 'bark mimic' spiders (clade 33; Caerost?is and 
Aspidolasiiis). This is, however, not supported by the weighted data (see Fig. 88). 
When comparing the preferred weighted and equally weighted trees using the 
command 'compare' in NONA, characters {43, 47, 48, 59 and 67) referring to 
gasteracanthoid relationship receive a higher 'fit' on the weighted tree. As mentioned 
above (under Tree choice), future work on the gasteracanthoid relationship should 
therefore pay attention to the gasteracanthoid topology in the weighted analysis 
(Fig. 88). 

None of the analyses support the monophyly of a united spiny orb-weaver clade 
in the strict sense (Gastercanthinae + Micratheninae), but we prefer to withhold 
further judgment until the spiny orb-weavers have been analysed in greater detail 
(Scharff, in prep.). The problem is now better defined; it involves just gasteracanthines, 
micrathenines, arciines, and the 'bark mimics' {CaerostriscLndAspidolasius). In particular, 
there seems to be no need to hypothesize rampant simplification of male genitalia 
(Le\'i, 1978: 13). Promus and Enacrosoma apparently are not at all closely related to 
spiny orb-wea\'ers or other argiopoid taxa. 

Nevertheless, the biology of Gasteracanthinae and Micratheninae, so far as known, 
is similar. These animals usually spin taut, strong orbs with closely spaced sticky 
spirals, which Craig (1987) has termed 'high-impact' webs. The animals themselves 
are strictly diurnal and favour rather conspicuous web sites (again, to humans), and, 
compared to other araneids, are rather slow-moving predators. Biogeographically, 
it is interesting to note that Micratheninae are largely New World inhabitants, and 
Gasteracanthinae largely Old World inhabitants. Considering the early Cenozoic 
age of many spider genera (Wunderlich, 1986), the Gondwanian breakup should 
have affected this clade. The close, if not sister-group relationship between these 
clades may reflect this pattern. 

Araneinae 
Simon (1892-5) included few genera in his Araneae {Araneus, Eriophora, ^vgiella, 

Actinosoma and Scoloderus), but a bewildering number of species \n Araneus. It is perhaps 
ironic that paraphyly and polyphyly should so afflict Araneidae and Araneinae, and 
Araneus as well. The subfamuy and the genus have always been dumping grounds 
for taxa that could not be assigned to other subfamilies. Petrunkevitch (1928) assigned 
100 genera to this subfamily and Brignoli (1983) 129 genera. Levi (1968•92) has 
done much to soK'e this problem by defining monophyletic groups and pointing out 
alternative placements of genera (Levi, 1980a, b, 1983, 1985, 1986a; Levi & 
Coddington, 1983). 

Although the Araneinae as represented in this analysis also contain some odd 
genera (e.g. Kaira and Scoloderus), this group of spiders includes the 'typical' araneids: 
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largely nocturnal, active, fast predators (e.g. Erioplwrd) and spinners of conventional 
orb-webs. Simon (1892-5) clearly thought so too, as he stuffed nearly the entire 
subfamily into one genus, Araneus. Their gross morphology is fairly uniform as 
regards modifications of legs, abdomens, and cephalothoraces, but the male and 
female genitalia are the most complex of the family, and rival anything else known 
in spiders (Comstock, 1910). The overall structure of their orbs, compared to the 
rest of the family, is fairly typical with moderate numbers of radii and spirals inclined 
somewhat from the \'ertical. At this stage of its delimitation, Araneinae is certainly 
the most speciose subfamily of Araneidae, and it is not difficult to point out exceptions 
to any of these generalizations. Cyclosa webs are tight meshed and almost always 
vertical. Acacesia spins among the tightest sticky spirals for any spider of its size, 
usually at an incline from the vertical. The elongate, vertical ladder webs of Scolodems 
are bizarre (Eberhard, 1975). Eustala is a large genus and its webs, what little is 
known of them, are astonishingly diverse (Eberhard, 1975, 1985a). During the day 
araneines usually rest in a camouflaged retreat away from the hub. Many genera 
make use of some sort of signal line that connects the retreat to the hub, although 
araneines among araneids are not the only orb-weavers to do so. ^giella, which 
spins an orb with sectors missing on either side of the signal line, is an extreme 
example. The signal line is a good example of another behavioral feature that may 
be phylogenetically informative once its distribution is better known. 

Basal and distal araneines 
Our data identify a heterogeneous group of 'basal' araneines including Scolodems, 

Acanthepeira, the 'Hypsosinga' clade (itself including ^vgiella), and Dolophones, which can 
be contrasted with a more homogeneous distal lineage of araneines in the strict 
sense. In general, the basal nodes in Araneinae have more character support in this 
analysis than distal nodes (Figs 86, 87). Both the 'hairy carapace clade' (clade 42) 
and the 'terminal apophysis clade' (clade 43) are each supported by three characters. 

Simon's Araneae (Table 1) is paraphyletic with respect to his Mangoreae, 
Gycloseae, and Bertraneae. We did not include Spinthaiidus, and so cannot comment 
on the monophyly of Bertraneae. Howe\'er, Mangoreae and Gycloseae, as Simon 
circumscribed them, could apply to higher groups of Araneinae. Gycloseae is 
polyphyletic by inclusion of Witica (which these data suggest is an argiopoid), but 
with Witica transferred, Gycloseae could apply to a group of araneine genera. Glade 
53 (including Cyclosa, Araniella, Eriophora, and Verrucosa) would be one choice if it 
holds up with further study, but the only support for it is gain of the conductor lobe 
(5), which is subsequently lost in Eriophora. Simon's Mangoreae (Table 1) is not 
demonstrably paraphyletic or polyphyletic by our data [Spilasma was not included 
in this study), and Mangoreae could be applied to the smallest group including all 
of the classical Mangoreae. This would be clade 56 in Figures 82 and 87, supported 
by a gain of the 'subterminal apophysis'. However, the homology of this sclerite is 
still far from certain. 

We hesitate to recognize any subdivisions within distal araneines, even informally, 
as nodes within this lineage have less character support than any other major 
lineages. Gonsequently, we saw bewildering numbers of alternative topologies of 
araneines during previous runs of slightly different data sets (both in terms of 
characters and taxa). It is worth noting, however, that the topologies of the equally 
weighted and the weighted analysis are the same. Few clades, and no large ones. 
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in the distal part of the araneines are supported by more than a single character 
(Fig. 87). Three pairs of genera consistently appeared, howe\'er, in almost all analyses. 
Aculepeira-Aramus are supported by the modified second male tibia (7) and the bifid 
prong of the median apophysis {11). Eriophora-Venucosa are supported by the very 
elongate scape {29). Wixia-Acacesia are supported by the large fork of the median 
apophysis {14) and by the stout setae on the male fourth coxae and trochanters {32). 
Beyond these small groups, and the general observation that in most analyses 'distal' 
araneines stayed distal and 'basal' araneines remained cladistically basal, there was 
little cladistic stability within Araneinae. Future ^vork could profitably take just this 
subfamily, use Acanthepeira or Scolodenis as a root, code various genital characters in 
much more detail, add many more taxa, and probably make greater progress than 
^ve have been able to in this more general and less detailed analysis. 

Zygiella 
Simon (1892-5) considered ^giella { = ^gia G. L. Koch, 1834, preoccupied) to 

be a synonym ofAraneus and thus a member of his paraphyletic tribe Araneae (Table 
1). Based on the eye arrangement, the tapetum structure, the modified paracymbium, 
the dorsal cymbium and the cone-shaped tibia of the male palp, Levi (1974a, 1986b) 
placed ^giella among me tines in Tetragnathidae. We disagree that the cymbium of 
^Vgiella is typically dorsal; it seems as mesal as that of most araneids. Levy (1987) 
questioned this and suggested an 'intermediate' position between Araneinae and 
Metinae. Lehtinen (1975, 1978) placed ^giella in the metines, but also noted that 
some species ha\'e typical araneine genitalia. Coddington (1990a) argued that palp 
structure placed the genus in Araneidae. Some ^giella species have a radix, 
distal hematodocha, and terminal apophysis in the embolie division, characteristics 
otherwise unique to Araneidae. Other species lack all these features, which calls 
into question the monophyly of ^giella. Indeed, no really firm synapomorphies 
define ^vgiella as presently delimited (Le\'i, 1974a). Given the exemplars ^ve used, 
the data of Table 3 support ^vgiella as an araneid, and place it within the 'Hypsosinga' 
clade. During occasional successive weighting runs on earlier \'ersions of the matrix, 
^Vgiella moved closer to distal araneines but never outside the araneids. ^giella ne\'er 
fell ^vith Tetragnathidae in any runs of the data. Using the constraint option in 
PAUP it cost eight extra steps to link ^giella with the Tetragnathidae, (i.e. given 
the constraint, the minimum tree length was 290). ^Ve must conclude that at least 
the portion of ^vgiella exemplified by the taxa we examined (Table 2) is indeed 
araneids. 

Character evolution 

^Ve lack space to discuss the behaviour of all 82 characters contributing to Figure 
82. Instead ^ve ha\'e chosen 15 to illustrate character evolution and the history of 
its study, in Araneidae. Some represent promising or corroborated synapomorphies, 
others that a priori seemed promising but turned out to fit this data set and tree 
poorly, and finally a few characters that have been the subject of substantial 
evolutionary speculation in the literature. 

Genital and sexual characters 
Based on re\'isionary work (Levi, 1968-92), one ^vould have predicted that several 

features of the male palp, such as the 'complex embolie division' comprising the 
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radix [16, see above), stipes {19), subterminal apophysis {20), terminal apopliysis {22), 
and embolus cap {23), among otlier features, sliould co-vary to define a monopliyletic 
group of araneines. Tlie same could be said for the conductor lobe and paramedian 
apophysis {8, 18), and endite tooth {45), all presumably aspects of male secondary 
sexual morphology and behaviour. In most cases this is true. For example, the radix 
{16, Fig. 89), distal hematodoclia {17, Fig. 90), subterminal apophysis {20, Fig. 91), 
endite tooth {45, Fig. 92) and terminal apophysis {22, Fig. 93) all consistently define 
large groups of araneid genera (character retention indices >0.75). The distal 
hematodoclia and terminal apophysis define the same group, and for that reason 
we give it an informal name, the 'terminal apophysis clade', in Figure 82. If future 
research corroborates this taxon, it may be worth recognizing formally. Similarly, 
the endite tooth {45) is corroborated by the gain of a hirsute carapace {41), and one 
of the gains of the paramedian apophysis {18). Levi (1980a, b, 1983) already pointed 
out the value of the endite tooth. The clade so defined is called the 'hairy carapace' 
clade in Figure 82. 

Figures 89•93 are typical of relatively 'good' cladistic characters. They are 
compatible, they nest one within another, and the monophyly of the taxa they 
define is corroborated by other features. Of course, even 'good' characters show a 
smattering of homoplasies. However, it is typical of this kind of homoplasy that they 
do not corroborate each other. Characters 17, 20, and 22 all show some homoplasy, 
but the homoplasy itself shows no concordant obvious pattern. Différent taxa show 
the independent evolution of each character state. Data like those in Table 3 can 
therefore show relati\'ely low consistency indices but still pro\'ide reasonably well 
resolved cladistic hypotheses. 

On the other hand, the conductor lobe {8, Fig. 94), paramedian apophysis {18, 
Fig. 95), stipes {19, Fig. 96), and embolus cap {23, Fig. 97) show substantial homoplasy 
with regard to each other and the rest of the data (retention indices < 0.63). The 
conductor lobe evolved three times, the paramedian apophysis 4-6 times (depending 
on optimization), the stipes evolved six times, and the embolus cap three times. The 
lobe on the conductor of some araneids has been interpreted as representing fusion 
of the paramedian apophysis to the conductor (Levi, 1985, 1988). ^Vithout 
commenting on its relation to the paramedian apophysis, one can see (Figs 94, 95) 
that even as an independent character, 'conductor with lobe' contains relati\'ely 
little phylogenetic information. Together these highly homoplasious characters help 
to define eight groups on the cladogram (Figs 94-97), but the only significant o\'erlap 
is between the stipes and embolus cap. The former defines Moscona, Larinia, Aculepeira, 
and Araneus, and the latter agrees, less Moscona. Another example is the bubble- 
shaped subterminal apophysis usually thought to be a synapomorphy for Metazygia 
and Eustala (Levi, 1977b). The feature is unique to these genera, but they are not 
sister taxa, and so the character has a retention index (and weight) of zero in Table 
3. It costs 10 steps to force the homology of the bubble-shaped sub terminal apophysis 
on Figure 82. The discovery of frequent, relatively trivial, homoplasies suggests that 
homology hypotheses for these features must be re-examined, and perhaps re\'ised. 

The peculiar embolus cap {23) found on the tip of the embolus in virgin males 
and broken off in the spermathecae of mated females shows the same pattern. It 
unites Larinia with Aculepeira-Aramus, and pops up, oddly enough, in Metepeira and 
Argiope. Structures such as embolus caps obviously are important evidence in 
discussions of sexual selection (Eberhard,  1985b). ^Vhether such arguments are 
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relatively supported or contradicted by the finding of widespread convergent evolution 
in embokis caps is beyond the scope of this paper. 

Choiizopes is a striking exception to the trend, noted above, that homoplasy usually 
is not congruent. Many of the male palpal characters discussed abo\'e occur in 
Chorizopes. The specimens we examined had a distal hematodocha (77, Fig. 90), 
paramedian apophysis {18, Fig. 95), stipes {19, Fig. 96), subterminal apophysis {20, 
Fig. 91), and terminal apophysis {22, Fig. 93). E\'en given all these characters 
classically associated with derived araneines, it costs at least two steps to group 
Chorizopes in Araneinae. This happens because, by and large, the above palpal 
characters are not particularly congruent ^vith each other, however starüing their 
coincidence in Chorizopes. The liomoplasious palpal 'homologies' offer many places 
^vhere Chorizopes could conceivably go; the result is that it goes nowhere happuy. 

The coxal hook {33) and femoral groove {34) are also important features in the 
sexual biology of male spiders. Apparently the features serve to lock together, and 
perhaps thus to strengthen the anterior legs of the male during mating (Levi, 1983; 
Robinson & Robinson 1980). Among all taxa examined to date these characters are 
perfectly correlated, but they also constitute a complex behavioral and morphological 
mechanism. By including them both we effectively weight the total complex by a 
factor of two. This method of a priori weighting has the virtue of letting complex 
features weight themseh'es. Although no other characters define the same node (Fig. 
98), it may be ^vorthwhile also to recognize this clade ^vith an informal name, the 
'coxal hook' clade (Fig. 82). Perhaps other authors ^vill find e\'idence to corroborate 
its monophyly. Note that this character complex apparently e\'olved independently 
in Scoloderus, and three times in the argiopoid clade (Fig. 98). ^Ve can provide a 
crude measure of the difficulty of insisting on the homology of the coxa-femur 
locking mechanism where\'er it occurs. It imposes 12 extra steps on the data of 
Table 3 to force homology of these two characters. Only by comparing the behaviour 
of this character against all others can one detect the potential problems in homology 
posed by its presence in the argiopoid clade. ^Vithin the 'coxal hook' clade, only 
Larinia lacks the features. As noted above, Larinia can also be parsimoniously placed 
as sister to Singa, which makes the 'coxal hook' clade even more consistent, a 
possibility that future workers should bear in mind. 

Finally, the scape {28, Fig. 99) is a defining feature of the subfamily Araneinae. 
Although this feature is difficult to define (note five other gains of 'scapes' outside 
the Araneinae), it is clearly an important part of female sexual biology in this clade. 
Supposedly, the male median apophysis (or perhaps other parts of the male palp) 
engage the scape to 'lock' the male palp to the female during copulation. Whether 
the scape serves a mechanical function (Grasshoff, 1968) or a courtship/sexual 
selection function (Eberhard, 1985b) is a matter of debate. From a phylogenetic 
perspecti\'e at this level, we can only say that apomorphic changes in the median 
apophysis that we have been able to recognize (e.g. characters 11•15) do not 
correlate at all with changes in the female scape. The scape has a number of obvious 
apomorphies (e.g. hugely elongate {29), defining clade 55; ^vith a pocketed tip {30), 
defining clade 57; and the wrinkled or distensible scape {31), corroborating the 
'hairy carapace' clade), but none relate ob\'iously to changes in male sexual 
morphology. 

The characters illustrated in Figs 89•99 could not ha\'e been identified as 'good' 
or 'bad' characters prior to cladistic analysis. Only by assessing their congruence 
with other characters can problems or confirmation in homology statements be 
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discovered. Of course, the topology we present in Figure 82 is not strongly preferred 
by data over other trees one step longer and the support at many nodes is weak, 
but trees one step longer require even more conflict in the data. Some characters 
are distributed so that conflict is inevitable. Realizing that liomology hypotheses 
conflict no matter what the cladogram is, can help to focus definitions of characters. 

In this study perhaps the best example of this kind of dilemma concerns the 
hypothesized relation between the paramedian apophysis {IS, Fig. 95) and the lobe 
on the conductor (5, Fig. 94). The prevalent hypothesis in the literature (Levi, 1976, 
1985, 1988, 1992) is that the two features are homologs, and that the lobe is the 
result of fusion of the paramedian apophysis with the conductor. In cladistic terms, 
this is equivalent to a three-state ordered character: [lobe and paramedian apophysis 
absent] evolves to [free paramedian apophysis present] evolves to [paramedian 
apophysis fused to become a conductor lobe]. Both features do appear in two rather 
different lineages, distal araneines and gasteracanthines, but the lineages are not 
exactly congruent. However, Figures 94 and 95 show that the two characters are 
far from compatible. It costs 24 steps to impose the ordered three-state hypothesis 
on the data. This is not a completely fair assessment of the cost, as the hypothesis 
may allow repeated loss to explain homoplasy (DoUo parsimony, Maddison & 
Maddison, 1992). However, it is certainly clear that homology of conductor lobes and 
paramedian apophyses is a complex and not particularly parsimonious explanation. 

Stabilimentum 
Many authors have commented on the e\'olution of the conspicuous white silk 

decorations at the hub of orb-webs known as 'stabilimenta' (Craig, 1991, 1994; 
Graig & Bernard, 1990; Eberhard, 1973, 1990; Eisner & Nowicki, 1983; Lubin, 
1975; Nentwig, 1986; Nentwig & Rogg, 1988; Robinson & Robinson, 1970). Most 
authors accept that 'stabilimenta' in spiders have evolved more than once, but 
uncertainty about how often and where the stabilimentum may have evolved 
confuses hypotheses on why it evoK'ed (Edmunds, 1986). We initially included the 
stabilimentum in the data, but it was clearly uninformative phylogenetically. It was 
also unscorable for poorly studied genera. Finally we decided to exclude it from the 
analysis, but to map it on the best fit tree afterwards. On these data, the stabilimentum 
evolves nine times independenfly in the 15 genera in which it is known to occur 
(Fig. 100) and is lost once (in Alecynogeci). Widespread convergent e\'olution of a trait 
invites a search for a common cause underlying the convergent evolution. Many 
authors hypothesized that stabilimenta offer protection against diurnal predators 
(Eberhard, 1973; Edmunds, 1986), others that web decorations attract insects and 
specifically flower foraging insects (Craig, 1991; Craig & Bernard, 1990). If so, then 
the stabilimentum should ha\'e evolved more frequently among orb-weavers that 
are exclusively diurnal. Stabilimenta, if mapped among araneids, would define the 
argiopoid clade with a convergence in Cyclosa. Except in Singa, Uloborus, and perhaps 
Neoscona, (which can also be day-active), stabuimenta appear to e\'olve mainly in 
taxa that rest at the hub during the day. According to the concentrated changes 
test as implemented in MacClade 3.0 (Maddison & Maddison, 1992), the association 
between the two traits is indeed significant. Given the distribution of 'exclusive 
diurnality', MacClade reports that the probability is 0.0 that the distribution of the 
nine gains and one loss of stabilimentum (distributed as in Fig. 100) is caused by 
random factors. 
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Prey attack behaviour 
In a classic paper, Robinson (1975) elaborated a detailed argument for the 

evolution of attack wrapping in araneid spiders (Fig. 101). Eberhard (1982) dis- 
tinguished between simple attack-wrapping (the spider simply hurls silk at the prey) 
and wrapping with rotation (the spider is capable of spinning the prey entangled in 
the web like a bobbin or fishing reel, thus 'rolling up' the prey with the silk as it is 
spun). ^Vhen optimized on Fig. 101 (and ignoring taxa for which the trait cannot 
be scored), it appears that simple attack wrapping evolved independently in deino- 
poids and araneoids, and within araneoids, has evolved at least once within 
tetragnathids, once in the 'argiopine' clade, once in Caerostris, and as a synapomorphy 
for clade 51 (Fig. 82) among araneines. Wrapping with rotation occurs in deinopoids, 
tetragnathids, Arachnura, Argiopinae, and Aletepeira. Based on a smaller and different 
set of taxa, Coddington (1986a, 1990a, b) inferred that wrapping of either sort must 
have been primiti\'e for Orbiculariae, but for these data, the pleisiomorphic 'bite' 
attack is plesiomorphic for Orbiculariae, Araneoidea, and Araneidae. Eberhard 
(1982) also felt that attack wrapping in deinopoids and araneids was convergent. Of 
course, the form of the attack is known for so few orbicularian genera that many 
other scenarios are possible; Figure 101 allows 63 other optimizations of the trait. 
None of them include homology, and therefore plesiomorphy, at the orbicularian 
node. Robinson (1975) and Eberhard (1982) agreed that rotational attack-wrapping 
must ha\'e e\'olved from simple wrapping based on assumptions about presumed 
adaptive value. The evidence for this evolutionary sequence is equi\'Ocal in the 
'argiopine clade'. Either state could have been primitive. Elsewhere rotational 
wrapping evolves directly from the bite attack, contrary to the hypothesis. 

Sexual size dimorphism 
Sexual size dimorphism (Head, 1995; Hormiga et al, 1995; VoUrath, 1980; 

VoUrath & Parker, 1992), and the supposedly attendant sexual cannibalism (Elgar, 
1991) is another feature of araneid biology to which this phylogenetic reconstruction 
is relevant. Taking the con\'entional definition of sexual size dimorphism as females 
more than twice the size of males, the dimorphic condition e\'olves three times on 
Figure 102. The nephilines are, perhaps, the classic case (Hormiga et al, 1995), but 
the relati\'ely small males of many gasteracanthoids and Cyrtarachninae are also 
very well known. Cladistically speaking, it is possible to explain dimorphism in these 
groups with a single 'origin' of the trait at the 'argiopoid' node (clade 15). Coddington 
(1994) and Hormiga et al (1995) pointed out that sexual size dimorphism is the 
ratio of two substantially independent traits: male size and female size (Head, 1995). 
Dimorphism can arise through size change in either sex, and in several ways 
invoK'ing simultaneous or separate size increases and decreases. On Figure 102, 
however, one can at least say that dimorphism has originated three times (though 
which sex changed is ambiguous), and has been lost fi\'e times (with changes again 
being ambiguous). MacClade (Maddison & Maddison, 1992) can map continuous 
variâtes on cladograms, and, given certain assumptions, reconstruct ancestral values 
of continuously vaiying traits. This method offers a way to gain a sharper appreciation 
of the evolutionary size changes in each sex, although we do not pursue that question 
here. Suffice it to say that, as in nephilines, most instances of araneid sexual size 
dimorphism appear to be female giantism rather than male dwarfism, despite the 
greater effort that theoreticians have devoted to explaining the opposite (e.g. VoUrath 
& Parker, 1992, and references cited therein). 
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103 

Figure 103. Consilience between eight groups of characters and their fit to the tree. Abbreviations: 
ci = consistency index, ri = retention index. 

Conclusions 

An overview of the consilience between different classes of characters (Table 3) 
and their fit to the tree (Fig. 103) shows some interesting trends. This comparison 
plots the consistency index against the retention index and against the weight each 
character received after successive weighting for groups of characters as classified 
in Table 3. As Figure 103 indicates, the three measures are highly correlated. 
Behaviour, spinnerets, and female genitalia are more concordant among themselves 
(and therefore to the best fit tree) than any other classes of characters. Abdominal 
and eye features are intermediate. Male genitalia, appendage and prosomal features 
are least concordant. Several of the appendage characters also describe male 
secondary sexual features (32•34). In this study features of male anatomy, despite 
their prevalent use in systematics, appear to offer at best a conflicting phylogenetic 
signal, at least at this taxonomic level. 

The matrix of Table 3 and the topology of Figure 82 should permit other workers 
to use these results to investigate the evolutionary dimension of their own data on 
Araneidae. The very real conflicts in character distributions, compared to the 
promise inherent in the richness of araneid biology, shows that the phylogeny of 
Araneidae is a difficult subject. Perhaps the broad outlines of Figure 82 wul prove 
to be durable. These results present at best a fairly stable picture, and at worst, a 
small set of alternative topologies, for tribal and subfamilial relationships. Perhaps 
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half of Simon's original groupings proved 'correct', although of course Figure 82 
pro\'ides detailed hypotheses of relationships between tribes and subfamilies, whereas 
Simon proposed none. 

Some of the results are contro\'ersial. Our more subjecti\'e impressions of these 
results are that, first, Chorizopes is probably not the sister group of the remaining 
Araneidae, but that it is a phylogenetic problem. It falls at the bottom of the araneid 
cladogram because it lacks a few key features that make it slightly less parsimonious 
to place it where it probably belongs, that is, among basal araneines. Second, 
whether the 'argiopine' clade and Gyrtarachninae are more closely related to the 
'setal base' clade or to Araneinae is a question that only more data, sharper homology 
hypotheses, or study of more taxa will settle conclusively. Third, we are skeptical of 
the details of araneine relationships in Figure 82. Some pairs of taxa are stable and 
others tend to cluster together although their exact relationships are not stable. For 
example, it is possible that the rough distinction between basal and distal araneines 
will endure. It seems clear that ^giella (or at least that portion of the genus 
exemplified here) is an araneid and not a tetragnathid. Lminia may belong as sister 
to Singa after all (Fig. 81). Many more araneine genera could ha\'e been scored, but 
as the matrix already contained too many taxa for the number of characters accepted 
as informative, adding more taxa may have made any solution even more elusive. 
We included at least the maximum number of taxa required to permit assessment 
of the full range of systematic characters in Araneidae that are likely to be informati\'e 
at the tribal and subfamily level. Certainly more features germane to intergeneric 
relationships will be discovered. In gasteracanthines alone, several are already known. 
Using such characters at higher taxonomic levels will depend on more re\'isionary 
research. This analysis has already shown that many supposed 'homologies' among 
araneids need to be re-thought. Future work should focus on refining these discordant 
homology hypotheses, searching for new characters and data, and making the data 
matrix more representative of araneid diversity. 
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APPENDIX. CHARACTER MAPPINGS AND APOMORPHY LISTS 

Below, we optimize all characters on the preferred tree of length 282 (Fig. 82). The evaluation deals 
with each clade in numerical order. Clades are identified by the numbers attached to the internodes 
of the cladograms in Figures 82•87. if optimizations are ambiguous we used accelerated transformation 
to resolve the ambiguit)' (ACCTRAN), thus preferring secondary loss rather than parallel gain as an 
explanation for homoplasy. This option consistently biases interpretation towards homology o\er 
convergence. In the diagnoses that follow, we ha\e listed only the unambiguous support at each node, 
unless only ambiguous support is a\'ailable, in which case it is so noted. 

Clade 1 (Orbiculariae). The mouophyly of orbicularians is supported by three synapomorphies: 
male palpal patella with macrosetae [4)\ subsequendy lost in Deinopis, theridiids, Alastophora, Kaira, and 
clades 17 and 34, presence of serrate accessory claw setae {39), and the presence of an orb-web (74; 
subsequently lost in Chorizopes, Alastophora, and clades 6 and 28). 

Clade 2 (Deinopoidea). The monophyly of Deinopoidea is supported by fi\'e synapomorphies: 
posterior median eyes with canoe tapetum lost [51; parallel loss in clade 12), posterior lateral eyes 
without canoe-shaped tapetum [53; parallel loss in Tetragnatha), feathery hairs {55), median spinneret 
paracribeUars of deinopoid morpholog)' {71), and ready posture at hub with legs 1 and 2 extended 
{82; parallel origin in clade 10, and Larinia). 

Clade 3 (Araneoidea). The monophyly of Araneoidea is supported by 4 synapomorphies: the 
presence of a paracymbium {6; subsequendy lost in Theiidion and Caerostris), the glabrous carapace {41; 
subsequently re\ersed to hirsute in Mephllengys and in clades 16, 32 and 42), the loss of a cribellum 
{68), and the presence of minor ampuUate nubbins on the median spinnerets {72; subsequendy lost in 
Archemorus and in clade 6). 
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Coddington (1990b) listed another 7 synapomorphies for Araneoidea. Five of these were spinneret 
characters and one concerned setal structure, all of which require SEM to ascertain character states. 
Since we did not carry out detailed SEM studies on the taxa included here, we cannot comment on 
the mapping of these potential synapomorphies. 

Clade 4. The 'deri\'ed' araneoids (Griswold et al., in press; Coddington, 1990a) including only 
lin^phiids, pimoids, theridiosomatids, theridiids and tetragnathids in this reduced data set are supported 
by two characters: the reduction of the aciniform brush of the median spinnerets [73, subsequently 
re\ersed in Aleta, and with parallel reduction in clades 27 and 61), localization of SS by use of inside 
first leg = 'ÍL1' (78). 

Clade 5. Thendiosoma, Tlimdion, linyphia, and Pimoa, are united by reduced piriform spigot bases on 
the anterior spinnerets {69). 

Clade 6. Tlieridion, Linyphia, and Pimoa are supported by two synapomorphies: the absence of minor 
ampuUate nubbins on the medium spinnerets {72; parallel loss in Arcliemorus), and the loss of the orb- 
web {74; parallel loss in Chorizopes, Mastophora, and in clade 28). 

Clade 7. Linyphia and Pimoa are supported by two synapomorphies: the presence of tibial autospasy 
[36) and the stridulation files on the margins of the chelicerae {44). 

Clade 8 (Tetragnathidae): The tetragnathids (here represented by Mephila, Nephileiigfs, Tetragnatha, 
Pachjgnatha, Aleta, and Leiicaugi) are supported by three synapomorphies: a conductor that wraps the 
embolus (5), the loss of the median apophysis of the male palp [10; parallel loss in Dictyna, Linyphia, 
Witica, Alecyiiogea, and Dolophones), and groo\ed booklung co\'ers {64; parallel origin in Deinopis and 
clade 14). 

Clade 9 (Nephilinae): .Nephila and .Nephileiigfs are united by four synapomorphies: sexual dimorphism 
{61; parallel origin in Kaira and clade 15), the uniquely deri\ed nephüine radius beha\'iour {76), non- 
sticky spiral in the web is left untouched when the spider constructs the sticky spiral {77; parallel origin 
in clade 19), and SS localization by extending the fourth leg = 'L4' {78). 

Clade 10. Aleta, Leucauge, Pachygnatha, and Tetragnatha are supported by one synapomorphy: ready 
posture at hub with LI and L2 extended {82; parallel origin in Larinia and clade 2). 

Clade 11. Leucauge, Pachygnatha, and Tetragnatha are supported by two synapomorphies: fourth femora 
with a number of dorsal trichobothria {35; parallel origin in Uloborus), and booklung co\'ers re\ersed 
to normal (smooth surface) {64). 

Clade 12 (Tetragnathinae). Tetragnatha and Pachygnatha are united by four synapomorphies: the 
globular tegulum (7), the haplog)'ne female genitalia {25), the absence of a female epigynum {26), and 
the loss of the canoe-shaped tapetum in the posterior median eyes {51; parallel loss in clade 2). 

Clade 13 (Araneidae). The family Araneidae are well defined and supported by four synapomorphies: 
the mesal orientation of the male palpal cymbium {5, subsequently reversed in ^ygiella), the presence 
of a radix in the male palp {16, subsequently lost in Caerostris and .JVeogea), the wide distance between 
the median and lateral eyes {50; subsequenüy lost in Cyrtarachne, clade 18 and 43), and posterior median 
eyes with a narrow tapetum {52). 

Traditionally, the family Araneidae is divided into a number of subfamilies (Araneinae, Cyrtophorinae, 
Gasteracanthinae, Micratheninae, Argiopinae and Cyrtarachninae (or Mastophorinae). This study 
suggests two major evolutionary araneid lineages that we will call Araneinae (clade 41) and the 
'argiopoid' clade (clade 15). 

Clade 14. All araneids except Chonzopes are united by two synapomorphies: the presence of a 
sustentaculum {40; subsequently lost in Austracantka, Bertrana, clade 24, 26, 35 and 40) and groo\'ed 
booklung covers {64; parallel origin in Deinopis and clade 8). 

Clade 15 ('argiopoid clade'): The 'argiopoid clade' includes taxa that ha\e traditionally been placed 
in the subfamilies Cyrtophorinae, Argiopinae, Gasteracanthinae, Micratheninae, and Cyrtarachninae. 
It is only supported by a single synapomorphy: the size dimorphism between males and females {61; 
parallel origin in Kaira and clade 9). 

Clade 16. Argiopinae, Cyrtophorinae, Arachnura and Witica are supported by one synapomorphy: 
the hirsute carapace {41; parallel reversal in .Nephilengfs, clade, 32 and 42). 

Clade 17. Arachnura and Witica are supported by one synapomorphy: macrosetae of male palpal 
patella lost {4; parallel loss in Deinopis, Theridion, Alastophora, Kaira, and clade 34). 

Clade 18. The monophyly of Argiopinae and Cyrtophorinae is supported by one synapomorphy: 
median and lateral eyes close together {50). 

Clade 19 (Cyrtophorinae). Simon's classical Cyrtophorinae {Cyrtophora and Alecynogea) is supported 
by four synapomorphies: embolus runs in an anticlockwise direction {24; parallel origin in Tlieridiosoma, 
Witica, and ^ygiella), piriform field of anterior spinnerets reduced to narrow ribbon {70), orb-web 
without sticky spiral {75), and persistent non-sticky spiral in web {77; parallel origin in clade 9). 
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Clade 20. The subfamily Argiopinae (Aigiope, Gea and .Neogea) is supported by three synapomorphies: 
the threadlike spur on tlie median apophysis {12}, the reduction of the canoe-shaped tapetum in the 
posterior lateral eyes {53), and the procurved posterior eyes {54; parallel origin in clade 28). 

Clade 21. Aigiope and Gea are united by one synapomorphy: the presence of a stipes {19, parallel 
origins in Chorizopes, Eiistala, Eriophora, clades 44 and 58). Another possible synapomorphy was suggested 
by Per de Place Bjorn (pers. comm.), who found a broken-off embolus tip of an unidentified Gea from 
Africa. The tip is very similar in morpholog)' to that found in the genus Aigiope. 

Clade 22. This clade comprises taxa that Simon placed in the subfamilies Gasteracanthinae, 
Micratheninae, Arciinae, and the tribes Cyrtarachneae and Glyptocraneae. The clade is supported by 
two synapomorphies: abdomen with sigillae {56; parallel origin in Dolophones), and female abdomen 
wider than long {60; re\ersed to longer than wide in Arbfs, and in clade 31; parallel origin in Dolophones, 
Vermcosa, and clade 65). 

Clade 23 (Cyrtarachninae). The subfamily Cyrtarachninae {Alastophom, Cyrtarachne and Pasilobus) are 
supported by two synapomorphies: the \'ery sticky SS {80) and the extreme L4 combing {81). 

Clade 24. The genera Cyrtarachne and Pasilobus are united by two synapomorphies: the loss of the 
sustentaculum {40; parallel loss in Austracantha, Bertrana, and clades 26, 35, and 40) and the presence 
of low-shear sticky lines in the web {79}. 

Clade 25 ('setal base clade'). This clade is supported by three synapomorphies: cephalon rectangular 
(wider than long) in dorsal view {47; re\ersed to normal in clade 30), cephalon abnormally higher 
than thorax {48; re\ersed to normal in clade 30; parallel origin in Theridiosoma, Mephilmgfs, Acanthepeim, 
Hypsosinga, Vermcosa, and Enacrosoma), and setal bases on carapace and abdomen swollen and of 
characteristic shape {67; parallel origin in Chorizopes). 

Clade 26. This clade is supported by one synapomorphy: the lost sustentaculum {40; regained in 
Alicrathena; parallel loss in Austracantha, and in clades 24, 35, and 40). 

Clade 27. This clade comprises genera that were originally considered araneids by Simon, but 
later transferred to other families. It is supported by two synapomorphies: sexual dimorphism lost {61; 
parallel loss in Alecynogea, Gea, and in clades 31 and 38), and aciniform brush on median spinnerets 
reduced {73; parallel reduction in clades 4 and 61). 

Cade 28. Arkvs and Archemorus are supported by four synapomorphies: radix lost {16; parallel loss 
in Neogea and in clade 33), posterior row of eyes procurved {54; parallel origin in clade 20), abdominal 
sigillae of female abdomen in 2 rows {57; parallel origin in clade 35), and orb-web lost {74; parallel 
loss in Mastophora, Chorizopes, and in clade 6). 

Clade 29 ('micrathenines'). This clade is supported by two synapomorphies: lobe on male palpal 
conductor {8; parallel origin in clades 53 and 63), and the presence of a scape {28; parallel origin in 
Linyphia, Leucauge, Arhs, Gasteracantha and clade 41). 

Clade 30 (Micratheninae). The subfamily Micratheninae (including Xylethrus, Chaetacis and Alicrathena) 
is supported by three synapomorphies: cephalon re\'ersed from rectangular shape to normal shape 
{47), cephalon reversed to normal height {48), and spiracle on sclerotized ring or on sclerites that 
surround spinnerets {66; parallel origin in Hypognatha and in clade 34). 

Clade 31. The genera Alicrathena and Chaetacis are supported by four synapomorphies: sigillae on 
abdomen scattered {57; parallel origin in Caerostris and Cyrtarachne), shape of female abdomen re\'ersed 
to normal (i.e. longer than wide) {60; parallel reversal in Arkfs), sexual dimorphism lost {61; parallel 
loss in Alecynogea, Gea, and clades 27 and 38), and booklung covers with stridulating file {63). 

Clade 32 ('gasteracanthoid clade'). The gasteranthoid clade is supported by two synapomorphies: 
a reversal to a hirsute carapace {41; parallel re\ersal in Mephlleilgis, and clades 16 and 42), and female 
carapace wider than long {42; reversed to longer than wide in Gastroxya and Austracantha). 

Clade 33. Aspidolasius and Caerostris are supported by only one synapomorphy: the lost radix {16; 
parallel loss in Neogea and in clade 28). 

Clade 34 (Gasteracanthinae). The subfamily Gasteracanthinae is supported by five synapomorphies: 
the absence of male palpal patella macrosetae {4; parallel loss in Kaira, Alastophora, Deinopis, Theridion, 
and in clade 17), the presence of paramedian apophysis {18; parallel origin in Chorizopes and clade 42), 
a star-shaped male abdomen {59), a female abdomen with three pairs of spines {62), and the spiracle 
on the female abdomen on a sclerotized ring or on the sclerites that surround the spinnerets {66; 
parallel origin in Hypognatha and clade 30). 

Clade 35. Gastroxya and Augusta are supported by four synapomorphies: male palpal femur with 
macrosetae {3); median apophysis of male palp with transparent triangular flap {13), sustentaculum 
lost {40; parallel loss in Bertrana, Austracantha, and clades 24, 26, and 35), and female with two rows of 
abdominal sigillae {57; parallel origin in clade 28). 
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Clade 36. This clade is supported by one synapomorphy: metatarsi with many trichobothria (57; 
parallel origin in Witica, Mastophora, Caerostris, Dolophones, Cyclosa, Eriophom, and Alpaidd). 

Clade 37. This clade is supported by one synapomorphy: female abdomen with ventral condyles 
[58; parallel origin in Gastwxva). 

Clade 38. Isoxya and Austracantha are supported by four synapomorphies: coxae I of males with a 
hook [33; parallel origin in Scolodenis, Hypognatha, Mtcrathma, and in clade 49; lost in Larinia), femora II 
of males with grooves (34; parallel origin in Scoloderus, Hypognatha, Alicmfheua, and in clade 49; lost in 
Larinia), male carapace quadrangular [43; parallel origin in Aspidolasms and in clade 27), and sexual 
dimorphism lost {61; parallel loss in Alecynogea, Gea, clades 27 and 31). 

Clade 39. Togacantha, Gasteracantha and Aetmcantha are supported by one synapomorphy: spinnerets 
surrounded by sclerites [65; parallel origin in clade 30). 

Clade 40. Gasteracantha and Aetmcantha are supported by three synapomorphies: presence of a genital 
tubercle between spinnerets and epig)'num [27), sustentaculum lost {40; parallel loss in Austracantha, 
and clades 24, 26, and 35), and male abdomen U-shaped {59). 

Clade 41 (Araneinae). The subfamily Araneinae is supported by two synapomorphies: male palpal 
femora with tubercles {3; parallel origin in Austracantha: subsequenüy lost in Muctenea, and in clades 46 
and 61), and the presence of a scape {28; parallel origin in Linvphia, Leiicauge, Arkys, Gasteracantha, and 
clade 29; subsequendy lost in ^giella and Pronous). 

Clade 42 ('hairy carapace clade'). This clade is supported by two synapomorphies: a hirsute 
carapace {41; parallel re\ersal in clades 16 and 32), and the presence of an endite tooth [45; parallel 
origin in Austracantha; subsequendy lost in clade 45). 

Clade 43 ('terminal apophysis clade'). This clade is supported by three synapomorphies: male palp 
with a distal hematodocha [17; parallel origin in Chonzopes; subsequently lost in Araniella, Pronous, and 
in clade 64), male palp with a terminal apophysis {22; parallel origin in Chorizopes and Alecynogea), and 
separation between lateral eyes and median eyes reversed to normal ( = narrow separation) {50; parallel 
re\ersal in Cyrtarachne and in clade 18). 

Clade 44 ÇHvpsosinga clade'). This clade is supported by one synapomorphy: male palp with a stipes 
{19; parallel origin in Chorizopes, Enophora, Eustala, and in clades 21 and 58; subsequently lost in clade 
47). 

Clade 45. This clade is supported by two synapomorphies: endite tooth lost {45) and shape of 
median ocular area narrower in front than behind {49; parallel origin in Arachnura, Cyrtophora, Hypognatha, 
Encyosaccus, and in clade 51). 

Clade 46. ^'giella, Kaira and Aletepeira are supported by one synapomorphy: tubercle on male femora 
lost {3; parallel loss in Muctenea and in clade 61). 

Clade 47. Kaira and Aletepeira are supported by three characters: median apophysis of male palp 
provided with a bifid prong {11; parallel origin in clade 60), anterior margin of median apophysis 
toothed {15; parallel origin in Aculepeira), and stipes of male palp lost {19). 

Clade 48. This clade is supported by one synapomorphy: scape wrinkled {31; parallel origin in 
Aletepeira). 

Clade 49 ('coxal hook clade'). This clade is supported by two synapomorphies: male coxae I with 
hooks {33; parallel origin in Scoloderus, Hypognatha, Alacracantha, and in clade 38; subsequendy lost in 
Larinia), and femora II with grooves {34; parallel origin in Scoloderus, Alacracantha, Hypognatha and in 
clade 38; subsequently lost in Larinia]. 

Clade 50. This clade is supported by ambiguous support only: paramedian apophysis of male palp 
lost {18). 

Clade 51. This clade is supported by one synapomorphy: median ocular area wider in front than 
behind {49; subsequently reversed in Pronous and in clade 66). 

Clade 52. This clade is supported by one synapomorphy: macrosetae on Tibiae II of males stronger 
and more robust than those of Tibia I {2; parallel origin in Scoloderus and Austracantha; subsequendy 
reversed in Araniella, Larinia, Enacrosoma, and Alpaida). 

Clade 53. This clade is supported by one synapomorphy: male palpal conductor with lobe {8; 
parallel origin in clades 29 and 63; subsequently lost in Eriophora). 

Clade 54. Araniella, Eriophora and Verrucosa are supported by two synapomorphies: tibiae of the 
second pair of legs modified {1; parallel origin in clade 60), and lateral eyes widely separated from 
median eyes {50; parallel origin in Alpaida and in clade 13). 

Clade 55. Eriophora and Venucosa are supported by one synapomorphy: epigynum with elongate 
scape {29). 

Clade 56. This clade is supported by one synapomorphy: male palp with subterminal apophysis 
{20; parallel origin in Chonzopes and Suiga; subsequendy lost in Enacrosoma]. 
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Clade 57. This clade is supported by one synapomorphy: epig)'nal scape with pockets near tip {30; 
parallel origin in Liiivphia, Arkfs, Singa, AranieUa, and in clade 65; subsequently lost in Aculepeim). 

Clade 58. This clade is supported by one synapomorphy: male palp with a stipes [19; parallel 
origin in Chorizopes, Eriophom, Eustala, and in clades 21 and 44). 

Clade 59. Lariuia, Aadepeira, and Araneus are supported by one synapomorphy: embolus of male 
palp provided with a cap at the tip {23; parallel origin in Argiope and Aletepeira). 

Clade 60. Aadepeira and Araneus are supported by two synapomorphies: tibiae of the second pair of 
legs in males are modified {1; parallel origin in clade 54), and median apophysis of male palp with 
bifid prong {11; parallel origin in clade 47). 

Clade 61. Cercidia and Promus are supported by two synapomorphies: tubercle on male palpal femur 
lost {3; parallel loss in Mudenea and in clade 46), and median spinnerets with aciniform brush reduced 
{73; parallel reduction in clades 27 and 4). 

Clade 62. This clade is supported by one synapomorphy: scape of female epig)'num reversed to 
smooth {31; parallel reversal in Auepswu and Meoscond). 

Clade 63. This clade is supported by one synapomorphy: conductor of male palp with lobe {8; 
parallel origin in clades 53 and 29; subsequendy lost in Acacesia). 

Clade 64. Alpaida, Bertrana, and Enacrosoma are supported by one synapomorphy: distal haematodocha 
of male palp lost {17; parallel loss in Araniella and Promus). 

Clade 65. Bertrana and Enacrosoma are supported by two synapomorphies: scape of female epigynum 
provided with a pocket at the tip {30; parallel origin in Lmvphia, Arkys, Singa, Araniella, and in clade 
57), and a female abdomen that is wider than long {60; parallel origin in Vermcosa, Dolopliones, and in 
clade 22). 

Clade 66. Eustala, Wixia, and Acacesia are supported by one synapomorphy: median ocular area 
re\ersed to narrower in front than behind {49; parallel re\ersal in Promus). 

Clade 67. li'ixia and Acacesia are supported by two synapomorphies: Median apophysis of male 
palp with distal fork {14), and coxa and trochanter lY of males provided with short stout macrosetae 
{32). 


