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ABSTRACT

CHELI CERAL MORPH®QIOIGRFUGAE ( ARACHNI DA) :

PRI MARY HOMOE®GG®GY  NOLOGY, AND CHARACTER SURV

Arachnids of the order Solifugae (solifuge
|l zenspinng, pwsedspi dbesl argest Jjaws for bod:
el icerae provi decttenre smosstte nmsmpfoorrt asnotl icfhuaggea sy
ntition and the male flagellum, both used e
wever, the terminology used for cheliceral

ntradictosg, i tnfpalrs becaapresent homol ogou.
sinterpretation of character homol ogy may i
ncerning relationships within Solifugae and
esentrstt ceonfiprehensive analysis of chelicera
e aims of which were to provide a broad sur
stematics, to identify and reinteepret stru
rmi nology to be consistent with homol ogy hy
rminology and character interpretld8t8i ons 1in

empl a 13pé&cioés trlkeg reetsteantt wWenlgami soesfufgé@ 6f th
bfamilies, 64 gamdr aheddbuWl of anige Dot alay | at
rphol ogy acrosd$s 7t s ear ckker .r elpm etseetnali,ng 49 ge
|l ust Hgpetdheses oftichmar agdretri ¢ ulaarsifyoran@ancer ni

d a standardized terminology, are presented



di scussed and the role of sexwually di morphic
behavior €mphmevisdd terminology, based on hy|
facilitate solifuge revisionary systematics a

phyl ogenetic relationships within the order a

Keywords: Chelicerata, chaetotaxy, dentition

stridul atory apparatus, comparative morphol og
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| NTRODUCTI ON

The Solifugae (PI. 1) is a relatively poor
2002b), also known as solifuges, solifugids,
namesscade bing either the order, or specific fa
baardskeerders, camel spider s, -draljsaeg ssppii ndreerkso, p
jerrymanders, red romans, roman spiders, suns
Wal zenspinnenm,s wWwiomdsvpindd scorpions). This meso
comprises 12 extant families, 139 genera, and

2011; see Appendix 1). Although the phyl ogenet

Chelicerata r emag.ns Audnbreerstoil vaendd (Pee.r et ti , 2002;
Pepato et al., 2010; Sharma et al. 2014), mor
repeatedly confirmed its monophyly (e. g., Hay

1998; Giribet e20@7;, ,G200Ret ShmdtEdgecombe, 2|

The most comprehensive treatment of Solifu
(1993234), who summari zed most of the avail abl
observations and interpretatliynei ot soécadgse

Roewer 119%82 remains the primary <citation for
Shultz (2007) cites Roewer (1934) sixteen tim
solifuge characters for hisurstadry a9 tchel s aclee

Roewer (1932, 1933, 1934, 1941, 1942, 1952
1961) |l aid the foundation of the modern cl ass

criticized for emphasi zing mhaanrmndtehasl,i espalci

1



that are Avariabledo (Birul a, 1936Db; Panouse 1
Lawrence, 1955, 1976; Turk, 1960; Simonetta a
Gromov, 2000, 2003a; Harvey, 2002b, (20063), evi
Panouse, 1961a, b) . However, there remains | it}
i ntannd i nterspecific variation in Solifugae. F
as Aconfusingo and fAchaotico ( Viamédnhy 1Mb@a 1
(1976), who placed greater emphasis on male s
the cheliceral flagellum, cheliceral dentitio
devoid of phylogenetic content (HapwvafyamiDiDab
groupings exist. Several families and many ge
Subfamilial groupings have been criticized as
1976; Wharton, 1981). Exceptscdaomeromieg wor k on
Er e mo bRd relkss 1900 (Brookhart and Cushing, 200/
have been published on solifuges and comprehe
for most families and gener a.

The absence of a phyl ogenet,i ci nf rlaanregaeo rpka rfto,
attributed to the absence of a unified synthe
order. Related to this is the absence of stan
by Roewer (1934) were adopted dtyhesrosne cfotlerd uwi
clear definitions, resulting in an inconsiste
across the solifuge I|Iiterature. Attempts to h
base terminol ogyextihsetreenotn,, wvairdemsnfoensv. @gxcepdme no

cheliceral terminologies based on homol ogy as
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10;
12;
13;

14) ,

i ondo in Solif

l'y on, Duf our

promoting te

ol ogy on hypo

eptance depen

i shed in the
e mouthparts
arachnids (i
, 2000), whic
rdized ter min

| ogical ter mi

Er dR&kd di2dK Oe t

Dunl op et al

Cus h2iOnlg4 ;e tB oaulg.r,b | o,

it 1is an opp

|l ight of modern

ail abetwi mgatefi al

The

present cont

2007;

(Dunl op,

uch wor k

2000, 2002; Dunlo

musbubethedert ake

ugae taxonomy is equally a

tandardi z

ed ter ms, based o

(1861: 344)rshgesstsedcthbhee

rms in solifuge morphol ogy

theses of
ding on t
l'iteratur
of Acari,
ncluding
h was | ar

ol ogy was

homol ogy are com
he edtane to whic
e. For example, S
based on careful
terms reeently pr
gely i1 gnored by a

already in place

nology, and the renewed i n

Catenatcarvat hal et a00

al ., 2010; Bayram et al .,

ortune ti

concepts

ri buti on

., 2012; Gonz8lez Reyes and

201 4; lur i et al ., 2

me to unify and r

of character homo

i sclk®hiced maae wi t h



Solifugae, which bear the greatest concentrat
characters for solifuge systematics, from spe
recboneaction (Kraepelin, 1960réhe;mptseowi,t t1,9 8149 1 9119;5

aims of the project were to (i) survey extern

selection of exemplar species, representing t
of artheéer; (ii) evalwuate variation in charactert
solifuge taxa to determine their utility for
primary homol ogy across the order; (iv) prese
unambisgutoeur mi nol ogy, reflecting the hypothesiz
provide a guide to terminological synonyms an
|l iterature; (vi) i1identify potential synapomor
|l evel emuti ngxtt o the genus |l evel); and (vii) di
the chelicerae.

IMPORTANCEHBIFI CERSEBLI NUGAE

The chelicerae are the first pair of appen
(Giribet and Edgecombe, 2012). Their homol ogy
arthropod taxa has | ong been debated. The che
interpretédras without any counterpart in ins
homol ogous to the antennae (Latreille, 1829)
of insects, or to the first (Viallanes, 1892)

crustacedqrsassSn0l965) homol ogized the solifuge



antennae of Crustacea, and with the putativel
Latreille (1829: 207) was the first to homol o

antennae, antdhe ntcenrenisu c€dlael ec kawashorn) or

antepnece®$his view came full <circle with recel
studies, which confirmed the homology of <chel
first antennacr(uanttenemanses)eod., Giribet and E¢
supported by deutocerebral i nnervation and th
cheliceral/ antennal segment, and | ater by sim
pattern theaxrnaexiomodihets®l appendages (e.g., Sh

Solifuges are easily distinguished from
t wepegmented, chelate chelicerae (Fig. 1), usu.
mal e. Solifuge chelpecebaedyasezehailt @i gehel i c

1934: 52), rivaled only by those of basal pse
Cht honi oi dea and Neobisioidea (Chamberlin, 19
perform a greater diversanyi mfardywnatthermsch el iSc
Solifuges use the chelicerae for prey capture
1987; ClTohuodnsplseoyn, 1977a), fighting with conspe
burrowing ( Muma, -Tiho6pas;o nG| olwdrs7lagy a(nHle yy)mons , 1!
Cloudshempson, 1961, 1967a,b; Amitai et al ., ]
Wharton, 1987; Punzo, 1998b; Pe-Matti gawmg8 Wil h
2008a, 2010a). Whereas in adulhte fcehmdli es,r ateh e
remains feeding, the chelicerae of adult mal e

serve a crucial secondary function, namely re
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Amit ai et al ., 1962; Junqua, 1

and WiMaretmagrotv,8 2e0t0 7a;1 .Hr u2g0kOo8vas,

arthropods, the sole purpose of

| tisr ieitdhgeevelbdomand i ncapable of feeding. TI
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feeding
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d, on

t o
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t he
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t he
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flagell
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char

s ol

and the third pair of | e
ch the chelicerae are mod
only chelicerate that <car
elicerae (Kraepk934,1 12908
dentition, other sexually
e of the fingers (mainly
ses and carinama)l eand the
ar compl ex.

s known about the functio
acters associated with th
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homo

conj

cong

a

c

e
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e

eral characters are of fundament al I mpo
s to family I evel. The primary characte
I folna g enlall @ra ncdo nephlaeext a tta xoyn. aedntt he mal e f |
d in detail I n the present contribution

y include trmenwuwdmapé i mfgeclsel dcthrairedidoltaatxoyr,y

anhdsthe integumentr a(nfull ant g esn, amar icmane,l sg

t

c

ures, etc.).

ONHOMOL OGY BeNFDMI NOL OGY

concept of homology is fundamental to
2014). Statements of homol ogy provide
t iovfe pphoyweorgeneti ¢ hypotheses and the cl a
rson, 1982, De Pinna, 1991; Brower and
, 2005; Schuh & Brower, 2009). Patterso
gy, tiy eCi mifrorlmrand topographical <corres
ction and congruence. According to Patt
ter as worthy of testing, conjunction r
ence t ensotrsphfyo.r Dsey nPaipnpona dil®9O®dyercy aof fi ed
gy -atsem pd,yworeleesrseby pri mary homol ogy refe
on structur al and poeprtiooanmeal csoinmsitlraurcittiyo

ter matrix, ogrnd redeorsddroy pramalry homol o

oborated by a test of congruence with oth



anal ysis). Primary homol ogy assessment was fu
Brower and Schawaroch (1996:gr2a6p6h)i,c a cdceonrtdiitnyg i
di scovery of characters (Acomparable features
columns in a character matrix, whereas charac
within these characters ( codti nignvodl| vcehsa rsaccatreirn g
characters identified by topographic identity
assessment, which Brower and Schawaroch (1996
homol ogy assessment prior to cl adi satnidc anal ys

Acorroborated homology assessments after <cl ad

synapomorphy), has been widely accepted by th
homol ogy is recognized as an integral part of
anal vsigs ,( Del fino et al., 2010; Maidment and
Candel a and Rasia, 2012) and, indeed, as fithe
cladistic analysiso (e.g., Hawkins et al ., 19
representaposgnapomorphies to be coded into a
secondary homol ogy. Those which pass the test

a phyl ogenetic analysis become the synapomorp
classifications are based.

Even when primary homol ogy determination i s
character analysis remains essential (e.g., R
that character analysis and description shoul
(Vogtl .et 22010: 303) . Mor phol ogi cal data are mo

reconstruction when hypotheses of homol ogy ar
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t er ms
put at
Fo
mo st
commu
2010;

2010:

his is not straightforward, as Amorphol o
derratb,| ei ,eMdlovi ng many met hodol ogical deci

ery step of the processo (Wiens, 2001: 6

curate terminology is integral to the pr
ol ogical <characters, pr ohvarda cntge rtsh er evcoocganbi
milarity in structure and position. More

descripti tatements Ais crucial for t

<
(¢]
(7]

ning and the entire scrcenteptoabrgementa
(Vogt et al ., 2010: 303).

l i mitation and description of morphol ogi

QD
(7))

sessment for primary homol o

ogy remain hypot hersneisnosludbg ye cits tfoi xcehda.n gTeh, €

(vocabulary) applied to characters shou
i ve homology (Vogt et al., 2010).

rmul ating a terminology is not trivial

i mpbrobhagi cal research, requires data to

nicable (Edgecombe, 2008; Fusco, 2008; B

Scholtz, 2010). |l denti fied as fAthe core
309), utnesrtnmainndoa rodgiyz eeadnong aut hors, studie
nities, i.e. the #Alinguistic problem of

ompari son of data, resulting in incomple
S i nto c¢haryascetse ra nnida tcrliacsessi,f iacnaatli ons. Addr
and loxlesrsi dWogpgr et al ., 2010: 308):
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MATERI ALS AND METHODS
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ing the course of the study presented he

representing over 50% of the | iterature on so
ior from Linneaus to the present, were c
i ng t eryrmp ontol eosgeys anfd hhomol ogy. This | itera
s on the order (e.g., Koch, 1842; Si mon,
elin, 1899, 1901; SBrensen, 1914; Roewer

, Putnaml8%883BaRkscelb00; Birula, 1913,
nce, 1955; Mu ma , 1951, 19 7Mlat;h oWwhgahr teovne r yl
t was made to cover existing |iterature
tant works coaxtdemoitvdley,t rreatt el yasBi rul a

ugae of the USSR, published in Russian.

ven the importance of the context in whi
d etde ¥torciitnati ons or obscure usages. Publ i
al to understand the morphol ogical <char a

eferenced as thorodgthsltye dast hproosusgihboluet. aTsh e
newly appearing in the prFeoddmowilinegns r i bu

: Lawrence, 1965b; Muma 1917%34)Shmdnaegr 2@t

published in five parti$)overcihedeugeagsofq!l §s

|l owed by a page number, wher e aepaprl iocfa bplrei,nt



TAXOSAMPLI NG

Exempl ar species (Prendini, 2001) were cho
taxonomic and morphol ogi cal diversity in Soli
availability of high qualityeniigmatcitc madreen al s
asTor ePwusr cel I, 1903 (Cer omiSdyaned aMmaivae/r,, 109BP3) ar
(Daesiidae Kraepelin, 1899) were omitted, and
1933, as wel |l as some subfamilies aenrde gleensesr a
well sampl ed. De s piptre sterev ea unaittey i afl welrl many
sample included monotypic genetheofdaescendtsain
AmmotreRbewes, 1Ce3r4dataobdiltloen Cave and Simonett a,
Dinbaxinae Roewer, 1933, and Namibesiinae Wha
representation of enigmatic higher | evel taxa
Pocock, 1897, Melanobl ossiidae Roewer, 1933,
1981 (southern Afeaclani rGyll u @pipnglaregpresentati ves

Sampl i

-}

g was slightly skewed towards southern
approxi mately 29% of the gl obal genera and 16
families Eremobati dae Kraseepelaicrh,, 1U189%,amwdhi Sdl
| arger studies and were more readily avail abl
t welve solifuge families and 17 of the 19 sub
188 species (17 % ofed h(eAptpoetnadli)x we)r,e oefx amhiinc h
representing 49 gener a, and all 17 subfamilie

(Fig286 PIi1ls59)l, 45 species represented by both



representation is in altd,|l gkeéenhbobd probfemsa
generic classification of several families, e

Lawrence (1956: 120) euphemistically describe

MATERIEXIAMI NED

Material examinehde ifsoldeopnsnigt ecdolilrectti ons: A
Natural History, New York, U.S.A. (AMNH),; Cal:
Francisco, CA, U.S.A. (CAS),; Denver Museum of
( DMNS); Hebrew University iorfi Kkalues aUreimy e rl sirtaye,
( KU) ; Museum of Comparative Zoology, Harvard
(MCZ); Mus®um National dOoOHistoire Naturelle,
| 6Afrique Central, Tervuren, BAtrgchmi d MRAEB) ani
Protection Research Institute, Pretoria, Sout
Nami bia, Wi ndhoek, Nami bia (NMNW); Senckenber
(SMF), including the Roewer collectiome(R); Ti
(TAU); Transvaal Museum, Pretoria, South Afri
University, Sweden (ZMLU), Zool ogisches Museu

( ZMUH) .



SPECI BDENTI FI CATI ON

An attempt was made to identify the mater:i
as possible but, given the inadequacy of keys
revisions, misidentifications at the species

identifpartionl asly di ffitalck faochkeémaleesal Feéi

their chelicerae and associated characters ar
species, and in some cases among genera and f
to femdl adh,esleu proved unreliable (Lawrence, 19
(e. g., Hewi tt, 1919b, Tur k; 1960) cautioned a
variation in female opercular shape permits i
Eremobat(iadag., Muma, 1951), Gylippinae (Birule
Gromov, 2003a). Some juveniles remain i mpossi
someti mes even to family, wunless collected as

species tiideemttiferceaf ore depends on adult mal es

primarily on the cheliceral characters thereo
identified by reference to series that includ
| ar ge wsheerrieewser possi ble, but for many taxa the
i nadequate quality.



DI SSECTI ONSP EANDMBRIEPARATI ON

Speci mens rather than illustrations were u
of homol ogy. Line drsawitnges dsdlfcamnxerst riany si ze
whereas photographic i mages may not accuratel
on the angle and extent of illuminati on. Man i
to assess the retatiova, owbrtchpcahndéenbe infer
|l 1l lTustrations in the |iterature were, however

When permitted by curators, a chelicera wa

mani pul ating frewendhted irceguwlet wiars Ifeoss damage t
i mportant characters such as setae. The dextr
when damaged, by carefully cutting through th

|l igaments and amuddlse btaissesuwdds h a pair of ophth

freeing the condyle from its socket in the ch
not to cut through the chitinous | ayeretare dam
to exposhk ahd detail of the dorsal finger, an
common practice among New World workers, and

but should be discouraged when few speci mens
to char acenretrisalofi nppootr t ance in solifuge systems
during the present study but, where found to
origins were indicated in figures.

Chelicerae preserved with the finghers clos

When permitted by the curator, c¢closed fingers



recommended by Muma (1985). The chelicera was

containing approximately 20% et hanol and heat
drier, 12 dmnucde.s,1 depending on size of chelicer
|l oosened the tissue sufficiently to facilitat

The pattern of c¢closure and overlap of the fix

exami nedmaAset hen which teeth are situated, r
chelicer aar ef icnlgoesresd i s not al ways apparent whe
cheliceral fingers of some specimens were for
in silicen $eahandes®. The chelicera was caref
starting from a position in which the chelice
turning it to a position in which it was para
werengly fAforcedo between the closely inserte

Teeth were used as | andmarks to evaluate p
rather than absolute position on the chelicer
the flagell um, rreltaotoitvhe, twoa sa dpeatretrintiunlead by dr a

the cutting edge of the fixed finger and a se

passing through the point of attachment.

MI CROSCOPYIMABDNG

Speci mens were examined sutseirnego sac oNo ek o(nA MSNVHZ)

an Ol ympus CKX41 compound scope (Colorado St a

Most cheliceral i mages were taken with a Niko



MLL1 00O dingaigtianlg system at the AMNH. i mMhgefstakk
were combined with CombineZM software (Hadl ey
1015 i mages, although the number ranged from t
Eremobatidae (Pl s. 65, 67, 6 8, 70, 72, r76, 79
families were taken with a Canon 5d (Passport
combined using Zerene Stacker (Littlefield, 2

Daesiidae (Pl s. 142, 143, TH4A4NIFO&AH, SARREgiI dFae

takenawieihca EZ40 digital stereoscope. Line di
di gital i mages on a WACOM (I ntuos4) tablet, w
specimen i maged under a stereoscope for accur
obscured ibny tsheet aemage. Adobe Photoshop CS6 was
and drawings. Scanning electron microscopy (S
structures which could not be clearly il lustr

crifjpiocalt dspedtaendcoapeld| swdi bmgoe4d/ 60) prior
JEOL 5600 at Lund Universit-$EMSwatdtenhheaAMNHRAC

JEGLSM 6500F at Colorado State University.

PRI MARIOMOL OGASSESSMENT

A major aim of tbe wasessépnt scoonmeyi bakei vari a
cheliceral characters and character systems o
primary homology. Primary homol ogy was assess:

and Patterson (1982, 1988)erRamanedpobcid®9bdn (
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ogy, including similarity in relation or

nuum (linkage of intermediate forms). Pa
ogy include t waoryyfhaomdleovgayh caes $ @©s pmamt , i
and topographical correspondence) and co
ame individual organism cannot be homol o

arity 1 s often Rbei mbauspowanfiuMotirneer?
nflict among the criteria, e.g., similar
rez, 2007). Such conflict was encountere
' ar characterssyyteoms stdwettwuwo ead dinde di f
These conflicts were r eseslpweecd fhyc acprpltye
scriminate among alternative hypotheses
I on ( malhe rfel aganpleum)n.g Wypotheses remaine
ced, with alternatives mentioned to perm

ator hypotheses concept; Rieppel, 2005;

TERMI NOLOGYCONNIENTI ONS

other aim of the presentacountat dbutcomc ws
iguous (Gordh wedmHepadoggkfolO0OOharacters
mol ogoussi Mialsaerd sotnr uct ure and position. | n
nmntr aadnd i onal usages were considered to fa

applied here are not rewduot ntahne, s108I8i3f;u g

Fichter, 1940; 194disMalhki od®irOoObhdawachon, 19:



gui danoebtvawasned from terminology applied to ot

from the spider |Iiterature (Ramirez, 2014). H
descriptive accuracy), comparability among ch
amongerddrftf series of setae on the prolateral ¢
consistency were given primacy over | egacy us
devel oped to render some positional terminolo

As the aim was f ore acecumi antod oagrnyd irretawiotnisv f o
terms are not el aboratedpdexcepatenalt hascdsec
the opposing |l ateral surfaces of the chelicer
which have not prevdesstybbesol usedet morphol o

many other terms newly proposed here.

There is no consensus in the solifuge I|ite
cheliceral orientation, despite its iinmpmoertanc
anduter and variants, internalar exdacecmmand ,( d.ng.
Duf our, 1861; Purcell, 1899; He wi-ltei,t «109,1 91b9 3 & ;

Panouse 1960a,b; Levi and Shulov, 19604n;, Si mon
1981; Maury, 1984; Armas, 1994; K| aemndio&l| Al ber 1
mediaamdat é Rakbwer, 1934; Kraus, 1956; Turk, 196
al ., 2010) . Hewimagsi(alod® bused)bwsBdookhart, 1

i nt enrgcehaab | iyn wwe Mbhma (195 1e s @itmmoarw)c tabhudt e r )

terminology subsequently foll owed, with few e
workers in the New World, especially in the U
2008; (Cait eentazal ., 2009; Carvalho et al., 2010)



Unfortunately, none of the abovementioned 1
orientation as @Mersatthdierf i hefdi mist iNadres.cri pti ve
positioned on or in tdlye® mMediram minan edeafdrtitcek , b
is therefore appropriate for describing the p
the chelicera adjMecseinal def itrheed maidlficheescri pti ve
an i maginary | idrye iditwi diefdg talmel bbo ght hal ves;
bodyo (Gordh and Headrick, 2001: 570). Althou
to the surface of the chelicera adjacent to t
ot her serialdpypeémndmeodeogousedi pal ps and |1 egs) ar
the opposite surfhBactcaldéfithedchel idieracted out
outer surface of the €é bodyo (Gordh and Headr
used as the aaltonfomwevemestihi s term and its at
their synonyms, outer, external, exterior, an
appropriately describe the position of struct
rather than tfhaec eosp poofs itnhge scuhrel i cera (see Acost

defined as fidescriptive of structure or movem

Headrick, 2001: 512). As such, its wuse in ref
adjacent to tihtes nopdpaosniet eors urof ace is correct |
refers to the side of the body. However, the 1
surfaces of the chelicerae or to account for
homol ogs @faltplse amaldil egs, to which consistent
A consensus in terminology among different
desirable. I nner and outer are the predominan



i n AmbIl ypylgli70()S haenadr ,Ar aneae (Sch¢gtt, 2000 Hen
ot her terms include mesial in Scorpiones (Ale
Pl atnick, 2000), prolateral (Bossel aers and J
Jocqu®, 2p0roe2nd arnedt r omar gi nal (as terminology t

1994; Bosselaers and Jocqu®, 2002; Ramirez, 2

in Opiliones (Snegovaya, 1999). Terms of ori el
homol ogy eodfi ctehrealchsurfaces are complicated by
undergone considerable rotation, at | east in
order s. For instance, the chelicerae of scorp

surface abdpamedti he tn effect faces mesoventr
opilionids, such that the surface adijraecent to
more commonly referred to as ventral and | ate
| abi dogsatohi entations of the chelicerae of sp
Zonstein, 2004) | ead to a complicated termino

mesal and ectal, and the prefixes fAprodo and

chel iec.eg.a, (Ramirez, 2014).

Pr-andetrobhateecammonly used in spider (e.g.
2014) and, more recently, scorpion8lldz erature
Santill 8n andpkremdinning 2013 heepeéeditpalaps samd a

of which facke é6orwacklwdpdloeérebhebicerae, pedip:

|l egs are accepted as seri al homol ogs in chel.
termsampdoretrol ater al are ampltopgpouateutbadesc!
these appendages, despite the fact that the ¢



pe

ac

co

di palps and | egs.
The terms prolateral and retrolateral, con
counting for posigtyihomarandppéiiedl thowmolgbout

ntribution to describe the surfaces of t he

away from the midline of the body. Subdivisio

r e

r e

In t

al

ferring to topologisalppsessitoonal cdesatesppoe
tuated on different surfaces, for example p
troventral, etc.

A glossary of ter ms (dlepspcen doitx vZe) ,s tead cehmewitt |
storical synengmsem@dovinded.dfeadamsr efnentdrecagl o
e indicated in bold when first mentioned in
dictionary of ter ms, however; it supplememnt
rm gphosbary is referred to in the annotated
erpreted illustrations accompanying charact
bstantiation for descriptive statements and
, .2010)

Ot her terms and phrases used throughout in
rectedo and fAsclerotization. o ADistally dir
sition with respect to the cheliceesapect e.,
the body, respectively. ASclerotizationo r
sumed to be a function of the thickness of

gmentati on.

A comparative approach i s nftolcloomweéd Ibtul ri mwng h



beh

pha

cussions and examples pertain to male char

assist with orientation, the illustrations
chelicera faces | efnt rient rporlcaltaetrearlalv iveiwe w wa
eptions.

Di scussions of functional morphology requi
reproductive behavior. Muma (1966b) ident.
tack, contact, and rebhedsapshmptoves!| ap o

accommodate observatrtremobadoif dmawaaxag Mal eone
avior is here divided into three main phas

se, and release phasednseaCablwetd) further



CHELI CERAE

CHELI CER®BRMI NOL OGY

The first cheliceral sepmeotpnaeterdadcéeow
spider |iterature (e.g., mRambread bPaas4), sechns
chelicera), and termihiaxed ( do a(srilogut glir)m.gveThh,e t
manus contains the cheliceral muscles, which
along with the trachea (Klann28Re@B08seWVWahOladaes:

161) mentionedi asi pesehéi Esnmgers i nmewgklrged

(ventrali)s ftihrkrgesrecond cheliceral segment. Al th
been applied to chelicerhé fenmgefi hgessli supge:
(Tabl e 5). Each finger bears dentition (teeth]
fondal series of teet hmeodn atnh es Bfrit xeesd hf iomg @ rh ea m

finger. A slight bndohaddnixeg dt ntglee Ibhadeveefn t h
of ondali seeéehmed@itmen, 1879a: 126, 1880: 402;
Fichter, 1941, Muma, 1951). THhHe nfdeadnd nios crhot s
present in many er emoblahtei ddimalad s p(ageae olf e lemw)h.
t hmucr ONaur vy, 1970), trhedepamedomhefricmapedi dit atl alt
on the fixed diisttgpelrt h(eFDne,diaand t oot h on the mov
measured from t hedinrod acthl y fd it shtealt otod hFD or MM t
(FT and MT; tip of ufsiumddry) .AlbTtheh tlrglscsrt dh earped si t i

and MM can often be approximated, when absent
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a
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de
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me

not al ways poaesimale, mamgi n hef the mucron |
entifiable, nor deducibl e.

The movable finger articulates ventrally w
circular opening (Roewer, 1984erdogameé®) f r

the base of the fixed finger. The foramen

mar cated by tmae ghasalbefacndagbamial ondal reBR)Xx e
eitrh som@nitratxear.di gi t al ar ti coaud mmre artesmbtrhaen ef i(X ea
vable fingemastiamnmdapeomi { ¥an der Meijden et
mbrane visible refeheefddomndamemte anitehaei gi t a
ticul ar (nfeinmdbmyla ntehe part connreectiinngge rt hvee nma vad &
e mawnearst raal interdigital ar tTihceulva ra nme nsb rfal naen
ch side by a fortified asetose area, probab
tachment points, at the baseplodgulha, modmab,| e:

the manus (ventral Tha&nwsnppltagumli am,atvmp)t ea

i stinct, rounded and strongly sclerotized, e

ferred t o r epsrpaencdt irveetlryo taast dirhgd yi(l@li ccand ri c) ,

—
o
c

| atpm@andnt et t bleat eral ohtehdimovabl sot k|
ese condyli together form a ventral bi condy

nger arti dulxetded iwigtelr .t iTeh & rhbicctosn dnyolvaermemitn goef

fingers to the dorsoventr al pl ane-l i Ré|l mawnngr t
(Kraepelin, 1901) and transforming the chelic
defensive appendages they arerdRgeweal, cbhbh4:l i

de

termine the rotation axis of the fingers (V



fi

nger c¢cl oses prol ater al to the fixed finger.

chel i

t o

e

i s

e X

Th

pe

cerae closed retrolaterati tact hef fficxeded
amine dental overlap in the present stud
e chelicera articul ates basally with the
ng through which the chelicera connects

reerde taashte lhiecer opel t.i dAitalt hfeoreaxmesmr nal mar gi

Il cera, the exoskeleton is mar-kelg&yalbent i

cer alwhaipcond esnver r ounds the foramen. The bas
|l aterally to form @hedlierotoipzé d(iqupia)t,ulte®m

articulates with the propeltidium of th

iceropelti(dhali aenocal apeao&®bubttzicubPad) on

t ed awmittelrion attlee al rfopdelet ipdioslomaol{di g. 1A
ro, 1934: 32). The articulation site is o

| ti di alle |leorbeex,astrhmealpachel i ceropeltidial ¢

pceMel i ceropel tidial ar tcocnuneacrt smetnhber acnhee I(icg

p

er

b

I b

rosoma. This membrane is fixed to the <ch
nal chebiasesataapodmmehet hus forming a mem
asal apodeme and foramen. Sections of th

|l e anterior to the propeltidial |l obe, an

bercle in ingaclA)speci mens (Fi



Sl ZE MONBPE

MEASUREMENTSlI i fuge chelicera are often marked
Al t hough the absolute size and shape of the ¢

aspect ratios and relative fi(Fg@r l4dgngttths)s ars

di fficult to quantify. When measurements are
usually are dimensions of | ength and height (
(breadth) is occasional l y iitnhc|fuedwe de x(cee.pgt.i,o nMa u(
1980), the terms Awidtho (e.g., M@maguek93h,d B
GaviRJoo as, 2000; Peretti and Willemart, 2007;

(Cl ouddbepson, 1961) are scraidbei omhal Vegr uisedl t .
cheliimende sol i.f uge tlhiet eprretsierng  cond{friuputi on,
(2014) and in accordance with common usage in
chela, Vignoli and Prealnd,i n2Q012;008r,udtoacean oc lee
Gregati and#rHdegoeiorbo02007) this iIis substituted
(breadth) is reserved for the horizontal axis

RATI @&rious indices e«lialt s$shapgeanhfEidy Shel
indexo of-TKbmpsehmhefyl961: 149) calcul ates the

(l'engt h/ hei ght }T h owhpi sconn Il 109u6dls)l eryeported as | ar

femal es, a general trend adross ometdelrisf ga g
Panouse, 1960b; Punzo, 1998b; Peretti and Wil
here &4 /tCGhtéet i o (Fig. 5D), is synonymous with t

Brookhart and Muma (1981) and t hkRoQla/sCW 2i0r0de x



Hi gher CLOLOCHXWhdos do not indicate a | arger ¢

vol umino
proposed

chelicer

us (robust) Cthé&Mitciea a( I(eFn ggt. h /4wi.d tThh)e ( F
I n the present contribution, similar

a. The CL/CH (traditionally referred

rati oguahuisfy sexual dilhomehggmmen | ehelniaadaroave

mal es an
Ssi ze. N o
confused

Accor
more pre
i ndexo,
compar e
of pedip
propel ti
species
therefor
chelicer
compared
mal es th
t he A/ CP
speci es.
indicato

cal cul at

d robust in females), rat her which se
te that the CL (Achel i ikle3rAdl slhionud ad) nooft
with CL fior tdhteelpiresrealt Iwoemdgth (
ding to PuA/z@Pa(tli®»9 §B)y,0otkhemart and Muma
cise comparative measure of c¢chelicera
or CL/CH ratio. However, the A/ CP i nd:
cheliceral sizes as it quantifies the
alp, leg I, and |l eg IV) to body | engt
dium), not the ratio ofoobebpgedr al | e
present a higheggAR/dCRpeaxlies .t Tdar (K CP
e, inadequate for comparing relative
al l ength is included withingthé fbod
t o t heehdleinggarhalofammpensndages, whi ch ar e
an females. A/ CP values are thus expe
rati o can be uselde gge diasine ghgogduad rsth bet
Brookhart and Muma (1981: 286) found
r for both sexes. Muma (1951) initial

ion of total body |l ength, but i1t was



1981, 1987, Muma and Brookhart, 1988) due to t
greatly extend when gravid or engorged.
Twai mensi onal measurements (cheliceral | en

indi cations of variation widrhdeas tlhet weeexre st, h & n¢

(e.g., smaller cheliceral l ength in males fou
sexual di morphism in body size. An apparent g
size) male chelicera may tbedynsiazd.i fRertetotfi dar

(2007: 32, 33, table 1) reported | arger cheli]
erroneous interpretationhbfgheheaspaspecatrat:i
not indicate | arger rcdhaladiicealayp elcimg matt ¢ ®, chet i
femal es due to the | ar gwan ddeenro nMeniajtdoern ient tahle.
menti oned that rhagodid males are smaller tha
Amuch | arger 0 t hawhetrlreamasse nmafl ef €Gad leeosd,i dae Sunde
Agenerally do not have enlarged chelicerao bu
Geometric morphometric analyses would provide
proportions of male andhfeewmalderchel i cerae acr

Sever al espmobadtcdratios (Fig. 5H) have be
Muma, 1981, 1987; Muma and Brookhada¥X¥3A; 1988; P
Brookhart and Cushing, 2002,FNLV/OMNH 285 ( fDOngdal
notlcehngt h/ f ondalFNHJtFFaH hei ghonpdal notch height
hei ghtQH/ FaFdtlt i o (cheliceral height/fixed finge
introduced by Brookhart and Cushing (2002: 84

provi deememassirf or fAispecies in which the fondal



suchHemer otrecBa ookhmutaand Cushing, 2002 (PI
useful i ndicator for species which exhibit a
the tasethe species examined by these authors
Brookhart and Cushing (2002), suggested that

the present manuscript) should be measured at

wi t hao uftond al notch, but did not provide actual
determined, the CH/FFH ratio has only been ca
narrowing of the fixed finger. There is no re.
appbileato conserved cheliceral shapes, provid
(l andmark) is specified and used consistently

eremobatid fixed Stwbekenacrows dntectly prox

proxi mal )toothh s(pPPBint is the most appropriate
in chelicerae with conserved shapes (Fig. 51)
Ot her measurements used on solifuge chelic

space occupied by the teeth om tthe awexabdfe tfhe
proxi mal tooth (MP) to the apex of the medi al
t he | engrtent roofd otrhsea | poroctelses f(IRDEPg finger rel at

the fixed finger i mpampl & egdpewfmemasb(@fwedah e

and Brookhart, 1988; who also described the r
process) .

LANDMARKIShe shape of the chelicera and the ma
propeltidium hinder the identoficacoodi o§d una
measurements, often resulting in subjectivity



al

Mu

t h

finger are measured as the distance bet wee
ngth of the fondal notch as the BdEXxi mChmedi s
ape determines the highest point of the che
asured height across the manus in Eremobat:i
vabl e finge i n Ammotrechi dae Roewer,| 1934.
ngth is als ambi guous. Pocock (1895: 78, f
om the Apoint of articul d&anen Puo ctehé dA80 90
so measured fapex to hinge. o0 A similllay meas:
ma (1951) and Brookhart and Cushing (2004:

at this was conducted Ain such a manner tha
ithin the chelicerao and when At he fitxheed f i n
ngest | ine of measurement were utilized. o |
veat of wusing the basal articulation as a |
moved from he prosoma with the chkéicerope
ticulation oint must kRPextazpproxichaitecderepegl
ndyl ar attachment (ecpca). Fortunately, the
opeltidial obeTshr(eFed gal tleAr,n aPtli.v eBsAewoBUl.d be t
trolaterally in a direct I|Iine from the fing
eliceropeltidial | obe (Fig. 5B, line i.); r

is from the fingertip to the hbheteFigr By gl |

.); or dorsally from the fingertip to the a
ird metric was found to be easiest in intac
ich the chelicera was remogvdad. rlelceo mmernmerd (i



current contribution because of i1ts utility i
the axix of measurement wused may yield differ
l andmarks in | ength measurementsrbkeepewétabi $i tg
comparison. For the same reason these should
and width.

Statements concerning the relative | engths
often malreudlagst,i gov §, et al .8,1:2¢U0bat Weramat on
subjective because the | andmark defining the
defined. The interdigital condyli, which repr
proposed as an unambiguous| éagtdmaok fbe MmMeasd
movabl e f i ngedrisngerotnidpy |lei ne; Fig. 5G). This | &
rotation axis which affects how the fingertip

SHAPEMost modi fications in shapd i cemadr i itnige
which, in some species, 1Is elaborately to biz
137). The fixed finger is wusually wunmodi fied
some AmmotaadhMdamemycitihédadéi xed ddinfgieed i dompalel
females than in males due to a more pronounce
(dhior s al humpo of Mwma, et19%l1:. 2PDA262260272) g8732

Bot eflug i r o, 2014: 325, figs.ovlalb |l el 7()v.e nMorda If)i cfai

to be |l ess pronounced but may involve slight

the apex (mucron) including, e.g., varying de
at the apevxentto aflornnp Fac . (n¥aBl)anMlu Br ookhart, 198¢
mucron of the fixed finger is wuswually more sl
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oked, bent oKrarasndaullaaer ,( €l.838.9, males in Pl . 5
rved (e.g., Galeodidaliamatesnds &ite é&Ci)dehmh:
ape, e.g., a narrow chelicera is common in
elicera in Dinorhaxinae (PI. 56B) , Héxi sopo
, and a narrow chelicrerrMel @afnadflnosvsitihnden@PIf .
other recurrent pattern is the Oeremobatid
rtical fond (see below) and a fixed finger
th or without a fondatomotbé fepdr@Figg T7TAg

ape is evident, albeit often to a |l esser de
esi i d®Be tBs whyl(aRuwrscel I, 1899) (Kraepelin 19
esia 3uyubwlyat ppi nascliPi da&58FPI, . KaOA), Lipoph
d Ceromidae (Pl . 91H).

Several taxa exhibit distinct gaps (notche
e fondal notch (FN) is situated proximal to
ual | 'y ,t ocad ttbheusgshecrlee spr esent i n some eremobati
diastema within the medi ame gieali ersq,t cilesf (eaviN )e d

othless areas between the fixed finger medi
bmedial (F&EMp taotlker al ways situated cl ose
xed finger proxi malke pFRpencetlof a di astema
t chosits pmomi nent i n Sol pugi dae,Sodnpdugiesmaa di a
ewer , 1983 (R eE&wed2 @y |l y positioned, but | es

aces occur in ot h&al Swd ipsutdaK dhmaespteattiap., , 18189 9)

Ammotrechidae (Fig. 7D), and apparently Karsc



Because thet ¢lonidalsi tuatmnedigenoxe snal wher eage t he

notch 1 s sitmadtdesdenrwietsh,i nt tehsee t oot hl ess areas
homol ogous (Fig. 7). The medi al notch and den
di scussed under Dentition, Solpugi dae.

FuUNCTI OM®ORPHOL OGY

MATI BEHAVI:fhe si ze and shape of the chelicer
reproductHrang kiwavr8gyi govsg et al ., 2010a; Van der
example, Van der Meijden et al. (2012) specul
malnmeal e anml@agmingtst expl ain the apparently |l arg

Rhagodi dae (although how this was measured wa
Hr ug kMavr8t i govs8 et al ., 2010a) have suggested t

adapted for dirrichgioaovpldlvaetmeonn. du

The fixed finger of males is the part of t
mal e flagellum originates on the fixed finger
general size and shape, as whblii@aatiowonshefsha
movable finger are relatively rare and includ

mal es of s o nNea ntiabxeas,i deapga.leinicd&aP|11s96 21 3)2 Aa,ndl 33 A

Tri choticma e(l Ksreaneipel i n, D91 B8)BAPHes .f BivcAni dmalance
of modifications to the fixed and movable fin
possibilities bcaasne deo ns uag gfeeswi esdpeci es i n whi ch

reported.



The relative I ength of the chelfiicaanl fing

dorsal) finger, i n males may be of functional
hol ds, or kneads, the outside of the femal eods
while the fixed finger remains insweved, inoth

such correlation appears to exist for the two

(HrugkMawv®B8i govsg et al ., 2010a; Perett.i and Wil |
the |l ength of theslfuivn qae (dd aiseHddBdlsil)e e(nRl .i n1L 321 , J
i Ol tacola Roheaweensil® 34. Fruerltahteirvneo rlee,n gtthhe of t |

di fficult to quantify, emphasizing the need f
unambi guous | andmar ks, and accounting for the

The shape of the fixed finger ighperdlRa@ll e

reproductive tract. The fixed finger was obse
reproductive tract Iin representatives of Ammo:
Daesii dae -MaHdrtuigkoows® et al ., 2010a), Eremobatic
Gal eodi dae-MaHkrtuglwsg et al ., 2008a, 2010a) (Ta
fingers are inserted (e.g., most of the finge

dfif ering interpretations regardiThg thlaer pmwoXxi maé

tmering shape of the fixed finger, combined wi
facilitate a fideepo insertion in Eremobatidae
insertion was explicitly mentioned (Muma, 196

eremohlat may al so be an adaptation to enter an
oviducts of eremobatid females (Table 4).

The shape and intersection of the apices o0



suggesobebde sexual di morphicy fasndpi ociemg oma wu &

mat i(fhegr et ti and Willemart, 2007). Il ntersectior
mal es (e. g., Pl . 62D), however, and is probab
with ashsapyddetfi xedi fpiopdharsg iBuagcae !l |, 1903 (Pl

which pinching or grippErgmmhgsappearcohdbetehb

which may be relevant to mucron shape include
contact, presumably to sutbiduaendrWimalne mpairl ta,t e2 (h(
the female genital operculum in preparation f
2007; HMagkKdw®OHVvE et al., 2010a), dragging the

inseminatiomho(¢@psads| 291} heogeal ¢tsinopening
insemination (Heymons, 1902; Ami t ai et al ., 1

reported i n (EMuenmmeo,b alt9 6d6abe; ,Puanlzlo,ofl 9wBh8ibc)h poss e

straight, apically pointed cheAscebaétrVakednts
suggest that sperm is deposited in the form o
the type of packaging (Table 3), mucron mor ph
up (Amitai et al ., 196-Mar Whago.v,8 n2e0t 1108, B 72;0 OHBrau) g ko

catching -T@6bopdeshey1961) and subsequently hol

sperm droplet into the female (Wharton, 1987)
sperm transfer was direct and theethéMumara n
1966b). This behavior corriekatmgescwomnhoft hehet i
of eremobatids, a morphology that would appea

't i s here suggested that modi fipgadi alnlsy i n

the fixed finger, -am¢ @padatptacpwinast droy mprebing



geni t al ar ea, rat her than insemination. The f

sperm in Eremobati dae may have frnded tfaenifliyng

hypothesis iIis supported by the observation th
di morphic species occur in Eremobatidae, the
Unfortunately, the paucity of data owamaerning

restricts further understanding of this matte

eremobatid chelicera (e.g.-iRle. foXxdd Wwinhlgea, t
in other, diverse families,gesnggedte ngot iemiplo:
mating strategies (e.g., Pl . 85A). Another ex

mor phology is the similarity Notmopuga shgpea

Maury, 1976 (Pl . 148H) s ¢®ihd 0 mpa)rsiciddn dand
possible correlation among mating behavior, f
cheliceral mor phology (e.g., similamBitio@as in

Karsch, BBS80143) may i mprove undreghsdlamglyy nogf otfh

mal e chelicera, both among distantly related
OTHEBEHAVI:SGrRe xual di morphism in shape i s not 1
mating behaviMart i gowgkew8 al . (2010a: t9wg desc

species observed by them as being fistraighter

females, and inferred that this difference in
insemination, in particular during the fAcont a
observationsertion of the entire chelicera in
mating (Amitai et al., 1962), few reports of

chelicera, although the male chelicera is gen
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greater bite force at the -tipsngfgaheodhdsi €¥:

Mei jden et al., 2012). However, thgrmavabl| ¢ or
finger proxi mal tooth (MP), i .e. the fAmain to
Gal eodi dae. These authors thus suggested that
burrowers than rhagodids, but witétlaegrtehaarr
rhagodids. It may therefore be possible to as
di fferent solifuge families to their dietary

investigated the components of cheplriecyer &Al | mom
body of research on the chela (claw) of the <c
insights into the functions of solifuge cheld]

chel ae possess a higher pinch fohcehebhtethe ¢

typically possessdgadgmol amesr et betth)] whereas

|l ong, narrow fingers are typically weaker but
more numerous molars (Taylor, 19990gad&xttmai n
sl endelrti demtedti €eer ae of the small Mel anobl oss

mi ght be an adaptation for speed over force i

INTEGUMENT

ASETOMREASThe chelicerae of solifuges are cov
specific areas devoid thaegsetods e (amrdg a<lfBR,rr@,d RI
Large areas of the distal parts of the chelic

and al wauydsi ngnct he teeth and cutting edges, ar e



shisntyri dul atobgpapbmigedhleat 6speriStdgedul atory Ar¢
t hienterdigitalntcomdylman@asdcp) aghué aventrodi st al

manusd tame wdmtirlalr di g(ividat) pglhaeg blasse of the moyv
which connects the sockeiAseveserarkewns(Bre. u2aG
defined and heavily sclerotized (PI . 4). Il n H
asetose area on the fixed finger i scalslumd |y |

(Fig. 6A, Pls. 127C, 128®l | E3 ;oWwhentpossé&éods§as
|l i ke processes, or tubercles.

Setae and structures derived from setae (e
within asetose areas and, if situated near th
usually curhwe asreowrid ttheiCyt.r Aptparmre n(tPlexcdeht i c
the gylippine flagellum which appears to orig
(Pl'. 4D) and the setae occurring in the fonda
However gett heemf lod Gyl ippinae is hypothesized t
basal part being fused with and i mpossible to
the fixed finger, much | ike the shaft of the
of the fixed fiMgke Fbagebbtomi andiorRlCagsklrar C

examination of the setae apparently sitububéated

in Pl . 4F) reveals that the asetose area is s
prol aterally, and reduced to a narrow strip wh
Unli ke sespeci tiaxomornl i ke cheliceral process:¢
carinae and toothlike projections),h cteesdetca al |
the asetose areas of the fingers (e.g., Pl . 2
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more prominent and/or extensive granul ation t
(compare sexes in e.g., Pl s. 678B, D, J, L, 10
H) .

SENSORGAN$lansen (1893: 178,dpttwo 3l,yrfiifgor 8)on ¢

situated ventrally on the chelicera, near the
finger, slightly distal to the point of artic
segment, slightly prolxatmadn t(oPIlt.h e6 A)o.i nHanosfe m r(
these depressions as consisting of a small nu

surface to open to the outside via narrow fis

the few taxa avail ab883joobseudygd Hasbeght ch

of this organ on the manus, notingGaheopdes$i cu
Ol'i vi er ,Cllor9el to these structures, and report e
of |l ess defivimdd drepured st @mne situated proventra

and referredmedibeeat a@HIt.oe6ég;anal so distinctly

irregul ar depressed area on the Weamntvradlhomertgi

al ., 20109) 26t hbugh more distinct in some tax
appears to be present in both sexes of all sp
medi oventral organ are all situated on or nea
whi ch ilsealrdsys demarcated than its dorsal and d
reveals the margin in many species to be I arg
setae, which may be associated wilh)h tshiet unaetdeido
dorsaé venthal margin of the stridulatory pla

A concentration of sense organs occurs on



wa s

ar e

a where the fingers articulate. The pe
surface of thwengedilpdaloptdhexa heilnecectrlay

a distinct outer morphology comprisin
d papilla referMegdduongbpodpest tbten t (19 1LID:7
zl e. Assocjatefdewried tbeheoezas the co:
al glganandcdedaxal( gl agdsnozzslpecsgetvaed y( s
r to and on the nozzle i1tself (Pl . 7).
side oft st haesemofAl deatti, 1979). The pl a
appears to serve as a conduit for chan
ra (Pl . 7)), as noted by Buxton (1913).

mor phol ogy aaaxrdd dti hree cricigsined § isseyt acef t he

lated with it. Regardless of such differ

od

ne

al

I b

ry

orsally directed orientation of the no
d. The morpboél ope aovdapogiandnopti mi ze
chelicera. The palpal coxal gland 1is
ution because 1t iIis not part of the <c¢h

organs of tfher tchhed iicevyastsihgpat eéld behowe\

STRI DULATABR®XRATUS

TERMI NoLdeawdi bl e stridulation in solifuges, b

reported by P.S. Pallas in the 18th cent ul

a

of

ridgelse pioluat edalonsurface of #®the chel



10) was first documented by Dufour (1861: 393
stridulatory function to the fAisharp keel so an
t het ri dul atuosr yKrageppae laitn (1 89t9r)i duwssleadtt @ rhyet tied g s
time, and the surface on which these ridges a
stridul ateorgy. ,arHeavs t t i, d d P 8tUTQurykr,pllax6e0) . Tur k (.
the fagsdcitaote the modified setae distal to tt
stridul atory apparatustraddl| ae(Friyg.e éd ;b ePItd.e skl
Hr ug kMavr8t i govsg et al. (2008b) suggested that a
twonitdeal files, one on each chelicera.
MorRPHOLQGYh e structure of the stridulatory ap
taxa. The stridulatory plate at the base of t
approxi mately parallel sumddohatlwe ystriiddelsato
not cover the entire surface, but are concent
plate is covered by ridges, and their number
23A, 24D, 26A, Pl s. 8he9fli.rHantsencdm@B®1B83¢ whes :
among families. The first SEM i mages of strid
gal eodid, and a rhagodi djThwenpe omr awnidd e nisyt a@lt
(1984), who summlaevelkddi tpwefteemc ¢esarrlea er by Han

Based on the observations oThdmapsem £1&893) an

Constantinou (1984), SEM images -MaowvigedSbgt |
2008b; Carvalho et al., 2010; Egtlek, R29Q&68; aBad
CorroncaBot2DrlaBj;i | Il o, 201%, &a&anondi matenial eXawir

present study, tlhe efloldlidvwierge nfceemi Iwer e i dentif



Stridulatory ridges appear 1i®; bHambemr,ntl § N
Short, well developed ridges are arranged in
stridulatory plate in Rhagodi-thempBRbn afd Han
Constant84ou367,9 fig. 2). Vestigial ridges wit

Gal eodi dae (Hansemhap8onChondd€berygtanti nou, 1

Hr ug kMavr§t i govsg§8 et al ., 2008b: 444, fig. 1). Th
relati veldy ofherntmid ar | ength in Lipophaginae (
Gylippinae (Pl . 8D, E). Stridulatory ridges a
Well developed, parallel ridges cover the dor
Sol pagi dFi g. 24 A, D, Pl . 9 A, B). A reticulati
stridulatory plate is all that 1is present in

1931; but see Purcell, 1899: 383). dwdd dfevel
which are especially |l ong, al sdbhomgsoniandmmo

Constantinou, 1%84: e36&,| .1) ,@ OMBmMmMU2c8i,i dfaeg.R a2e3w e
1934 (Carvalho et al., 202120: 25, 26, f3itgs. 13

541, f iBRost.edmMy | 51,1 o, 2013 ,325d DiagsiiFiid@&e deR|, .

2010: x1Iii, Il xx, figs. 3.16, 3.48; Bayram et

devel oped ridges occur in Mel anoblnassiairread e(sk
robust, but remain well differentiated, restr
pl ate, more or | ess arranged in parallel. Kra
Daesiinae (current Daesiidae) ae)d Darttalmy nare t(}
basis of the stridulatory ridges being well d
to short ridges at the distal margin of the p



ridges were noted i n some Soyl pruegliadtaeed, sipne caipepsa
123A). | rr 8¢ u(B.agrei dt ei rebgaWieenrnie r | 1905) (Daesiidae
by Erdek (2010: xbii, figs. 3. 16, 3.48) and B
found the irregularitmessdia@andosuggestrednt aé s
been caused by rubbing of the chelicerae toge

Stridulatory setaemebpenhdbegt ab tthlreelfd el d of s
bet ween the stridulatory piase(Bhd 10 dgéstaé:
Chaetotaxy). These setae vary from unmodified
regul arly spaced stridulatory setae occur in
Rhagodi dae (Fi g. 9D, Pl s. 1iC, | PliE) Gamldd | Gali sad d
modi fied stridulatory setae possess a swoll en
distally directed, someti mes ma rTkheodrpys osno a(ned. g
Constantinou, 1984: 367, faingl. -hdak)e, (arcdi ma ntahien
(Fig. 9). The swollen base is a cuticular ele
whereas the base of the seta itself is swolle
found to Abear s malGlal fe @k itPiogerozcrka, n c1h9e0s30 (il o u d s
Thompson and Constantinou, 1984: 366). Turk (
stridul atory setae i n Galeodidae, within whic
(ar adsgy pe) setae possleisise ab assweb,t uwphilyr add asy mme
transitions into a very |l ong, very fine, fila
191, fig. 3a; Tur k, 1T%600mp sloln2 ,a nfdi gC o nls;t al toi undosul
figid)lb Tapankkdiy(peeg sessaeaposwskl en, gradual ly

the tip of which transitions asymmetrically i



H; Birula, 1925: 191, fig. 3bhonpusdkn amdbOo: 11.
Constantinou, 1®)84:TBwed ulstibyepge.) 2shbet ae possess a
compressed base that gradually broadens until
hair offset asymmetrically from the fl at base
gradually and asymmetldib¢calfliy.( Bur k epX®@@@ced h
setae of rhagodids resemble galeodid type 11

movement of setae depends on the nature and e

the angl e of i nBShroptsiomn a(n@l Cwhsslteaynt i nou, 1984)
the first to call attention to the value of s
detailed survey of the stridulatory setae and
needed.

FUNCTI ONMeEXBANSMSOUNd production is commonly r

species of Solifugae (Hutton, 1843, Pocock, 1
human ear or absent in smaller species (e.g.,

first to testcthenst{sioduwnldapooyguicanon by frict

rubbing the chelicerae of a | arge specimen ag
audi ble up to three meters was manually repro
i nvestigations, t he sporuencdi sper ondeucchta noins m(esma ionf | i
(HrugMawvg8i govsg et al ., 2008b). Different f or m:
type and amplification of sound produced. Hy p

proposed by DumortiefTh@p964a) aaddCCGhetudat enpou
These hypotheses involve sound production by

the stridulatory ridges of the oppdbBompsochel.



and Constantinou, 1984, hereRhaggdddae¢l arubél
bases together, and amplification thereof thr
(Cl ouddbepson and Constantinou, 1984, for Gal
devel oped ridges on opposi eglhcohmeplsiocne raaned t oget
Constantinou, 1984, for-Mammogoeg&hiedaa). KH200B
suggested that iIintrageneric similarity in str
genspeci fic sounds, and suggestedailti smiigcht r e
tendencies. 0 Another hypothesis proposed by t
i mitate those fAaccoustically aposematic organ
such as vi peMasr t(iHrouvg8 oevt8 al ., 2008b: 447) .

Hr ug kMavr8t i go.v § 2e0t0 8bl) observed relative st a
mor phol ogy of ridges among | ife stages, with
stridul atory setae increasiGCajeosemetcraispalulsy sw
Birula, Th®3%® obhsemvdtuiromns correl ated with si mi
produced at differeMartifevs8tegesal H(26kK8LE <
primary role of stridulation is defense, rath
communicationjnaaccwocldusiidom previous authors
1898; ClTohuodnsplseoyn and Constantinou, 1984). Stri
more developed in nocturnal than diurnal taxa
i nvestigationdulUatokg &ppasatuses of spiders
guite varied in structure and position, solif
apparatus (Bernard, 1896; Dumortier 1964).

Stridulation itself might wdathcliae otnhe fornlhy,s
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he nature of the artianul athieord alhdtewe eam
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ociated with the chelicera is the ros

f anastomosed setaphaeawdxcomMmhainesthe

bet ween the chelicerae in such a man
ed to receive |iquid food and per haps
flowing from the tudgpsaybfathel strnd

ing solid food and directing |l iquid f
d in females given that males, at | ea
arton, 1987).that cohel ssrioduyul atoryg &p,]
s a dual feeding (masticatory) and st
|l ved subsequent to the former, or vic



CHAETOTAXY

One of the most striking feat uatest @y Sol i f
(Lamoral, 1973) and the chelicerae are no exc
are the asetose areas described above (Fig. 1
setation is beyond the scope of té&tal work, bu

arrangements are discussed as no work on chel
because a discussion on the flagellum is impo
cheliceral chaetotaxy. | n t he nparcersoesretttaech at r i b
as | aarglke,, gcl erotized setae that can be spinif
opposaend ctr @ svehtiaceh refer to small, pale, unscl et
macr oswetraece traditionally referred toame fAspine

usually holl ow, socketed prodeogdes,2sIt)ypi cal

opposeasgpitvmehsi ch are multicellular processes fi)
surface. True spines are rare in solifuges (L
recgtrid to-anhde thoootnhl i ke cheliceral processes

Eusi mpKamschiidae) (Pls. 30D, 31B) and some D
speaking also fit the definition of spines. L
| iikkest ead of fAspined for spiniform setae. | n t
term, spiniform macrodset gpg eBiefrirdegilFraigherl Ay e taa
common on the body and appendages of solifuge
to the setae placed with the retrolateral set

thicknesseplumdyei(galgae 10B) are restricted to



of t he ohrelvienarraal(pd/ijdstmatvabketati ngempgpr odor sal

movabl e ffoinndgpd rnsfft aend t he | ateral | ips of the
flagella, PlI. 92A), areas closely associated
retrol ateral rplppooifmasletaleudtsemwe@kl y plumose in
Depending on the species, setal plumosity var
to dense, and covering the distal third to fo
fig. 3a) or tfhet heentsiertea |(een.ggt.h, oLawr ence, 196 8:
Trichot omd alwremmea Pl%ubnB)se setae are absent ir
Hexi sopodi dae. Even fondal setae and the | ate

striated in hexisopoadfi dmal ahRha@dadmodaee stee mck t
a few setae close to the interdigital articul

PATURNOLATERSNRFACEet ae on the prolateral surf
(prol ater)alofs ebtoden sexes are arCamgaldhonetld di st
2010: 36, cfompri%)ing | ongitudinal series (rows
accordance with positioniadd Jéaias|l paotehol ogy
most, but Hexi sascpodiakaae represent tnlfte bdst e x:
such a pattern. Hexisopodid males possess a |
prol ateral setae, exceptprfoornsiriad hpdMids t mdr s ed ta
(Hewi tt, al 93nla)l lanfd el d of psrhoodrotr ssaplb hcilfuosrtme rs et a
spiniformdgetpaewdi stally on the fixed finger n
Chel yPpuursc el | 1902 species (Pl s. 32C, 33E, 130
Rhagodi dinien carnldaxiena@aé so rel atively uniform, but

Hexisdpedi Birula (129123: 331, fig. 9) provided



prol ater al cheliceral setae, but covered only
pl acement and basic morphol ogy, six groups of
thatpmpron TCR) sprtdent rmpv)d digqdfiagpd f i(eder t e
Wangenborstenrei hed ovfenBirrau lpa,sldddegdrdaeld o s al

di stpalld 6epgraedor sal pd)o xsiefialeafgsrei heo of Birul
promedmalsét ¢iQuerrei he von Borsteno of Birul a

|l nnerseite der Mandi beplrnodv eonptyrBaid e t(ldd,e sk9 29 &) ,

di scussed below based on Atypical, o unmodifie
i ndividual sred amentni onméd®,s mut a more detail ed
the section Male Flagellum and Fl agellar Comp

Thproventral (pdvidstampséetsas one to three reg

irregular rows of straight tceradr vrad g3 et ad & lh

finger, from its base to the asetose area at

setae are plumose although, in some families,
secondarily I ost or great /| yodrieddauec,e dPli.n 1a2l9lA, ( eC
most setae (e.g., mal e Rohvaslgea chied aaer,e PIf.t en6 Gno rke
and densely spacegvigpow xnevaarl |tyh e ni nntheer di gi t al &
especially in females, and iod tternuealfsor i 0o ma |l mBe
more g@ivsieahe are increasingly | onger, and par

Eremobatidae (Celr.ok8&8 A,c hB, 1B)38,5 K@k Is.¢ 3l 25A) 3a0nAd,
31A) .prTcdhweent r al spbddsoaprsneeamae acset ae, which
never plumpescktBaesalre straight, rigid and arr

spaced-lda &kmbrow (Hewitt, 191%ke) alr eforeuby & mbtrit @l h



subdistal ¥ etlavedrcpwsbdet ae are thus arranged in
approxi mately paral pbebdesesbéts@Paitaemprit adhea |
of approximately six to eight setae arranged

ventral to the asetose eargea oPflhsa pelo2dAl,xald3 )f.i ng

pvseetae, especially the setae along the pdd m.
hypot hesized to be involved primarily in the
complex. The apicalmostf detmal es tme i immat ur es
pl umose and, based on its position, clpedrly i
series. Directly dorsal and sl ightdlyumase i mal

and slightly rebuevad ¢$é&taapdepdshebrs(aP bsse.t al 2i An,

47A). These setae or their homologs are hypot
and are hereenhermkbdft vg)minldaddchesah {1 agell ar s
df)srespectiveodty dsekRalsecFliagel |l um and FIl agel |l a
flagell ar compl ex subsfpc)sns éotfa e€ earo nsi pdianei f(aPring . (
33C), Galeodidae (Pls. 4C, 30G, H, 31 E, F) ,

(Pl siD,303A1A, B) mirgihdi rad tpaldd efaraeem o wher eas t he s
flagell ar compl ex 0if398r, e mad patpihddd)n(aded &.P137 36 A
Mel anobl ossiilinaexhPIlbi t3@@Gnfigurations that de
to belong to eiptvidenrddaro wsot h of t he

Thprodor sopropPdmadr es ediateawt edat neatends

| ongitudinally along the prodorsal surface of
(Pl's. 8, 9, 12A). This row comprisesspaoedo a
setae, sometimes with elpdmeteale soarckedlswqd Pd . a 81



but differ in their extent of differentiation
surroundi Mg noethae irrm §Sti rmomp, salt&t7al)}al pugi dae, t h
pronounced and robust in Eremobatidae (Pls. 1
and some Karschiidae (Pls. 50, 51), to except
10), and Il ong and slender i)n @Gédpemadaar €Fi g.
mar kedly prodistally -dikecpadt ecmewaitti mgt laei at]
opposite chelicera in dorsal view (Fig. 118B,
amongptpetae. A second, weakeomrolweoppdmpitaentd,:
setae, structur alpldypemogst, sPilmi prdbpEn)H os @thaeteo (tPh e
10), may al so be presentseanndd asrgt ghekp eBirredlea r
(1913: 331)pdepbartettothe moopedtronmbhledelmahn
Gylippinae, but this was not confirmed in the
Thpromedi al (psnerteafle rfsi etlod a fi el d of setae be

and the stridulatory area comprising s¢$ridula

10, 11), interspersed with weaker, apparently
Stridul atory Apparatus). A dense cluster of s
proxi modorsal margin of the stridulatory plat
11D). Based on structure and position, these

with the fimemsesat aéiehdt haed parroemehdeirael tperronxei dme
cluster ,ofommpEePRlae. 12A, 14B) .

Thproventr(@ay cempmiaseowa | ongitudinal fiel
the ventr al margin of the stridulatory plate

12, 14A).
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mal es become more robust and thickened toward
13, Pl's. 110A, 111A, 11n8gfer ,C,wh@)r,e atsh eo ns etthaece fhi
increasingly modified towards the apex (PI. 2
do not appear to have been used in solifuge s
system merits further eerxmps oarae ieowni,d eanst .v ab xi aonups|
t hin, f il icfuorrvne,d dtoirpssa lolfyBtdled | dipshtaglWhsaentganeh ad fa

1981 (Pl . 87G); the two robumpyevaret roddimatl al I
Trichotoma MPIlcha&?7 & xtnriainglh tt ,h ev esmip nsaelt laye , d icrue cvteda
only near the tips of all Galeodidae examined

MOVABIFENGEFONDASETAE I n addition toankde setae or

retrolateral surfaces of the chelprcesant awisthloi
the fond, where the fixed and movable fingers
setae, described here for the first time, wer

referred to as ftdhredanomwmdtl aFecohidmdpes seaon t he pr

mar gin of the movable finger, with more setae
to the retrolateral side. Fondal setae vary i
may therefore be of systematic I mportance.

PATURMORSAMNIRETROLATERIRIFACES Set ae on the retrol e

of the paturon are distinct from those on the

bet ween series (rows) and fields of setae 1is
setae, evgn ntahosaeg wriightly on the prolateral
show greatest structural similarity with seta
which they are therefore grouped here. A grea:



among et skees ae (Roewer, 1934: 120, fig. 101e) b
mor phol ogy or function is far from complete.
femaresyol at earreel tyetiacema!l | y more diverse and ro

Roewer, 1934: 12@Q1: Lawéentieeg. 1b; Martins et

Willemart, 2Mavii gougkevsgal. 201dansocdispteal al
surface of the chelicera (cf. mal esBaned®lon 16
similaritiesnessshapd, drokaoastonality, the ret

i nt or etthreol atemrdm snana@dEethel aterphlt séi ager (
Thelasetae are relatively uniform in femal es:s
types of setlaued,i nugs waolbluysti,ncspi ni form setae (Kr
more or | ess perpendicular to rtlmetakkelbiec® mal
increasingly robust and sclerotized from prox
di fferenti atl smotnaeofi ssionbgsleer ved only in male Gyl
retromanesabpinirimsmaseeny (r Mbndi bswdadort he
Birula (1913) which was considered part of th
Anot her pattern often observed in males is wh
situated sl ightalry apmgeldat ear al ryow arrdédnghehe pro
chelicera, curving proximoventrally near the
Thekkketae are more homogeneous and characte
directionality in both sexes andealale,| amed st a
comprise sevedriaslt alldnged iareicne,ythe cil hy beyond th
the fingers (Fig. 14, Pl . 16). As withrisfet ae

setae are arranged in thneée owvarfgowmrs odr itde (@rs



areas, with setae regularly spaced within the
along the asetose area of the cutting surface
robust than those si t uoart etdwomollriet sparloaxri enad il syt. i rOc
di fferent iBaltoesd&siimrmonmall 88 0 ( Daesiidae), with or
Pl's. 144, 145, arrows,; Lawrence, 1972, 116, f
Aprincipal setae.othawprerasencd96B)hApgriitedi pal
di agnostic charact®Rlrodsayandaendicft i Bgiuomhed fro
Lawrenceds (1963) character may bekkétdescriilbkbe
Bl ospsoisasesses one to tboabest modifeerds gimomleare)
wher earsks# thaBi ttamrne unmodi fied. These setae were
taxa, e.g., as two distinctly elongated setae
1954: 118), but t hneodi fhioéod Blgayswsaisat prekeousl y
unrecogni zed. Modi riseed aedamrsalpleyi alcd cpaatine dl
retrol ateprainéri)gfgke@ede Appendi x 2 for other hi
principal setae), wiitchatv amyiamp nlge e lfd eafenrmodia
MOVABLIFENGERETROLATESURIFACE The retrol ater al pr oxi
setaée)ptis a clump of setae, first identified
situated proximal to the asetose area at the
19) rlAes typically comprised of a dorsal weak]l
vetral |l ongitudinal <cluster of acumi-nate seta
specific modifications. FdywBstowdkihas thawna iMulma
Muma 1987, 1989; V8zquezipR®9P@s,VEHLNGPOez &Bmdo®dh

Cush{({B604) mentioned investigating its potent



t hrel pet ae of no val ue fsocralgehreu @raxiomoanyensef t he
present study identified some family | evel va
r el attoo viehe proxi mal end of the movable finger
variation in the shape ofl pbrasecawmsesiareat ed
19). Examples of the shape of the setose area
a medial triangular area in addition to a nar
Gal eodi dae, Eremdbhat itdbad ,usPlon b§Athe medi al a
areas to form a continuous setose region prox
retaimdngations of the medial asetose divisio

Gyl ippinae, Sol pugi dae; Pl s. 18G, H, K, L, 19

medi al area (e.g., Ammotrechidae, Mummucii dae
181, J,iLJ9CMuba (1985) identified up to four
Er emobartlipdcde suggested that a survey may ident
t hrel pear solifuge systematics merits detail ed ¢
i nformati vebawertaltda espeai es | evel

FuNcTI oMerPHOLOQGYSexual di morphism in the chel
but mostly unexplored. The setae of solifuges
mal es than females, except foe mpposprel asera
(Hewitt, 1919b: 10). Although the arrangement
sexes, the individual setae are more or | ess

setae of males are differendgt alt eplamihd yofont hé e
and include the flagellum, an example of extr

pvaAdnpgvssketae are more numerous and strongly pl



as exemplified by Hexi sopodiadraee ,weilnl wdhe vcehl otpheed

femaarmd absent in males of all species examine
associated with feeding, which would explain
density in females, which seem taretean, mboe8&7y) e
With few exceptions (cf. male in Pl . 50A, wit
pvsskeries was not found to be sexwually di morph

serving a defensive function (searsealsonsomi
both sexes.

Some of the most extensive and even | ess s
among the cheliceral setae concerns the setae
finger (Pl. 16). The precrnsa&l fauantcde onfs mdl & he
remain unknown, but they presumably play a ro
observations that these setae are | ocated on
cl ose contact with the fema.lg.0,s Reerneatttail aanrde aWi
2007; HMagkaow®»VvEg et al., 2010a),-otrhese setae
mechanoreceptory cues from the female. Anothe
first suggested by Pocock (189t)e, amay nlgee memtp
the dorsal setae indeed appears to be opti mal
as those of Cerohmecabl KrPdae mOIliIEn, F)899 ( Daesi i

H), and Gal eo®)daéelowBher 59Aveing htf sterrewsee a epracet

function in some taxa, i1t is unlikely to be t
I n conclusion, male solifuges exhibit grea
the retrol ater al and dor sal cheblatenbhl ssuf ha



of the cheliceral fingers, but | ess different

femal e) among the setae on the prolateral <che
femal es (Hewitt, 1919b)mpITihess as tfruunccttuiroani a ld idfifv
the prolateral surfaces of the chelicera used
|l east some taxa, for defense), and the dorsal

and prolateral awhicek afetmedifiingersor mating

generally exhibit fewer setae, arranged in a

1919b: 10) .

TAXONOMDICVERS| TOHEQA CERMPE®ROCESSES CARETOTAXY

AMMOTRECHIAmRENOt r ec hi dc amad e rcahreda from sl ender

unmodi fied (PlI. 146) to highgly modified, som
cheliceral modi fications concern the mucra of
especial |l y Ppsreoundioncd?reto dig ris 1900 (e.g., Pl . 146A

96, figs. 13, 14, 18, 14, Alme@ial 1880bh “&,p
species (Fig. 7D). dHorsnal keh @I icacrees asdebsssganntin.e sA
pronounced angul aedpf ooges,hefr ef Fedfegdoadck atlo as

cresMuma, 1951: i1426Matirgs. 1283: sidmi,| afri go. the@éat

some female Mummucii dae and herceomneofnerirned t o
AmmotrechilfTdaecrestammsd@maameng Solifugae i n
usually more conserved in cheliceral shape th

CErROMI DAm typical ceromid male chelicerae, t



movable fing€er dmxciPpmercimdl , 1899)f lammdgea ipgy ol a
situated parallel to the movable finger medi a
9195) . No ot her processes or f | &ogeasrsearhe gphrleys ¢
modi fied and appear to be unl ik@®) odersear icpetrioom
t he dor sallorfeaumsgiddi wif ded i nt o t wo Tproircthiootnosnmoa i s
mi chael svdhnich possesses a hornlike process fus
87A, C, 88C). However, the phglegerneti thel hokb:
Toreuse uncertai hawAppeeadMutma2d976; Wharton, 1
DAES!| Iibreeesi i d mal e chelicerae display diver:
unmodijtfoi ebd zarre modi fications suchngsertbae ext
Ceratobitornf Kstagelpedemgs 1899) (Pl . 137D), and t
adapted for Ghosi pwusg Kamszihnd8&8B8i0 (Pls. 136C,
the | artbkséertaetmee short, stout anldi ke idiidtoalm,f i
apparatus.
Various daesiids also exhibit cheldiocesraadl proc
hornli ke (prpo ovegmoctfrechel Reegeet sthd34 (Pl s. 132
téashort dorsal distally direBi gBhgaapiirees enfsiwar i
(Lawrence, 1931) (LawrencBl 04984 :RudrBcdenlalf,a gl.9 033
(see Purcell, 19@3medplred rofvieqptr@a); fameda at
fingemB, t@B)hgat,arbawuencelLawrdeérBc €, 1968: 72, fig
Bl ossi aL ehversesred e , 1929 (Lawremcenark®219 cohtayvifti
the ventr al tip of the fixed fingerT)appfarteme |

movabl e f iBndg@mn, edr.r gkhcdbresrcgh , 1880 (Roewer 1934:



b2;-HEhnawy, 1998) ; and a | arge, concave medi al
to accommodate the fixed BiB)denuneadawl e EM) t
1954 (PIThel3a/pd)cces of the fixedNamdbresevy ablpal fl i
are markedly concave and twisted. A broad f 1l al
di splaced cutting edge, situategrpxodcdaseblyly

perpendicular to the prolateral surface of th
132A, FEFBadApes and toothlike structures on the
Bl osasriea descri bed el sewhereTheeéiixgedrn fionn otnr Die
and narrow, r esesnbylliiege ttheemodt Inygdrns scefv eErad mo
specikRisteadd®.i tBhkr aekWhodret on( WL®&8Llon, 1981: 15,
Roewer, 1934: 1%H&9 3) hf iAgss .i n2 Ex eamobat i dae, t hi s
accompanied by a reduction in the dentition,

relatively short finger wiommoa $astdcuetghndrimmor s a
Af r iBdbaaomBber | Roewar ,( PLI9.4Thh4e3 )p.r odor s al proxi mal
setae vary from weakly to well differentiated

EREMOBATILBEAE Mobati d males display some of t hi

chelicerae among Solifugae, i ncluding a chel.
becwomi wider distally in most species. A typic
possesses a vertical fond with unusually wel/
finger narrows abruptly into a toothless or n

65, 67, 68). A characteristic of Eremobatidae
FPFi(g. )77A,t eB medd & h(emmM)t chy Muma (1951), and us

eremobatid taxonomy. The notch is wusuatlh ya wel



narrow fixedi6f8i)ngebev(iRaltsi.onés5 from this distinc
associated with a shorter and/or | ess vertica
i n, Er.egmocRe@edé¢ wer ,( PLI9. 3 47Hoe)mear nodt B eerckhsa (1PIDSB.
82) .

The sltiydetfi xed finger of eremobatid mal es
l atter resultingiixreda fglniggdr.tgauegpnmymant eossr cor pi nk
Brookhart and Flu.s h@ hA, BR)0.04Br(ookhart and Cushi
positive correlation between the degree of cu
t hecalegrouphr emobatAegs etrodor sal process (RDP) (
Muma, 1951) is predsentheat i tgeasl phiasheg eud wisnucst h e
Eremobataensd varies from a | ow peaked ridge, ba

mar gi n of t heErfeimogoeart,e se .pg&Eli,xihdnetry IsdOBbB D( P69D)

a talll,i Kéd aprgee .€3.e,moibrat es t(wKhrearecpellatnus 1899) (
69F) .
Théel agel | airs ga oloovregi tudi nal prol ateral gr oc

cryptic eremobatid iEl agel | Veamr ( 8t son38Bn BO8Agt h
the enti rreesftirngeredort o the di st al part)-, and s
|l i ke -borkeuponcavity) is signi fancdanstp efcoire st hger otu
(Muma, 1951:39; Brookhart and Br daktarotf, tZ@06)

fl agealoloawre g Aticked acged proxi mali r© omalalviipeys ( Pl

groufpremob(@mt dMe ma , 1951) . Brookhart and Muma (
Asubtl eo differences among popul ations in the
flangegmdovde and found these useful in separ:



ot her chAmaalterproventr al -dted irnetdr cwen ti rkeel ,c omecl

the asetose area of the fi,xeeEnfeimghoecaweér mal e

193RI s. 73B) , I's reéptredi sbahkRlcen&aa€pt y
Prodorsal pgposxdtmead are often very pronounce

someti mes with enlarged sockets, and an addi't

setae is oftenosittheatped maernyt malw (Pl . 73A). I n

eremobatid cheliceoprndplockrape arenilshormaged by some

and the gylippines examined (Pl s. 12A, 85A, C

c

nNi gue i n beinog lienns,eretleedv actnedsws ocket s, unli ke
setae of other taxa in which the setal bases
GALEODIDAlEe s hape of the galeodid male chel i«
with modification restrrrilcted 9t 0 62he ®Rusesmal ( ma
circular Dblemish usually on a slight, toothl:i
surface of the fixed finger near the base of
specimens examined aasl MmMBererh eorApasnitno lhaerr est r u
present in Sol pugidae (Pl . -T27g)i,l laon d phu nsnouncail i
No distincar pfrlommessespmrsesent on the chelicera of
flagell um i s sur  reruenadte ds piyn infuawem ouest ae on t he
1895) (Pl . 30G). These are similar to, but 1|o
t runccaytleedndr iodfalens gtoauend on t he pedipalps. At |
stirulatory setaeéesi dEBirCyi fPAdd 1iliG gal eodi
GyLI PPI(D&EI PP)NAEe chelicera of a typical mal e

86 A, B) resembles that of a male eremobatid w



dentitionl bpkeadssyabkthalf oflitder &li xmands ngleat

narrowed proxi mally, becoming wider distally.
remai nsl isktey luentt i | t he apex. The median series
vestigial, and thé¢PlaendleapABbwt v&n aiEcat ruct u
the prolateral surfaceeot at hpamakénebeael t ber a,

sclerotized area adjacent to the cutting edge
i . Afopl ogly | s pepaise s . Unforofuntahies ysmlbgesmpesi was
in the current study. The presence and number
(Birul a, 1938: 93, 96, figs. 64, 61). Promine
(pd)p setae present in Isp.ec8bnenlk2 A,xadm A,edC,( PE) &
those of some eremobati ds.

I n addition tbsmat aveirry malbasssebagraue of stir
spiniform (Pl. 85B) and treated by various au
These ar et o 8fpse nna e dc cheys sRooreiveeer ( 1 MN3Zedb:e n3d0& )n eann d
by Birula (1913: 332) who also referred to th

gal eodi d f |l ad@ls|IbNasrb ecnadnoprifiehxe s(e fiaccessory spine

probabl e homollsxegsa withhei mil ar examples of 1in
observed in other families, e.g., Eremobatida
Sol pugidae (PI. 121B), and are thus not consi

rifsset ae with a sheaoagtepiniform
GyL!I PPI(DIaAFEOPHAG) TAEe mucron of the movable fing
dorsall yiipopmRalgeael | , TODOBdammwhae ncegnd 96Bgul at e

i Bdel | oWhamgton, 1981 (Pl s. 85 G, H, 38). These



dosally, i.e., on the cuttindredbetawHat hba,

concavity is more pronounced in males than fe
are present in Lipophaginae, except for an un
d osra | hornli ke process thatTriisx hfoduoemh s ethhae | tda
Taxon Survey under section on Dentition).

HEX| sopPoDIHeAXI sopodi d chelicerae are compact
presumably an adaptation to the exclusively f
12@30). The cheliceral fingers of hexisopodid
mor e sl enldeesr. ilnn nfaemal es, the base of the mova
row, forms a blunt, angular, @&ndtlohgttetuoudinah
which accommodates the baséeH)o.f Sihnei Ifarx,e db ufti nngo
angul arssamd alnaul ar retrol at &©n alo r(daarxilneaaes ta rien pnn
Pl s. 56B, 57B) and RPRAgo8bdaelhe Hgrha mwelxaers ;r ow
densely granul ar below the movable finger med
Pr omi nenndtoomlry spaced granules, in addition to
more distinct in females.

The asetose area on the fixed finger of bo

sclerotized area, termed the calldws {TReg. ©6A;
number of tubercles on the callus has been us
1949b; Lamoral, 1973). Tubercles on the call u

perhaps due to wear. A welll id&evelaoapmax adtfo thhes
fixed finger, wusually terminating in a sharp

127B; Lawrence 1967 crkatifniggt htaunusual shape



dor sal view (Fig. 6A). This cahme nmr odom»al cfolne
|l i ke carifhagelbbrat hgroB@R) pofoc®8aslspugi dae, assoc
flagell ar groove which atkcagebd@seshdihec basieor
Sol pugi dae). Wharton (1981: 52) reported fisha
considerabl e wear. o

A small field of short, stout spiniform se:i
pd¢sis present on tolfe tfhreodcdireddlcegwr,f aldega ect | vy
and proximal to the sclerotizedChaerleygpPubstE . t he f
32C, 130D; Hewi tt, 1919b; Lamoral, 1973). The
cheli c€Ehakyptide Wii,r slt9i15 are randomly covered w
which have not been observed in other familie
1973: 97, fig. 7c). Plumose setae appear to b
Hexi sopodi dae.

The unusudli |oaknewefr, 1933 merits discussio
hexi sopodi d chel iSielroaalm enaoeds tf d Ixlait s loends .by Roewer
based on seheFriatenah characters Sxhoadanéad by
macr ocReoreawse r ,( clu9r3r3entil @h @ll prweshe sex of which w
uncertain. Roewer (1934Si lidemdad fReoeavelrayrezli®dllot
the second species of the genus to be describ
present in either speci menbotHoweaivepl ay hene he 't
hornli ke processes dorsally on the fixed fing
t he hol otiympesn eafmer el y f e madhee | syppeucs nmee nsf owhi c h

ever been described, and dedari hoednd i kXpe pir ner



showing cl oseSialfofama st itehse wWietnh@hel fpbet gpat ohfi
Lawrenceg,culrdeent |l y i nmChsey nyqgpruysmyH ewintolix.a el @ hm@ ) al
(1973) disagreed withebhawr é egpe Chfed Gr@lust g at on
as a male, transfirlrecanaehd sr esvpaelciideasVhehdo ttohne | a't
(1981) agreed with Lawrence (1966%i,| dbaviweder ,
Chel ypps ofCheilypus Whareonei l98clemesnta mampd f or
Siloanea,elaerfluanadir seco@ialr yp bh® nedneywd rpfi z1 94 1.
Al t hough the strong hornli ke process-es are

devel oped dentition (Lawrence, 19@&a6: d6 ,stfailg.se

(pvd, and presence of two mall eol i (e.g., Lawr
female Hexisopodidae. Assuming the three hol o
absence of a flagellum suggests, thebkbe specie
female chelicera is modified.

KARscCHI tMad e Karschiidae possess a | ow prol a
parallel or distal to the medial tooth -(MM) o

|l i ke concavity ( As psoeombksahvarpeendc 1€9)X5ata v dtli2gno Thi s
may serve to protect the flagellum (Fig. 16).
Eusi mbsiainuous and curved ventrally (Birul a,
fixed fingaersobimamahlky exhi bsittrsaiag hrte |daatrisvaell ymar
a mar kedly angul ar ventrodistal bend in the m
(Pl's. 50B, F, 52A; Birula, 1938: fig. 20, 25;
mal e Eremobatidae. A s malrlotdidresamrcex i(magli nteg o tol

somtear saenlaill #FGandlsenBur ul a, 1938) and a distally



process occurs in mal eBu®if m@a ilrglsbeuntB uornue as,peci e
1938; Mu ma , 1982; Gr omov, 2000) .

The prolateral setae of Karschiidae differ
di fferentiation ang@yvpsdestiatei ons. wlehaek | cyo ndbi foffer e nt
Karsg¢tPia 50C) andubsatmp Rdeax &6s3)af The comb is of
mor e adlolrys and arranged horizontally, rat her th
vertical arrangement observed in most Solifug

apical series @fsmda apnmx ead ef inmbngerr e(adi |y di st

™

Pl .) ba3ngp velee ae greatly reduced in males (PI

MELANOBLOSS( DvN@RHAX) ThAee chel i ceDiadorSthavpe, of
1870 th its | ow aspect ratio (cheliceral l engt
chelicerae of RhRignoodrvhdaaxe pri gi whi ¢l pl aced by
and Hexisopodidae. The cheliceral similarity,
consistent with a fossorial habitDsnottmaxno |

confirm that.rodrhei doam@ul aru,c pointing ventrodi

The movable finger possesses a blunt, angul ar
(retrolatral carina) into which the rddmsded p
56B, )57mBsf eimal e and i mmature Rhagodidae (Pl . E

in female and i mma(tRilr.eiHH26HF sopodi dae
MELANOBLOSS(! MDAROBLOS9ITineE chel i cerae of Mel anol

|l ong and sl ender in both sexes. Males possess

accommodates the setiform flabaebgehlacompmpkex

depr es(shiogn. 260,) .PIThe3bvEe ntr dlagledd atri ¢am mpfl etxh &



medi oventr al excresceacki XMVYEHNIi nger which may
pronounced MPOsfi #$86Bfrtae are absent on the m

except for the setae comprisPmgcddhsresednd ofrlmar

are also usually absentMe leaxncoeh®twrsfcs@rnal an 19MBe s @
with el aborate modifications distally on the
MumMmMuc! 'MUuEmMmuci i d chelicerae fdree ifnagi dliy tdcensg

bet ween the sédMesliP|] s152¥49EThe most prominent

mal e chelicerae concern the flagellar groove,
Botédrmajillo, 2014: 325, f{liidae ilmbae aonnd tphreo | fait xeer«
which accommodates the flagellum (e.g., Carva
Botdmajillo, 2014 Thax%®, afriegdhere3 pebdporesedl to a

cariamagroventr alescpearcitnavel y35H,AsI)o&4But Hdi st i nc
dor sal crest (carina) is present on the fixed
fixed finger distal (FD) and fixed finger med
2014: 21; se®kr wjlislol B,812250,04f:i g3d2.d, dlsall7¢rest si
approxi mately opposite to the widest part of

prodor sal carina (Pl . 149E, G), is also prese
|l ess pronounced( sdBandrajfi¢mal e2014:BodZ2Ir,0 325,
Tujilo (personal commun.) observed structures
Gal eodi dae and Sol pugidae in female and juven
not showcvealnli nign el ect Oomemi encagifagls.i ons conc
the shape of the mucra of the fingers, partic

RHAGcGoDI DREagodi d chelicerae are robust and c¢



slightly more sl enitHer 571 €, m®l, e$8) Pl &. bbagt , an
sur f(arceet r ol at,erianlt oc awhiincah) t he rounded proxi mal
closes (PI. 56D, F, H) , i's observed in both s

Dinoreax |l east mal®28B) Padsd fHé&mMBal e and i mmatur e

126H1H) .
Distinct macrostructures (flanges, <chelice
Prodorsal setae are exceptionally robust and

setae are simihaneoidadytpsee TDOYpeGallleo(di dae (Fi g.
apparently not restricted to the pveded abet wee
comb, but extend dorsal to the stridulatory p

SoLPuGI D&®P | pugiesmapartly characterhi zeHi gbhy 7aC)
which is not considered homol ogous to the for
The medi al notch may bé&. s tdreo(mRjdacynaccku,r v1e8d9 5 )e . (gP |
to subliBeabraebgawransce¢e¢ Pl 19308 .Roklelwehro u(gl 9 3 4
466) identified the medi al nSoot| cphu gaesnaae d ieanggnt ohs
the toothless gap vari es, and therSeolipsgse mme
and other genera. For exampSod,p utdghnesemes(thderwi ,t ts h a
1914PpP1I . 1061J; Hewi tt, 1914b: 160, fig. 22) i
Sol pugistdPhastld0a; KraepelinSoll@pwda &®el ifcio
Lichtenst(eliln, 11072986 E) .

The diversity iocfatciuotnisc ualsasro cmoadtiefd wi t h t he
cheliceral fixed finger of Solpugidae rivals

These modifications include toothlike process



ma

10

(L

19

y also be di Fhensthrycmodesi agpgpear to be ass
sertion of the fl agellar shaft into a furro
e referred to here as the flagellar groove

rough a disthae prxaleatsermal ofi m of the flagell

dified to form a wedklrgaEReeowdedredPRA3I2MDRBR) aagn
rviean a(tbacock, 1889a7)l o(nPgl,. s2ntoCh)eh cfaFrama@e as i n
| pugi baClLneKbah, 18dRPpull cbhBLIARPOD)Ss and
arba 4gqsliuatki, € BI9.4;82&@a E3hort, markedly curved c:

| pugema (dPeorcboicakn,a 1895)SdIPdugéemMaB(ERhmamantdd 0 G,

61); a jaggedit uatod cdhd d dSred aplalgyema $ nt er medi a
awrence, 192930 I(fPPUgemad gritdanwaaershac e, 1929) ( P
gged, ridgeli ke cari B8alpugemaeced{ pbalwgyeesas!| y
31) (Pl s.S@lopy g d @8 C(elLnauwcr oercnei , 1935) (Pl . 20F
| pugi s tllLaa woriecnocleo,r 1953) (PI . 20E) . Even in th
cron organ (PlI. 20A), often situated on a t
esPotock (1897: 264) described the medially
ol aterally on t Selgpuagx scsfa tda mfainn gdekr@ gBf) as
| puga demtdeetriicherPsecox k, Slbd Phu)gaad ea o x,

per numer arhyy ptootohtehs iaznedd t hat it functions to
vable (ventral) finger. The flagellar groov
ed extensively for species diagnosis in the
51). The exdeeinfti ofvdrmitataison in these struct
aluated, however, and there is some evidenc



example, according to Simonetta and Dell e Cayv
(apparent toothli ke FGR)yewdrag mmedert pirmcecme
speci m&Zrs i afss&r bhepedahs 9)9188x ami ned.

The prodorsal ppd)poxairmalwesa&t ye di fferenti ated

the promedinnlacetmet (modi fied into stridulatol

SUMMAROFGENERAHEL| CEM@RPHOL OGY

The -$sewgmented solifuge chelicera comprises
(dorsal) finger), that articulates with the m
i n morphological charaocwmér si mbrphliemeexidsnscei

such as granulation on the asetose areas of t
ridges and stridulatory setae. |l f sexwual di mo
characters are often mormaldew,e | wipieadh -i mu d gamatl =

reproductive functions such as feeding and de

Mal es have more gracile chelicerae than fe
|l i kely due to reduced feeding, but difference
appear mwmbed telreproduction. Similarly, proce
hornli ke structures are absent in females, bu
especially Solpugidae. The mucron organ ( mo)
however,i prbeehtsexes, and may be situated on

el evati on.

The rich chaetotaxy of solifuges is also e



retrol ater al and prol ateral setae on the chel

arremgnt . Set al modi fications in males compar
specialization on the chelicera associated wi
particularly retrolateral manus setae, are mo
seeaare arranged in distinct, recognizabl e se
and pronounced in solifuges, appear to be abs
chelicera whereas plumose setae are restricte

modi fonatin male setae concrelycmmséhaerandopraodlkea
setae towards the apices of the fingers, espe
these regions of the chelicera tend to be | ar
The chel sokerbhege$ are unique among arachnids

role during mating behavior and sperm transfe

such as feeding, defense and burrowing. This
characttehres cchrel i cera, but also in the regional
on the chelicera.



DENTI TI1 ON

HI STORIRERISPECTI VBABKGROUND

The dentition pattern refers to the size,
the cheliceral fingers of Solifugae (Pls. 21,
formally distinguish differ ®parbgpea ati taéah
(Simmo 1879) adl aotlemAibhanv, e¥rd7Cal(dodds adast ug
Duf our ,Dulf&6ulr) (1861) ter maad i tthkhee, IGsamaglelre rt eteeteht hi
bet weenimnkhemmrd$ t he two rows of basmbl aeetd on
Duf u861) regarded 16 teeth per chelicera (6
typical for solifuges. Pocock (1889) referred
finger as the principal tooth

Kraepelin (1899, 1901) prophposmal tther mimal og
the cheliceral dentition of Solifugae, and ap
those with highly mediaftiodd tdatnutsitrtyeilnaird,e/r e.sg .S,y n C
wi Ghosi ppkKisaepelin (1901:wo010 &) greefdarsrtead ttae etthhd
small er teeth WNetweegahmemt a®etho), the | arg
t hkaupt tdmai no or Aprincipal tootho), the smal
ZwWi ssen(zifihmteer medi ate teet hrogws amnfd drhal It wtoe ati h
base of the MWangennfz@Pigkeeekt heet ho) . Kraepelin
277) referred itnwperi cmtcda mEpd iamieyeatthot er mi nol ogy w:

Pocock, 1900a) or to a tohiormitplad mwmdalalne afit reg ¢



(1901) supplemented terminology with a number
positions of teeth within the series, permitt
e. ., Hauptmpdhred thatthhespthmafpurobd from t he
(dorsal) finger.

Except for the numbering, Kraepelinds (189
foll owed exactly (e.g., Roewer, 1934: 53; Kr a
Si monetta and Dell d9G8d4yYyepr 1w68h Aomas modi fica
American wobkhen$ fuosretchhbee k -Leet Ro( M& 9 B 8; Maury
1984; Armas, 2002) whereas Muma (1951: 38, fi
wor ker sf ond &Ildf die e dt leeee khkmeaediida Ifi tfooort t he mi ddl e p
tooth of the fixed finger. Nonet heless, a sta
cheliceral dentition remained elusive. Mumaos
1901) terminol mgynhyebyoNeowowddBlFrdowbrnker s1065
often with furtheBrmbkRbarthandgef€usé@igg, (2004,
Catenazzi et ali m@a2@iondsptoctpbdéido €fi fp Rlochaotimdo
Carvalho (2006) f oltl heveuws eMuanfa A fl@rbdlg!l ,idm but Kr
1901) and Maury (e.g., 1970, 1982) in the wuse
foll owed Rocha and Carvalho (2006), and was 't
(submedial) tooth as Bhédskticwed prrgucjiiplallo t(o0200t]1
provided a recent, mor e ¢ ofgpfroerh etnhse vdei st tea Imnonsot
tooth, but did not di stsiercgomnidsalr ghmebtevge enhrh ep rt ihmaere
di stal most teeth on the fixed (dorsal) finger

very useful to distinguish among individual s
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ce of explicit criteria for identifying
nol ogy for their deTshcer iapitmso nyg faontdh eceosnt miutniic
nted below were to propose hypotheses of
ria, and to revise and standardize the t

(1951) in light of these hypotheses.

TERMI NOLOGY

nser veidondenhtiistt or i calnlnyo droaffhiderdp eds tt med st @
omor phic (Hewitt, 1919b; Wharton, 1981) ,
continue to be used in the present cont
minidt remain statements of primary homol og
arity, applied to other cheliceral chara
rimary homol ogy assessment of dentition
o variation in the size and presence of
e by wear or deformity.

scussions of terminology are concerned m

y modified, i.e., cons)er vedl i fpuagd ederst iotf i
ed into series, i.e., a median and a fon
rolateral series on the movable finger (

vided. The fixed medgan beath, awbiopgl asu
i ses primary and s$woostdary téeewmbBefgt hg ro

, I n Eremobatidae, Galeodidae, and Rhago



weakly devel opebda sraolw faol nodnagl T hneabrhgeivih i nger bear s
single row eoeft hme daigaann n compri sing .prAi m&@mcynand
series consisting of a single tooth (movabl e
present in most taxa. Mumabs f(ol 99pIwe xti givarhion ol o
repl dapes ndiipalad ofiffaepbkatceso omediraeddeotl atesger ; 0
Aanterioro on meeabhdafdoiyme@eralbaersd i nt er medi at
ARelt atoearnaf rdo | at ep laideccet al 0 and cfimevBed byx bamade 6 p e

fdi stapbace Aposteriord and fAanterior, 0 respec
Aprincipal tootho in order to describe its po
(ventral) fingediia$, o etoondedantehde afh t oot h on t he
(dorsal) finger, with which it may be consi de
introduced for the tip of the fingers. APri ma
and two most promi nentest eodt it hien ftilkee dmeachida rmosvea
respectivel y. ASecondary teetho replaces fAint.
Aprimary teeth. o0 AddOt er éhusbbdlitHaurdnnse dainadle,. 6, A

fBubpr ogxoi male proposed ttoh edissetcionngduairsyh taeneotnhg.

MEDI S RI EBWO medi an series are recognized, e
usually of primary and secondary teeth, on th
fingers. Primary teeth are distinctly differe

compri s$eetwoon the movable and thréeB) onThéade f
primary teeth of thepftoxé¢ @®fHoigrt die.re .c otnmhper ifsper itnhc
tootho of Pocock (1889), Kraepelmendi(&M)99, 190

togtht he. isecondo anterior tooth dofs(tReDaepel in



tooth . e. the Afirsto or di stal most , fanterior

=]

anterior tootho of Muma (1951). The primary

rova{f MR)ogt h .e. the fAprincipal tootho of Kraej

©

(1951), madd aM)eqgt h . e. the Aanterior tootho of
and Muma (1951). The tips of thefifxedefrisngeare

tenmall (Fandtmdwahb!| e fi nger t er ndencaoln d(aMTy) tteoeott

the Aintermediate teethod of Kraepelin (1899,
di fferentiated (smaller, often | ess sclerotiz
are usually present and ndmded vieadeod tdhhre tpheimar

fixed finger sfuibxde ds tailhnyeFBIMphhovabl e finger

submedi alt e(eM&M) situated proximal to the FD, F

22A) . Mul tidentate taxa (seeSDpaetnomesar MuTe e
section below) often possess additional secon
and proximal to the FT and MT (i.e. on the fi

therefore reffexredad fti ogas( BRimbd)aecmlif nalger

Ssubproxi madndioWwSaPb)l e fi nger subteempeal il hEMB¥hle t

present contribution, an operational assumpt.
applied, according to which subprosiemal teeth
Fondal Teeth bel ow).

FONDARERI B XE NGERondal teeth are situated on

broadening at the base of the fixed (dorsal)
medi an ser iTéhs ecef rftomwvesd dd.matye ebted nptr e(sPl s. 21, 22)

the fixed finger fdoinvdearlg es edriisetsal |ITywo( Kroavspel i n,



58) , I .feon(BRRept®morresponding to Muma's (1951
retrof RRFEd¥exlt torrespondi ng etcd aMuma'ws (TheS5bhrsif
teetli tuated along the basal margin of the fo
in Eremobatidae (PI . 841, J), Gal eodi dae (PI

Muma (1951) numbered thepfroxdanlalt evettlih fRoonmandin

( Muma, 1951: 38, fig. 5), a convention foll ow
and Cushing (e.g., 2002, 2004). This numberin
i.e. the same numerals daxiagmed thott e entph yi n ha

were homol ogous.

The profondal (PF) row generally comprises
23L). An additional, minute fifth tooth is oc
small bifid maodt enat of he hpr &¥i row (Pl s. 21A,
teeth, separated by a smaller tooth or a dist
Maury (1976), are wusually evident in the PF
pointed apicaltlhyge laanrdg easte (otfalelnest ) i n the f on
commonly mentioned i n species diagnoses, e€e. Q.
77), but homol ogy across the order was previo

referred toprhhéomadasngiPiFap odamdr of ondal medi al (
tooth f present, a tooth situatedantheaweehet hen
two teeth situated pr oaxiemale ftea rtende tRF R st aohteh p
(PFSM) tooth/teetdsulamdoxihmalpr ocPBP3M®)alt oot h/ t eet

Al t hough homol ogizing individual retrofond

proved challenging, probable homol ogs were of



phyl ogenetically related spseci2lsB, gZe2k,r aF,or2 3e
most prominent | andmark toethoifondaflempredkitmal
toothThis tooth is situated towards the proxin
row, and can often be i dentaitfeiread bty iiatnsg | dei swiit
sharp point at the apex). It is also often, a
tooth in the RF row. This tooth is especially
(PI s. 87BByDusFng88hea RF®&nd mat k, aand by compal
among taxa with distinct fondal dentition pat
identified within the RF row (PIl. 23). I n Sol
retrofondal teeth ameltehgenuliadendfitfermbwiet did f
these may be identified as follows: The two |
retrofondal proxetmmadf ¢ RF&FI) maedi adf t(eRF M5 e g aoroa the
a smaller retr oRFOSM)alt osoutbhme diinaladldi ti on t o one
situated retrofondal subproximal (RFSR), tooth
103B, Dhis approach may be extrapolated to ot
prominent RF tedgtPH saf 2@aMl,eddi db&®e 64K, L) or e
most pronounced RF teeth of Eremobatidae (PIls
the RF teeth decrease in size proximally, suc
| arger than the REPtyoashanb®FSMt sobtlé& i s con
with females (cf. Pl . 78B with D), and mal es
pattern (two | arge teeth alternating with two

Teeth of the fondal sericeisst(iRfguioswh fmagymbpc

subproxi mal teeth of the median series on the
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are present proxi mal to the fixed

e, Karschiidae, MummuZili:i da&, faing. R
w World workers (e.g., Brookhart a
e; Catenazzi et al., 2009: 154, as

~

ae) recognized an Ainterimmal ate to

e terminology presented here, betw
of specimens indeed indicated tha
eeth proximal to the FP tooEmh, som
on the cutting edge, are often mor
, Pl . 67D, L) . This similarity inc
lan series teeth are moreascl erotdi
h are entirely more sclerotized) a

ompressed whereas fondal teeth are
clear, however, and conhheagreseny
n, and pending further investigat:.

to the RFM tooth are therefore reg

retrofondal api cali dlarRF A)y ptieceatlhl.y Fhoa

forming a curved row, proximal to
RFSP, RFP, RFSM and RFM teeth) I n ot
on the cuttingredgepal atognhéd WPt h
he RFM tooth (Pl . 641, J). The thr
r to teeth of the median series in

medi an edae,deuwnlpirkoexitnad u reieftdr, mliby t



sclerotized as the four proximal teeth. The t
also referred to as retrofondal apical ( RFA)
i's consistent with rtyhet eaebtshe nicne Rohfa gsoedciodnadeaa S on

apical (RFA) teeth on the cutting edge are st

series, e. g., I ntHKar Mammudae dael ( P64A1531 , J)
Eremobatidae (Pl . 84E,t Fpat tbeurtn acgoau Ind an octo nbsel si
the term RFA is therefore retained. According
denticles in the fondal notch of male eremoba

Retrofondal apical teeth mppeachtdabe ®hssnt d
Sol pugidae (PI . 23).

I n addition, one or more small to minute t
end of the PF and RF rows, mer ging with the b
a serrate edge in som850ax8d89fje. SuchMamparent |
the distinction between the presence or absen
teeth, and contribute to inflated estimates o
Panouse (1964) recagemiazad ntgh evhceitlhemmar not to
on the basal fondal mar gin within counts of t

previous authors by excluding them. According

however, the PF andstRabIceo usnmosn gvotulh ed fboeur known
Ot hokeisr st | 1911, even if these teeth were incl
of different conspecifics wusually facilitated
RFSP or PFSP t eettihon ofrusaesd cwietnhultahe basal f ond

excluded fr oaoWwrFt a.nd RF



The retrofondal (RF) row gradually merges
workers (e.g.,i3Bi rfulga, 11b9 2 6L:a nlo%r2a | , 197 4: 267,
teet&d @aisngle unit, I .e. the fNHexternal rowo or

The basi fondal (BF) teeth represent a thir
situated on the basal fondal margin which do
(e.g., Aliefvigl9d8)y.. B4addilfondal teeth have beer
6 4 K, L; SBrensen, 1914, Roewer, 1934: 53) and
Roewer, 1934: 54; Pl . 641 , J) , whil e weak BF
841, J).

Regul ar leyd arorwesn-lgoifk ebedaednt i cl es at the base «

Pl's. 2A, 131) constitute a potential synapomo
may be homol ogous with the basifondal (BF) te
with the bamatgfondlai ch resembles teeth in th

originated from the proximal most PF and RF te
along the fondal margin. The | atter hypothesi
in Eremobat, dh)e, (®yIl.i Bpgtiinae (PI . 90A, B), and
where the proxi mal mosketfeethé&éarkbaddnsi tbated
and retrolateral ends of the basal fondal mar
|l arger nuand ekeofdemeé i cl es are present on the r
prol ateral surface, as -asdoféeenot hetecabef wndh
Aregul aro fondal teetfhiD)ar eFoif tteme sad srandksed P4 ,. t
dentl es of Hexisopodi dae amedcoesrdéoadahe( F

teeth rather than basifondal (BF) teeth.



The distinction among the

others, is critically

identification of homol ogous

di fficulty and may, 1 n some

Hypot heses for the most

P 23. Such hypotheses were

sclerotizati on, and on

comparison of an adequate

to test the hypotheses proposed

PROLATEKSERI EMOVABIFENGER bas al

the movable finger (Pls. 15B,

(MP) tooth, and r enfoevrarbd ce

recorded in Ammotrechi dae

Eremobatidae (Muma, 1951),

Sol pugi dae ,( L1dOwWrdencl 96 1 ; Roewer,

in addition t o, an MPL toot h, a

extends proximally from the MPL

pronounced carnoami and tbhery are

states of a single character.

prol ateral tooth to be wuseful , i

identificati on.

CATEGOSBYECI®I zBGRADATIWh en t wo or

category of secondary teeth (i

vari
i mpoheé amondal
teeth in t

cases,

based

compari son

tooth
22C) ,
tfd nlgeerre pa <, tawees al
( Roewer,

Rhagodi dae

Brookhart

mor e

. e,

ous fondal t
evacdtulmt eSivi
he PEF

be I mpossi |

st yppri acgael n eRrFi cp att at xear nasr e

on relatiwv

bet ween r el

numbBer hoiwespeci mens

concerning th

on the prolc

sirtyuat ed

(N
1934: 54 ; |
( Roewer
Wh

1934: 429;

weakly to mar

t oot h. The di

hypot hesi zed
and M
nat.

n combi on

teeth are

FSM, FSD,



progressively decrease in size, proximally or
are signifiodaomgty facsrsebement ofi f§ecemdargyr atdead ti
each category apperaci ftioc bendt amaoyw prove synap
t axa, especially at the family | evel (PI s. 2 4
the only famihy awithhteet RSM,egbb$DesahnedetM&M,

increasing in size proximally (PI. 240) . The
concerns species with a | arger number of t ec
gener al range aomfi |tye eotrh siumb ftabhmaitl yf, and wher e th
the presence of small teeth, wusually denticle
smal | teeth interspeJoslepdu giinb &tPhles nFeSIM &rBg w 1lili B)
mi nute thietdwdentiwbel br gttar rA Sat tédsientbha nitl® i8 9

(PI . 78D) . These denticles are, i n general,
presence/ absence.

DENTI CLMBLTI DENCAREI T)SUWERNUMERBRYTH he t er ms
fdent i f@nlué $ | deamtdaufpeer n u marearcyoommonl y encountered

i nconsi stently appmDleing dhailsre dteheen |uisteedr aatsu rae .s yfin o n

Atootho (primary, secondary and fondal teet h;
typical of theitmudni dWmantehaohddREagwer g. , i n
1933 0r to describe very minute, often intrasp

exampl e, the movabLawfengeygavhparrotboenr, mall9e81 ( Pl

J) possesses deredw dqfi .mi.putdenticles) distal t
not denticl es. Most denticles are secondary o
AMul ti dewnlidjadcect,iovel y applied in the |literat:u



with the most common tutsergre, o ft od eretsictrii dre @h graa c
of s mamlelgaurasiplayced teeth in the median series,
teeth in the median and retrofondal series (P

with Atypical 6 ecemiuiltiiadrenttad»>xa cwintdh ttiton posse

secondary teeth, and the cutting edge of the
row of small, relatively homogeneous teeth wi
The mul ti deamthatoec cauamsdiptr edomi nantly in Melanob
extent, Karschiidae. It may be restricted to

The dentition of some species of Eremobati
and Mummucii daeptuabwhyyy, bemales, exhibit so
characters, e.g., increased number of seconda
(FST, MST teeth) and proximal to the movabl e
homogeneity among alslertieeest h( Pofs .t h2e4d Omne dP,a b 0 H,
but cannot be described as truly multidentate
| Eusi moni BAi dulvatntada 9B8B65xed fingers of both sexe:
more distinctly sbeiprimmaeg amdwhecbndary t ee:
and regularly spaced, whereas the movable fin
towards the multidentate condition, with grea
primary and secd8redary Wheaetlon( PI1983) described
Nami besi d PpaslilDl8@8&@&AR3), which possesses an unus
secondary teeth compared to other daesiid tax
does not possess thetmuoistdestaedethaed here,

similar and equally spaced, and i Namhlee<eifare



pal tihdas si mply possesses a | arger than wusual

similar to the | arger than wusual number of MS
Mul ti dentate patterns of dentition, and a ten
as diversbaasdBeem&arschiidae, Mummuciidae an
someti mes more pronounced in one sex or the o
pattern of dentition may provide useful insig

condition.
Superauarydefined as fnexceeding the wusual,
(Grove, 1986: 2295), has been used to refer t

prol ateral (MPL) tooth (Brookhart, 1965: 153)

(Muma,: 1982 or in the fondal notch of Eremobalt
302, fig. 73); the prolateral toothlike struc
Sol pugi dae (Pocock, 1897); additional seconda
(Fichter, 10GA40H) filmil ater al asymmetry (e.g., )
variation (e.g., Muma, 1962), and interspecif
Muma, 1962: 10); or the retrolateral fondal s
Asupernumenmmayes dsary, however, i f the abovemen

Aaddi tional 6 teeth are more preci sdalzeddefined

(7))

ubproxi mal teeth, etoc.



NUMBERI NAEGBFH AENTAHORMUL AE

Numbers and f or mul ae daersec rciobmemotnhl ey duesretdi ttioo n
Adi stal to proxi mal n wnsbeedr iimg pilsa cceo novfe ntteirommsa |f|
teeth (e.g., Whartdentit@a8l)Yyaordhwosategpes. ef, a d
pattern formula (Tabl dormul &) adamd oa twuinzad edryagd |

have not been standardi zed.

DENTARATTEHF®RMUL AEe nt al pattemml|l dyranud ambi nati o
dental terms and numbers to indicate the type
Several formul aesarEeTaulsag ah)dlbydi ned for mul a,
i ncorporates variation in the secondary and f

the fixed (dorsaUlUgpdlilngteMe [Hledndth«ta,o nl 9a3f8 ( Pl s .

(7))

-(FIDDM(1-2 FRP( YRF) (3?PF). Numbers in parentheses
(FSD and FSM) and fondal (RF and PF) teeth, r

plicable), underlined numbers indicate the

QO
©

indicate uncertainty,sca.rge.d owhaean ttoedthh oar epart
broken. Notation may be adapted to accommodat

understandi3ng4Ré&)g-04-PFAPBEM

St ZEGRADI WGRMULAEWO superficially siminwirzget f
grading dme musdack, illustrated here with the pi
an exalmpd ef.irst formula for grading fondal t ect

and foll owed by Brookhart (1965) anod8)Br olonk har

this system, individual fondal teeth are numb



and then ordered Theoao dthidlagfel Itfoors ntanled .PF t eet h
thus indicates the first toothdtofbertheahdrsg
respectively. This formula does not allow for
requires el abor at.igon ifAnF Tt hger atdeexdt | , 11, 11, I
(Brookhart and Cushing, mfNMaur ¥2,901)98 2ZN'h eu sed oRcC
Arabic numbdercsatteo t he r el atfioime d saanade sf corfd a le ettehe
in Roman numerals (Xavier and Rocha, 2001; Ro
Carval ho, 2006; Carval hoetet a@nl.y,, 2i0nl OAr aobri cf onru
( Maur vy, 1982; Armas, 19N3)d.ecTeeeatshi nagr eo rrdeefre rorfe
distal to proximal, with size | (or 1) being
and so on, in the ordeonitmhhehiichgeéheyAacer &iin
the notation for the PRFY1AEEHRB)Phs 22@E)d dwedultd
VAN i n the notation of Muma (1951). This syst
similar slildéddiimratges tithHat the second and fourt!
and is therefore preferred here

Size grading formul ae are prone to error a
bet ween series (i.e., median and fondal serie
may be of valwue for independently communicat.
Carvalho et al. (2010), the -rift-F 9| dhdes ahotf omalt
their |ine drawing (Carval ho et al .c an2n0ilnOg: 23
electron micrograph (Carvalho et al ., 2010: 2
added a | evel of accuracy to the species diag

(201U0) .i s suggested here that Ar abries enruvrebde rfi onrg



individual teeth, e.g., for distinguishing am
category, such as three MSM teet h, |l eaving Ro

Si ze.

LI FEBTAGES SE®PUAD MORPHI SM

The chelicerfad maleeng igandnj weni l es i s more c
1919b), and of females often more worn (Ficht
speci mens for which reliable identifications

that were examioédj mmheudenstappenrs to be sim
except sharper, probably due to | ess wear, an:
Zeri ®osadack, 1897 the FM tooth is wusually 1| arg
124E, H), a pattern also exaggerated i n i mmat

Modi fications to the dentition increase wi
on an examination afesamdmail esi mmateufesm, Whar"
documented the change with each molt from the
the fixed finger being si miBlia@®)sthr isatzes and sh

(Lawrence,t doRklBg forms anddshapemal ebserved in

TAXONOMSBIOCGN! FI CANONET RAANSCP E CVARICATI MENITHN T1 ON

It i's wel |l known in systematics that I nt

species del i mitation and diagnosi s, wher eas



noi se.tiDentiis commonly used in solifuge taxono

unreliability. Variation in dentition, especi
Hi sTorRI BRARSPECTIG/Ee | i cer al dentition has trad]
soli éygeematics at al | |l evel s (Kraepelin, 19

Lawrence, 1955, Mu ma , 1970 a, Wharton, 1981, \Y
monograph of Roewer (1934) pl aced the greates:¢
Roewer 65934509) considered dentition t o be
emphasized i1ts importance in solifuge system
variation in dentition not attributable to we

refl ect esdt ienvealymesvpeelciiedsent i fi cation key to sc

with an increasing number of species and gen
within Roewero6s (1934) <classification, subseq
the deanhdticomticized the reliance on <charact

Birul a, 1936b; Si monetTuwur ka,n)dl OBd nmee saevcei,e sl 9d6i 8
by Roewer (1934) on the basis of dentition
Gr omov, 20®0C) thwet majority of t axa, Roewer 6s

Regardl ess of reservations concerning the val

there is a recesgreictiifan tphaatt etranxsonar e real, as
as fAdentstcomparatively constant within | imit
fdentition € apparently qguite wvariabl e but [
1962:12), Afdentition of <chelicerae somewhat
(Muma, : 123 fnAdentitioné cannot be relied upor

di stinctionséthis does not exclude their use



considerationo (Whdrdenti LtBD8m: i Fslpfiegcei nfeircadl | (yR os

a Carval ho, 2006 l166)-evdheatuageént exrine & sl p et coi
variati on i n dentition depends on series o f
identifications, and comparability among stud

Variation cannot be sadutsf abeoraviayi |l adséss
Sspeci mens, especially adult s, ideally from th
are rarely <collected in | arge series, howeve
Brookhart & CReeawerggs 20DA34) semphasidenodi ti on
an artifact of smal/l sample sizes, a probl em
(Tur k, 1960; WhamfomtuddB8dly, even when | arg

variation is rarely quanmdnfs edle s iaghda ttehde ansu ntbye

a Subset of the number coll ected.
Evaluations of intraspecific variation are
identified specimens. Unfortunately, identifi

among Ol d Woped d(see¢iHarvey, 2002b) for several
genera and species are often inadequate and s

Del l e Cave, 196 8; Lawrence, 1968; Rocha, 2002

especially conlcleumiamd tdentfiltaigeenBi i(Bht he descr
Ssubulbayt uPsur cel | (1899: 389, fig. NH2) Type Roewe
designations are often unclear and/or inadequ
depositories unspecified (e.g., Muma, 1951, S
or i mmatures, | acking relevant diagnostic cha
hol otypes, and it may be i mpossible to associ



(

Tur k, 1960; Si monetta and Dell e Cave, 1968) .

and i mpossible to |l ocate (Turk, 1968&8&re Siemwenet

r

e

h

evisionary syntheses.

Even when notes on variation in dentition
i mited comparative value, for several reason
educe comparability among whetelvem avi gthn mnctsu rue

nterpreted as a flange or one of the regul ar
ounted as a tooth (e.g., Simonetta and Dell e
ave taxonomic implicati ormg,i adafifoectiisng viad w aitre
xampl e, Lawrence Chled 4Pphu)s skdapaamhammaed us@.949 fro

i rsimainly based on differences in the number

When Lamoral -é48®&miB3ned®5)heehobstifgefi ndenvelfye:i

(0]

L

S

t

rr subadult maleo (despite the presence of a
awrence (1949b), were i de&€nt ikfail @adheasr o t utshe bas

ynonymi £Led hwirlisshwir ence (1949bYy dmay thet deavt e cH e

axonomically significant.

Lastly, only a handful of studies report v.
dentification of interspecific, intraspecifi
eporting variatlison( ea.ngo.n,g Sinndo nveitdtuaa and Del | e

973) or within popul aBoodsa(jel)o, THROAKMeEe wnst A
hat report variation in detail (e. g., Maur vy,
e.JJi.monetbhal laemdCaWwh,ar1®®8; 1981), were intende

escriptions of intraspecific wapreicaddtm, wirtah ih



and among taxa. Nonet heless, it is often poss
broad catwgbtias agpes (e.g., size) of teeth
individuals (Table 9)).and populations (Tabl e
FALSRTERPRETATIMARIGRIVOOir n and damaged teeth, es
femal es and fossori al taxa 4G e Wh.a,r tloaawrlémBceg,, =
mi sinterpreted as .Amaddlamntr tadbstemtmayedlhso be 1
intrinsic variation. Solifuges appear to have

flagellum | ost (Turk, 19n6,0:1091815:) 3b0) darmpladmrce tceh

double unguis, or a misformed |l eg (e.g., Roew
exception. Variation in dentition is seldom a
flagell um, but just as thbhee ilmditceat iavoen oorfmav a rtiye
number of flagella on a chelicera, aberrant t

var i é&txiaanp.l es of aber rbainfti thtoebetMhie mnid Meal ad® bd os si a
braubPusricel  PI $90354C, 159DF),oodarmd r% pioorrteetdt ab ya n d
Del l e Cave (al Sp&EolInpeung eohft enst eiemchl7@6tricted
single chelicera. Other examples involve al/l

examples more cl ear |l y aibnegr reaxnatmptlhea ni so tthheer si.d iAs
chelicerae characterized by peculiar teeth, i

of which Turk (1948: 2630 pdu gaeglnlddo eadsa trahtei 1cBa@ B a |

but which is undoubt e dleyyf oa mehde loirc ewroa nwittele t thi d
|l ess certain whether, e.g., the deretrirtainadn ao f
robulsavar enc e, 1954 examined in the present st

intrinsic variatignyregmudreernihfeyiex@mi mias i ma of



(7))

peci mens.

Al t hough abnormalities in dentition shoul d
variation, they are not always readily identi
examine series of specmoemsl i whes awvai dfatoeémr . c (
other characters. An abnormality (e.gnetwbar a
flagella on a chelicera) may be accompanied b
Aabnormal tarsal vari)at iEoxm,mp |Vhsarotfonv,arl @& 1l:on3
concentrated in a particular specimen were o0b

when variation was r e cBodredd do pihna gaN saeafd@dued satcaf ma
specimens), 15 teeth wer esdmwuea damon gvatrhye i 3 pirr

Si x of the 15 variable teeth were restricted

PATTERNSINDRASPECVARIGATI @MENITNTI ON

During the present investigation, examinat
di agnosesthaveanhedinsic intraspecific variat.
and deformity, is common in Solifugae. Howeve
presence/ absence, relative size and shape, 1is

components .of dentition

The | iterature suggests that t hoef ftomedal t e
medisaenri es are more prone to variation than th
individuals (Table 9) and populations (Tabl e

vari ation in presence/ absence of primary, seco



23 species and 335 specimens (670 chelicerace)
published findings, Il ncluding variation in sh
tdbe, were compared with data collected during

PRI MARY THenmed study confirmed that primary te
intraspecifically in presence/ absence. Variat
tooth was observdani FDone®odlelrincaaieéeaale. 2% (
= 444 chelicera; 22 speci es; 9 families). Thi
indicated in Table 10, primary teeth were r em;
presence/ absencelyetaxdedn Whecbanit was wuncer
tooth was vari aBl avenvobkwmadl tBd gpistsd la [staebeaut]l lD]sca
(Lawrence, 19B2ppmahd tleetfm3on | ow ridge adjac
Hexi sopusLapwrseinclebo tlD 6r2eported by Wharton (198
specimens should be examined to evaluate whet
secondary teeth.

I n general, the more distally situated in
appear to bredsonvealrygbsenpe and relative size.
reported that an FD tooth Amay Memmwewcsitd gi al o
coar acRhRiamdded®ocha and R.OAcsg,e c2Oedhc hod fMeslelioat a
Leit«o, 1924 expmiesedtdsgtiunygy ploesessed a s mal
secondary tooth, distal to two distinct pri ma
this species, Maury (1970: 359, 360) mentione
size and t hiisctwead ianl shi defpigs. 2 and 3 (the fc

The. fascgbampbhe il lustrates intraspecific var.i



di stal most primary tooth. It also confirms th
theé,Fwhich superficially resembles a secondar
illustrated specimen of Maury (1970: 359, 360

the present study prove not to be conspecific

t hefrore still support the same conclusion of
the most distal tooth iIin these taxa.
Patterns of dentition are generally simila

and females of the same sdestaeb.téeatheasedunt
variation among closely rel atedi epebyedMauTlyi ¢
41), who mentioned t haRsauwnd eawapselciirdeiacr veaxrcilautsii
restricted to the fAant er ifoirngteeret hwoh eorne tFhDe, fFi SxC

be reducedl or Rahgedt dae, the FD and MM are re

species (e.g., Turk, 1960: 121, fig. ®©,, but
57), again demonstratiinogn,t haantd ipnrtoebrashpleyc ialisco i
variation, occurs primarily among the distal
variatioder FasmmabhefLawcenooeni $929 examined in t

possessed three distifnxtedprfimgry whetrlkrascsn tme
examined, the distal most tooth was very smal/l
fixed finger dafsttalhe (fFeDmalteo o(tchf . Pl . 124B, D).

FD, the general patteirmn oifn nteldda &m& I8BH,iie.s® .d,e nRL

identical to that of the female. This observa
a primary tooth, despite its superficial si mi
for greater \waar ioptpiosre dd it ot gplrlowi mal ly i n the m

10



The above examples i1illustrate two practica
assessment (with some exceptions): (i) A small
a secondary tooth, situattehde dMPs ttaolo ttho itsh emoR M
primary tooth (FD tooth or MM tooth, respectd.i
MSM t oot h, re®pethevmbyabl éi (yentral) finger,
more | i kely to be iaks drmtanort hwa rpiraolxlienailn (dMP) t
the fixed (dorsal) finger, a distal (FD) toot
than a medi al (FM) tooth, which, in turn, 1is
than a proxitimal (FP) to

Exceptions to the apparently greater stabi
secondary teeth include cases in which a medi
submedi al (FSM and MSM) tooth present, the | a
(FP ot odPh, often on the distal mar gin of the
movable finger occur in Eremobatidae (e.g. PI
Gylippinae (e.g., Pls. 85B, 86B). The pattern
RoeweBB4:1998, fig. 278a), but requires furthe
secondary tooth is confirmed in these exampl e
or well developed, of the primary tooth (i .e.
MM tooth in Eremobatidae, respectively) in sol
indicate greater stability among secondary te
medi al series, and close to the proxi mal (FP

SECONDARY TBmTsHed on oaf stuhrevelyiterature (Tabl e

number of secondary MSM teeth wadfN=o0lR2ersyped )i n

10



in number of FSM teeth in seven species (31.38

most, six species (27 .a39%)o. cTohnef iprrneesde ntth astt usde c o
especi al Fsyi zdeedn ttiecelteh, are more variable than p
Il ntraspecific variation in the presence/ absen

in 13 chelNTe&226 Beb;i cerae), of FSMNzxeeth in
440), and of FSD teetNk 1w 68 .chelicerae (4. 5%;

Unl i ke primary teeth that, in general, bec
di scussion above under Primary deatnh) t hkrased
|l iterature, the stability of individual secon
Ssize gr aldarn itomao oMM more teeth are present witd!l
teeth (MSM, FSM, FSD), a gradati @enhi mngirzasies

size proximally or distally (Table 6). The di.

teeth increase in size distally, whereas the
the teeth increase i n si zheerperfooxriemaniolrye [|Sinkad |llye
variable than | arger teeth. Denticles intersp

most | abile in pr es(een.cee./,abFsiegnscred latnar 20 )z econf or
patterns of size gradation.

Anot her pattienr nt hoeb sseercveenddary teeth i s that
comprises more teeth than the FSM row (Fig. 1
more teeth ar & habns eprtoxdinsatldlyl yon t he finger.

Exceptions to the patter nys aircee mtairfei each di ru stu
caused by the presence of tiny denticles. For

denticles among the FSD teeth or the FSM teet

10



FSM teet h, and the absence of aodistekampl gsad
concern species of Eremobatidae, taxa from ot
Sol pugi bdalmi hest aHprad il b asltagBl ban8&@&) possesses
teeth and only two FSM teeth, ando rsfi xen ggeg da dlayt
a small denticle between two | arger FSD teeth
FSD row results in three FSD teeth and two FS
HemerotrechaBhaaokbadanand Cushing, p06s8 (Pl
include illustrations by Muma HEedn®k)otpevdthai ni
more FSD teeth than FSM tHeemti NMmatta 1961 pdei !
no FSM teeth and one FSD tooth ( Ml.mabsankhi51: 1
Muma, H95tal (Banksc¢calBrdOmqgc laeldi sRa envwse rg,n alt9u3s4 a
H. 1 n s(i Ryoneav ear , 1934), each with one FSM tooth
1951: 97, fig. 191; 101, filg. md@cGgKAadO®pelim,
1911) with three FSM teeth and four FSD teeth
examples, the additional secondary teeth that
al ways minute or the size of denticles, and t
shoul d be noted-stze dt W& Dd.¢ eredtrd)d ienflalt tast r at ed i n
(1951: 101) fig. 200, which was redrawn from
absent in the female syntype (ZMUH [ R8376]; P
Cuslgin2008: 57, fig. 29).

FONDAL TEEOmdal teeth have been reported to
and size (Tables 9, 10). According to the |11t

profondal (PF) teeth was N=ouwndd.gipn fmutrhe prwemie:e

10



RF teeth in sixX nspehcei epsr e(s2eMm.t3 %)t.udy, however,

of fondal teeth depended on whether a proxi ma

Variation was also more common in particul ar
Det aixlaemdi neat i on of i ndividuals within serie

number of fondal teeth, but also in their sha

among mal es oBddlhleomglydg@Plpa@Byl dt0e6 chel i cer ae)
were counted in the retrofondal (RF) row of m
individually recognizable based on relative p

corresponds to BhaangtDabaclimraendl elyelti cer ae wi t

teeth, the retrofondal teeth were almost iden
seven N9®940)3) chelicerae. Five retrofondal sul
retrofondal subproxi mal ( RESR)r otfeoentdha | wenreed i aabl s
tooth was deformed. It is noteworthy that thr

five) of the absent main series teeth (FSD an
This apparent predispositienvedwandsesthbnosmat
di fferent families, is discussed above furthe
Variati on.

A similar example of variation restricted =
series of mal es Usfpat hentrigduapnR6ci i5d2 chel i cerae),
homol ogs of which were each recognizabl e amon
readily identifiable in most specimens, but t
was challenging. Based onrtthhe tshter urcotsur ep | cafu siinb

hypot heses are presented here (Pls. 26, 152),

10



t o

eight to facilitate discussion (RFA: 1, 2,

Two retrofondal subproxi mal (cReFpS P )s itxe ecthhe | w ecreer

in

wa

pr

89% of the chelicerae), which possessed on
S present on one chelicera only (PI. 26B) .

esent in only five (9%)r ocxhienhailcneorsate r(ePtlr.o f206nDo

(RFA) tooth in all except one (98%) (PI. 26 E)

pr
S i
t h

t e

P a

us

mo

s h

st

s h

esence/ absence was thus | imited and restric
ze variation was Bmoraen glxttletres.izvee vtaramtiimn, t
e previous inability to identify individual
eth without damaging specimens, may <create
ttern in the fondalUstdeeattha opfulscphercai es such a
As with primary and secondary teeth, fonda
ually also more | abile, especially in prese
of ondal teeth are al most al ways dfhendalrge p
di al (PFM) teeth.

INTRASPECYARIATI GNAPE TEETHAS wi th other aspects o
rphol ogy, variation in shape has seldom bee
ape as a diagnostic character,rthutn addbad at
ability in a pzawetiizcaudikenngeeHha x p hg@abBxyamplies of
ape in species diagnoses and identification
rk, 1948: 266; Wharton, 19&1: (FD) iamdl uncda i ta

eth Astrongly Shd phig @ ind aQu iiLa & tKlaoyc hs, o | 1p8udg2a) a s

i njcta bifi dZerBcahovet f Kiam slch, Sb3PpU)yaaschwei nfu

10



and the FP, FM, and FD teethle&gfurppdsashuhew
Turk, 1948. These examples were often based o
more specimens suggests that shape may be rel
mentioned the distinct bifurcatoeSoMM utgaosttha as
hastatBa ookhart and Cushing (2004: 286) examin
t he shapneovoafbltehef i nger medi anlal M) atha@ottthe pr e:s
absence of a small notch (Aclefto) distal to
di agnose specalgsroupr emeb atReosewer (1934%) 433, f
noted the presence of aevenunmdaaeersi @ ffoiocde hfMP t oo
(Kraepel i nSollp8wgar,d.aa sh o e h mi

Even subtle shapes appear to be more consi
example, the slightly recurved tips of otherw
i n al WUs pnallpleial tcehxraami Ned26; 52 chelicerae) (Pl .
shape to the primary teet Mummuai pote@ti mlel hnda
Martins et al ., 2004t he3p®Hhesdenmntg.stB3Ady.,B)t.he ves
FST, FBMahdeth ™Mel ahbbmabeixambh@aewdnsi 10
chelicerae) (Fig. 21; PIl. 155E) were fAfol dedo
an undescri bMeéel apeb(iRlssiblhA56A) and the teeth il
Whartonodés (.19BM..ofhl13gBpufceelsl , 1BO8L | ophamghe
angulNe=t a5 3 ; 106 chelicerae), the ventrodistal/l
narrow fixed finger distal (FD) tooth being p
tooth (BI9EL) ,8wlkds al most identical in all exce

cheli dNer 4®) in which both tieg&Dhtwetd prfesenxt

10



ch

Di

as

we

no

WO

SPp

r e

h a

elicerae were broken and of two, intensely

stinct, FBuawdedFKifeedth wer e obGspearrvbead i n t h
i agndcat wo ot her potmanteisalflry nc an &g eaiefnitc | oc a
[ as Sl pugmarhaee b(thye@eéHas Al though promi ne
t been ptedi onskeyther species perhaps becau
rn or aberrant tooth, e.g., c¢f. Pl . 27A wit
eci mMeen. systematic value of shape, at | east |
der st omdi,] dbwmtotstha drAssmitshseedabovementi oned e:
|l ustrate, shape may prove informative for p
agnosis at the species | evel or above, but

|l ati onships preswenetng .further as

CRI TERI APRAORA RIOMOL OGNS SESSMENDE®RFI TI1 ON

Objective, explicitly defined criteria for
solifugessaeatnol@riteria for identifying h
ndalartee etthher ef ore proposed here, based on fi
tterns of Intraspecific Variation in Dentit

scussed.

STRUCTURALPONDT I cHioMOoL OGY PRFMAREETH n t he present s

ur avreirteerdiear el oped and applied for the ident
eth. The first and second criteria are trad
ve not been formally stated. The third and

10



basedyomn hesis of the |iterature and examinat.

across the order. These criteria were devel op:
unmodi fied patterns of dentition (PI. 22B) , a
Reci prwmiadatiildn (Henni g, 1966) of these criter
hypot heses of homology for individual teet h i
of the criteria is provided in Appendi x 3.

Criterion 1 distinguishegemprntihmamy ttheetbla sfirs
structure (size and sclerotization). In the ¢
i mmatures, primary teeth are easily distingui
someti mes most sclerotized té¢dim omet medfi iamge
21). There are three primary teeth on the fix
When dentition is reduced, modified or homoge

separate primary firomssuedcamyddaieye tihe édotmla ng 1 gnor

descriptions, or miscoded as absent .Boras sec
example, the primary teeth of female Karschii
223, reproduced in Pl. 28dwihtelmetteliomt enprat &
comparison), apparently on the basis of struc
homol ogous among species. Two corollaries of

previeemdupgeidmary teeth from being Tnhiessteaken f or

coroll aries are justified by observations tha
secondary teeth, and that stability increases
in the section on Patterns of | nturpapsopretceidf ibcy V.

patterns between sexes,Zeg.igi.®$ ac fl.2 4nBa, | eD)a nadn df er

10



species,Zeer.igas,sacft.Brci t®24B) sand other sol pugid
121H), and patterns of i@Gaualsy efadadl deicaecwamii ateido
(PI . 15 A)f ameddaaaawn from Maury (1970: 360, fic

Corollary 1 states that secondary teeth ar
teeth. Thernefaordea,stwnct primary tomtthh ars not e
denticle is present in the same position, the

parsi moniously assumed to be a reduded pri mar

(¢

xample, i f a tooth is observed distal to an
di $¢mast tooth is the FD tooth, and not merely
Corollary 2 states that primary teeth are

di stal to proximal on the finger. Consequentl

—h

i rst primary tooth to be reduced os 8Bnheehast

primary tooth to be reduced or absent, the pr

argest tooth on a cheliceral finger and, whe
on the fixed finger, the FD (noér &EMareoobew i s
examples in which a probable FP tooth is abse
present. I n the present study, this was recor
t lemer otBeaercksa, 1903 with its reduced ook htaaoadt h
and Cushing, 2002:C®@®doqil df aaglgs.® 3t2r,ue3 3@mong cat eg
secondary teeth but not within them, i.e., a
absent than a submedi al ( FSM) t ootthh, nboustt wi t h
|l i kely to be absent iIis hypothesized to depend

that row, the smallest being the most I|ikely

10



Coroll ary 2 was found to be more applicabl
situated i n ddcde Tneids ains slkrkased | ar genhoyv aobnl ee x a my
finger proxi mand (MPHh me dwioalh ( MSM) teeth are pr e
(MM) tooth absent in Eremobatidae (PI . 78B) ,
Gyl i ppinae whengetherbxxedl (FP) and submedi a

and the FM tooth absent (Pls. 85B, 86B).

Criterion 2 formalizes the intuitive metho
have traditionally been named (e. g.d, oRodwer,r
positional order on the cheliceral fingers. T
(dorsal) finger, i.e. the FP, FM, and FD teetl

primary tooth, and often the IlyrtglreestFMnardeFD
teeth. Two primary teeth are situated on the
MP teeth, with the MP tooth being the proxi ma
MM tooth, the distalmost. Only hotrabeecasds
the FP tooth was reduced to absent while the
Hemerot(rRlcsh.a 79J, 82H, 83C; mentioned above wur
Criterion 3 refers to the pattern by means
overl ap when the cheliceral fingers are close
relative to teeth on the opposite finger (Pl

restricts the relative movement of the finger

interlock/overlap to a rigid, fixed pattern.
converging rows of fondal teeth, the FP tooth
in a space provided by a smaller FwMbmeadi &ID s e

11



teeth and any subdistal teeth, 1 f present, fi
toothless mucron.

The more conserved the dentition (as in PI
of the FP tooth distal to tlhet MPt ie®oNMM,t @aantdh t
| essoveérdeatppeen the teeth on the fixed and mov
overlap increases with greater modification o
interl ock generally remain mveéinf iwhedih)RPlhe 2@t
Cl osur e of ptrhoex tFaPa ittosotthomol og on the movabl e f
in the present study and there BreBhew exampl

kraek@OWihaiton, 19&1loslb%,e foif guehl&l) FdP sttoaolt ht o i t s

on the movable finger is a mMoiehoodtmman mocdobaelt
(PI'. 88E) and an uMdbtaopbbmRldsslh®a&Cl)e.s lof t he | &
the FP tooth even closes distal to the MM too

Taxonomic Diversity bt €hetuidebal ndeaed|jthowgv
evaluating patterns of desteaatiooes] apspeomablu
portraying open cheliceral fiChgers, may be mi
Criterion 4 states that similar patterns,
teeth, and the presence of other pgewmitfhild keofstt
opposite sex and closely related heterospecif
flanges on the movable finger of all species
tooshdtEer minal )floamngé,e STkKedo{ dbosmal 3péchnge i
tri goloaaBl o $§(shlas . 1448B, D, 1458, D) and on the

i n some species on tbetmgrawBleo $(senaer Pilm .t el 4

11



145E) .
Bi t(Br oss{Busul d,PI s90H8)34AB8) provides a con\

example of how the abovementioned criteria co

affinity. Il ndividual teeth an8)toothhckei sat a
di scussi on. Il n mal es ofctt hdtsr lsptewri eess , 0 It sheer weods
edge of the fixed finger -liinkeg edgtrrodattierrel ( V)i eaw
|l argest teeth (2, 4, 5). Two alternative appr.

(i) 5 as the FP dtolo,t h a&s atshe heD FtiModtoh, and arr
flange distally, or (ii) 4 as thdiKkR tloatsh,a 2
modi fied FD toot h, | eaving 5 as the apical fo
the flange,e apsatweelrln aosf tdhent al overl ap, sugges
tooth (FD). This hypothesis is further suppor
dentition with the unmodified conspecific fem
number and isvenidiazeg edfatteeth, and with the de
e. BitBbr ownhiawr enc e, 1963), the dentition of
more distinctly to&aehl Fbetobebs(Plangg8s6l, J).
Single criteriiabdec ame dleensdd triewmln becomes mo
modi fied, requiring greater reliance on recip
examples concerdrnghGCéommi h&ehiappiseae) , and a
oMel anob(l Meslsamobl ospsrioivnae)d arne t he taxon surve
Posi T1 cHoMOL OGY SPEONDARFETHHY pot heses of pri mary
concerning individual secondary teeth are dif

primary teeth, there is no fixedatagnbrey, od. ¢.e,

11



(PI'. 58) to four (Pl. 158) movable finger sub
tooth within a category such as the proxi mal

fingers, respectively, n o tphaer tpiocsuiltairo npsa totfe rsne c
teeth relative to the two primary teeth may v
a gradation in size (Fig. 17A, B; Table 6), i
category (FSM, FSD, MS M) . sSenrotu | wdi tomil ry tome d atoe
assumed to be the tooth at the | arge end of t
congeners with more than one tooth in the cat

observatjoassiegge MSM tooobhtihe MMt tabed ¢Iho &S

and Karschiidae, in both of which the teeth i
tooth in Eremobatidae and Sol pugidae, in both
proxi masilygle tooth i n ya tceaettehg oirsy tohfe rseefcoorned acro
homol ogous in two species if the direction of
same in both species, i.e. both increasing in

Primary homol ogy assessment magynbefconfoun

gradation is not obvious, e.g., due to smal/l
| arger secondary teeth. When two secondary te
and absent in others, gaps indicati mgpltolgg pos
with teeth that are present in other individu

HoMoL oGY FORDATEETHJNI| i ke secondary teeth, sever
teeth may be identified, i.e., the profondal
(usuvally) retrofondal proximal (RFP) teeth, o

inferred. Theowro$oadhy pe&&¥esses at most ffou

11



profondal subproxi mal (PFSP) tooth is rarely
are quite stable, allowing probable homol ogs
The retrof ondalre( Rh)aldewmgisng to homol ogi ze, b
constitutes a distinct | andmark, based on sha
(usually subproxi mal or proximal most tooth in
which may be usebomol odsntafyhougkrthis is so

in conspecifics or congeners.

SUPRASPECPATITERNSDENTI TI ON

Typi cal patterns of dentition are recurren:

order. The profondal medi al PFPFMl eanhtd prefasd

|l arge, tall and sl ender whereas the retrofond
triangul ar . Primary teeth of the fixed (dorsa
For example, all three 9irzenaarnydteldpme are s dmea

Mummuci(iPdlae 26) ,FDi)h & odoitsht als (i dentical to the |
Ceromida¢, (Bhd 9he medi al (FM) tooth is ident
various male Sol pugidae GPlarelI&BtrH).t edt hor s
These include two parallel flanges situated d
(e.Rl.., ,92aAn) additional toothlike subterminal f
fixed finger di sSal p(agP)h st.ooltO6 Ei,n Fmallé® 7 B, 109
mal es torfi ghleaurBl o §(BI = . 144B,) D,orl4dbiBst &bl t o t he

finger medi al (MM) ctept tgiri and Briachéései .agf , t lWaar t on

11



1981: 23, 24, o0hi gbdke flibxkgeer3)andrin some speci e:c

fingerseitni gtelmaaB | o §(sei.ag . Pl s.. 1BHd&se labE)ot her s

patterns may represent potential synapomorphi
both sexes and al | fleinfad £tsa qaend maw eemnd kelse t o be
families, subfamilies or genera, as in the ca
both sexes of Lipophaginae, the medi al (FM an

primary teeth in Hexisopaoeecdinddbe, ngnditshe nEMI tyo

FP and ZEDi iams s a

FuUNCTI OMORPHOLOGYOE®H I Tl ON

SEXuAD MORPH/PEMSI OMOREEBNDI TJAONFEEDI Nes wi t h ot her

cheliceral characters such as shape, the pron

dentition reflects the function of dentition

1965b). The brief | if emsunaenr oo s matl tedsi, b 5 sneda dcya t se
observaeigns Heymons, 1902; Amitai et al ., 19
appears to be associated with a reduction in

some male solifuges -Theedipsenadi 1961 C| bbuthae]resy 9 6
appear to feed rarely, opportunistically, or
Hr ug kMavr8t i govsg8§ ¢t dhe, cPOh@btion between reduc
in male solifuges (Asmaller, Dbl utntleirf easnpdad o rwilt
|l ess emphasis on feeding, and adgpsaedobyt owa

Wharton (1987: 372).

11



Feeding is clearly the primary function of

Except for a few ter mitophaogobues gsepneecriaelsi,s ts oplrie

(e.g., Muma, 1966c; Wharton and Reddick, 2014
interspecific differentiation of the chelicer
di fferentiation is drivenedbtyieserxubBlhe mamlhemr, t:-
shape of the dentition of female and i mmature
interspecifically, and thus probably represen:

1981). According to Wharton (clon&il)t,i otnhd opu tsatu
African solifuges (Daesii dae, Hexi sopodi dae,
Sol pugidae) comprises five primary (FD, FM, F
MSM) teeth, and three or four f22Bpl! Baséedh on
the present study, this pattern appears to be
across the order. By definition, the plesiomo
subdi st al (FSD) tooth. An FSD t ooitthi am,t d otweivs
ot herwise conserved pattern. The putatively p
(ventral) finger is also supportedl bkethe fos
araclbecihdei daracboel epgandi R°ssl er, &€t @rmsse
the movable fndgRts¢Demn| op0O@3: 397, fig. 6).
Al t hough dentition is conserved in most fe
the multidentate chelicerae of Karschiidae an
taxa tend tollcompiragrseplsanaous species and the 1
probably an adaptation to microphagy, invol vi

sexual di morphism im dértiltrgrriSot @wigid dbeaptha g o

11



(Sol pugiidmewyhieaoh of héot hssesxeghtly

i ncreased number of s e

110B, 111).

(Lawrenc®Whati®68; 1981)

austgabup, the primary

139J), resembling the

Al t hough reduction

ter mi nal teeth in male

(e. Wharton, 1987),

g L

parsi moniously explain

1965b). The diet of ma

hypot hesis confirmed b

2010A similar argument

mal e chelicer al manus

REPRODUCTE@Ne N when t h

l inpathe chelicerae ar
mucra more strongly cu
distally directed in t
may reduce injury to t
prosoma and/ or opistho
contact phase which pr

chewing actions of the

1902; Mumalbnd®&gdb)dhoso

11

Bpmich lecBaefsai | dae) ,

reduced in

condary teeth, resembli

al so known to b
, display little sexual
and secondary teeth ar

mul tidentate condition.

i n etenteh ,s ianed abnldu notri mgu nobf

s are usuall nterpret

y i

slight differences bet

ed reduéepdLéwednaoeg, i

by

|l es might be I imited to

s ome IValrari ggtoorr8y ed b sadr.

y

was advanc esdh aapbeo voef ttoh es

(see Functional Morphol

e dentition Bel pumi bar

e dimorphic imrothéde re

rved, and the distal t e

he mal e. Reduced mal e d

he female @dufremagl @i ol en

soma by the male, and/o

epares the female for s

genital opening and su

ma | kneading was not re



ammotr edhiacc,ol a gchwicbbnprenounced teeth (Peret
whereas forceful kneading of the female was r

t e eehy nfon s, 1902; Amitai-Mattafoy818662al HrugRoOS8

and a sol pugid with small, reduced teeth (Wha
however, similarly common in families and spe
reported, wseclhlaseriemobvati ds, which are toothl

Punzo, 1998bGl,uvai a adkeadrind atvhiisch the finger is to
armed with medinanendchedr oxi mdalry i Ggdvgglov &l ., 2
at | east onteh ghaluenotditde-@uwhlo mpSlooyuddaPOé&YL). There i
obvious correlation between heavy kneading an

and reduced dentition may not function to red

(coercion) WMo uanend eldeem soli fuges (Peretti a
Hr ug kMavr§t i govsg§8 et al ., 2010a) .

There is also no apparent correlation betw
the insertion of the fixed finger inaotthe fe
phase. For example, the fixed finger is | arge
mal e Athrus4skehéineddfengers of his chelicer
tract]o (Muma, 1966b: 347), wher eansgetreeotfh ar e
Ammotrechidae for which a similar Arapid intr

reproductive tract has been reported (Perett.i
significant that modification ofbrtthpet Ify xeetdt &d'r
to the fondal area, i's usually associated wit

mor phol ogy, first noted by Kraepelin (1908a),

11



obser vBeid(olhaesi i dGyd)i [Sgmumie n , 18MhBe()Gylippi

The | imited data available do not suggest
reduced male dentition and any aspect of mat.
injuring females. Alternatively, reduced dent |
Hr uagwBlarti govsg8§ et al. (2010c;me 9t5getfh,g.i Mgl udipm
termi nadf teemal,e daesii d-imrsekne naftfi odu rbierhqga vp gt
comparisons it should be noted, however, that
subjeanhdvdescriptions are unstandardized betw
meant by fAdeepo if the finger is reported to
tract? Reports of mating behavior may, theref

Al t hough oipédipoLamm fossorial adaptations o
reflected in their chelicerae, habitat alone
of males. As both sexes are fossorial and thu

t he sexuadmddfmodemtii ti on i s probably related t

may involve encircling the entire body of the
movable fingers and reduced dentition,-during
130) .

I n canttroass he wi despread pattern of reduced
possess additional toothlike structures or so
reduced, teeth. Examples of subterminal flang
teeth are warsieaws dSpdaeiugsPmalf 1 0BIFo sSsainad n
1880 (PiIF) .1%&£4@mpl es of exceptionally | arge te

Daesiidae, and wusually restrBict(@& rtucm ctah@a dreawsa

11



(PI . 137C), pkarBMtbooctbsapinto the | arge, <co
functions of these modi fications are unknown,

dentition wusvually fairly conserved in male so

TAXONOMDICVERS| TGHEQH CERRNTI TI1 ON

AMMOTRECHI DAEp it ya l ammotrechid fixed finger p
primary teeth and a single submedilad48,t ©104%A ( P
D, 150, 153G, H). A subdistal tooth may be ab:
prol ater al ( MPL) etsoeontth (nea.yg .a,| sPol .b el 4p7rE; Mu ma,
As with cheliceral shape, however, sexual di m
from weak to strong, depending on the species
teeth. Exampl es onfclswder wd snoirgpihalsnm det h associ
approaches a st yAnmenio tirne cshhualyaemiayel .;4g9d5ildi st i nct |,
weakly devel oped Brean aHi a ddtuogau,s tdu9ahnld a pr o x i mq
shift in the tsertihe sP od&c.hge.o,imé & i (@hha langboenri gc,u s1 87 6 )
(Fig. 7D, Pl. 150C; MuMm@a2:; 1®&rma, 1B451fi y36, 20

CEROMI DAthe pattern of dentition in Ceromidace
24D, 2B, %9Ind emphasieesoft heompgaoirsam bet ween
among taxa (criterion 4; Appendix 3), inferen
identify dentition from specimens rather than
the three primary teetelCeommRbhéwéer xetl988nger o

interpretation adopted in the present study (

12



finger d€etomsontwb anterior teetho (FD and F

the fondal teeth, I mplying the absence of sec
proxi mal (FP) tooth (PI. 92B). Two alternativ
t heref oraer g(ei,) stiwwi Ilar, distally situated FP an
absent (Pl . 92B) or (i1i) two |l arge, similar,
insignificant FP tooth sitwuated proximally (P

femhae Cefroma i(wPérm&® 2D, E) Cemrd nelPd ar &159t esedipport :
second interpretation (Pl . 92C, indicated wit
92B, indicated with an X). The absence of a p

presce of the medial (FM) and distal (FD) tee

corollary 2 of criterion 1 (Appendix 3), and
Roewer 6s (1934) inter pCertarms otnh eorfe ftohree ddeinstmitsis
second interpretation applied to other cer omi

The movable (ventral) fingerCedeomtai tiinem meas
and Gerreomepéai es examined during the present s
proxi mal ( MePl) (aMiM) meedeét h are separated by a s
(Pll's. 92, 95). A préotmkeectarpmnal, adesalibleadndpeg
as fAinnewelkeelf oguh 0 parall el tdiaeprcanaunmncge de c
i s si tsutaatledt odit he MM tooth. This pair of carin
deep sulcus (Purcell, 1899)CerTdaima noowiadr =t faerg
Lawrenceg,PI1s93321G, H, 94) aQdar,oma K agadetam, er e x
1885PI s. PIA)E,i &F, more complicated, and two inte

MP tooth and a modified, bicuspid MM tooth, s

12



si ze, and without a flange distal to the MM t
Si mil arotsiszeepar ated by a secondary toot h, and
structure comprising a cloinkpea ecsasreidn a pperl altleelalt

compressed,

fldikee c,utftliasnmggided gkei ( Pt . i AU B) pretat

twhich the distalmost structure iIs interprete

al | elli kiel acnagrei nae, i1 s |l ess parsimonious as i

th is app
omi ds sug
il nae have
ording to
ees with

| owed her

I's i nterpr

h the obs
th was re
mi ned by
34: 324,
The typic
uncertai
ed finger

ch are id

ed finger.

slightly

roxi mately the same sizenaethbe p
gests a greatly reduced st¢camdary
either been | ost or fused with a
which the MP and MM -tektarane, si
the more conserved dentition patt
e (PI'. 94B, indicated with a chec
etation i mplies absenscecoonfsitshtee nstu
ervation that the secondary teeth
corded on onlyCeme mahdéemae¢mcerea i n o
Purcel |l (1899: 396, fig.oewsk)y. Bot
fig. C23Bnochreareilcuesrtar awietdh accuthte an MSM
al ceromi HDordewndg he¢ i toaxormraxmil adafmfgi ni
n (Appendix 1), therefore compris
proxi mal (FP) tooth compared to
enti cal in size and shape. Second
The movable finger dentmitliaorn co

small er medi al (MM) tooth, somet.i

12



S u

t h

fo

in

as

t h

bmedi al (MSM) tooth (Ta#Hlike8)c.arDbinsatei,n ti tpart:
e MM tooth, one on the prolateralgeuhénce a
rming a sulcus, Car eanzberrcamndldihdes abovefment i on

terpretations differ from previously publi

(7]

the FP tooth, belongs to the-li&&erohaedah (

e movable finger represent a modified MM to

Rower , 1934: 323, Whart on, 1981) .

ra

us

Ce

no

The FP tooth of cCerrooomads, semapéecial cpympari s

ther | arge FM and FD te¢ihugae,unwms wal cpat th
ually the | argest on the finger. The pri mar)
romeladlat hough they are relatively small, bec

t as enl ar geidf faebdetnvese na ntheetrh et RPi 80t her ef or

i stinct.

A transition appears to be evident from a

i stinct flanges situat@d idnestmé amoiihlce e Bi Ng

oxi mal shi-Ftkencahénastwingregmndael ti mately a i

ich the carinae are greatly compressed and

di an series teeth, superfhi dinasltleya dr eosfe nphalrian g
ke carCnaernalTlmer,proxi mal shi €t of matgdhmt wo ¢
associated with the short chelicera and, p
eci es.

DAESI | DAE EXBDAMDBESI|,SXMRAESARDAMMOTRECHEGI Y en t he

i verse cheliceral mor phol ogy of Daesiidae, o

12



(e. g., Pl . 137), only the most prominent and
di scussed héeV¥,e 2(4PK,s .2 52L31% 4153)2.1 ,Bals,edl 3cbn a sur ve
|l iterature, fixed finger subdistal (FSD) teet
rame tihe family, with few exceptions (e.g., Pl
guestioned the stabiliBiyt(®pearsieadnd ,F SIM 1t40 0 tu
by Hewitt (1914a) to distinghuotsthe ngiréootutpesp eci es

Hembl gssai d ermitophagomnssgahuamong Daesiida
' imited modification ofaussgdenpi (Plon, 188pbeci
Hemi bl messeass a relatively conserved phttern ¢
14142MW). The medi al (FM) and distal (FD) teet
shape, and slightly |l arger bdawngreovep p(rRlix.i mald 9 C
H, 141, 142) .

Extremely modified chelicerae confwound hyp
species of Daesiid@rosiThpusheppereiraet of be ada,
f dborurrowing (Pls. 136C, D, 137A, B) although t
remain unmodified (Kraepelin, 1901). The teet
enlead,g the ter minal (FT) and di st al (FD) teet!
|l i ke, with a cheliceral projection prodorsal

(1908a) as a forked fixed finger. Oéhrea tfa xietdo rnf

styl oicgr®at!|l y el ongated to form a | ong, sl end:
tooth situated approxi mately medially tohre t he
movable finger (PI. 137D) .

Bi tiosn a speci ose gemeusof etxhper ensossitnghisgohl y mo

12



in Solifugae (for examples i188) Roewespome93pec
FD tooth-lieflrandper than toothlike (e.g., Pl s
modi ficati ons i nlcdrugdee, ammo deixftireednenrhoyvabl e f i nger
i B.B)crassiLdwnsenceB.B)yP8ba(zkriaepel,iBnB)sl 8odN)i
(KraepelinB.B)B8ophcawd &Kemepel in, 1899: pl . 1,
Lawrence, 1935a: 72, fig. 1la,; Lawrence, 1954:
1971: 50, fig. 4) and a ventrally concave muc
situated on the pBdB)zedeabhBBae dr e nh saBya
B)bel | uURPawsock, 1902) (see Pl . 139B; Kraepelin,
389, fig. 275c). The primary Betlbeh gar,e Roofetweenr ,
1934: 389, fig. 2xHSmmibmuwtd sfhooulpd ibrearrye t eet h r e
recognized, e.g., by LawBe&ntenyilbdbawrrce MmOe/,), r e
1962 n[a]nterior teeth of dorsal jaw absent or
or 3 obsoletpul esadoBt hsopoetchigersa, only the FD too
reduced,Gleuvg.a @dPidrsal35A) .

Il n several s ®Ubksspeac iAdg,i caddliitkieo noarl sfrhaalnlg e
toothlike structures, often c¢harHaeowierti,z ilmgl 9sbp;
Wharton, 1981), are present on the cutting su
finger distal (FD) tooth and/or the movabl e f
Applying the homology criteria forheaesatstiwat
do not belong to any of the usual primary tee
flanges (STF), similar to, but more toothlike

finger mucron.
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| n s dteigireoruaBl o §(sei.ag . , PFl ahgéeEpn &ahe cuttin
the movable finger with a prolateral l amel | i f
| amedermabharton, 1981: 20), both situated di st s
tooth (MM), resembl e anTl hadsdisttirouncatlu rbei chuassp ibde etn
described as a bifid fourt hB.t ofoitHie eont ttiBsel Inbd ,a
pri n(gllaemor al , aBh8 7s4ePo ¢ ®clka, PdAdODDk ,( 1900a: 302, f
Hewitt, 1914a: 158, ffiigg. 221; asamofaluyth9ndbso
transparent | amina on t hB. olua pirldasdradenceef, t1Me 5j)
(vi dawrence, 1935a: 75, fig. 3),; as part of th
e. ., faKcaéempehlo9D&e aepel in, 1908 b); or as a
the median B.erdiemlgawraegiceyi dlédwWherfnce, 1965a: 56
3A). Further examples of tax®8lpessas ®ichg ntalt ias
| api dBoobhadgiLaar enceB,. IrWM&&aa,da on B. 188 hgualnadr i s
various suBspkalektefaddE, 145E; Purcell , 190.
Lawrence, 1935a: 80, figs. 6, 7, 8; 1965a: 56

Additional toothli kg besbpeemenal ohl ahge$i m
fingers, distal to the FPomedspBbciceetph fdul & ¢ e
grouPBl o$(sRoae wer , 1934: 359; Wharton 1981). The
rounded -tiokdé&dapmuemi neneef omgehe( mawabéhce, 192¢
Examples of species poss@Bssiah gl dvwriresnogdBr.ut 9 29 e
crepi dRIdridelrl®,. 19&rrcadlilB,. 1p9 (a3Whcau rt soor, 1981, a
B. s cap(iLcaowrneinsc e, 1972) 2AByr delgl., 429A®B03a: 5,

1929: 171, fig. 14; 1972: 115, fig. 5D; Whart
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flange on the cutting edge of the fixed finge

possessing thisBstawghsiogecer e micdaidiefpd malv icdig sor

Purcel |, 1902: 214, fig. 4; Lawrence, 1929: 1
parallel, prolateral toothlike carinB. may be
I i t orPaulricse |l :l :5,19f0i3@g. 3) .

| n ttrhiegolouM!l of§siaa subterminal flange on the

fixed finger, resembling a sBnalgaerodmeshiemecet ub

197B), purWhuarretaon,B. 1891 niaacvoremic® , aBh@®R2iB8col or

Hewi tt(PI19141448B, D, 1458B, D; Hewi tt, 1914a:

23, fig. 49 ; 1972: 114, fig. 4 f ; Whart on, 198
SomBl| ossspieaci es, such as tmoamaeqbghoopi agdt a

few otherdnnofafdrnmdarttya (WHBartgomandh®®dENCcee. 49,29

do not posteke bDrFrangethlike structures in add
(Pl. 139D).

DAESI | OAN®I BESI,SKNEAE AINDAMMOTRECHEINIasmi besi aspal |l i d.
uni aqueng Daesiidae in several of cheliceral =c

25J, iD32Aa3n3d was therefore assigned to a monot
Nami besiinae WhaheéomovdllBa finger dentition i
with a ovalglle fm nger submedial (MSM) tooth sit
proxi mal (MP) and medi al (MM) teeth. However,
secondary teeth (FSM, FSD) are present on the
and female examinddhreech ixkedsdsdnegder subdi st al

or two (female) fixed finger medi al (FSM) tee
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range of two or three subdistal (FSD) and sub
(1985) for one mate Bhd three $ebhméedi al and t
reported by LawremMce purB@@eeanédp6) 1962 (curren:
synonymM. wpadlhl wha nfoadreael dfhatthese intermediate
extremely small, graswwdlilfyor9dn toeetalbsiemtal Ib,ud ar
four secondary teeNh bh mhkes) xedndgengerseé¢con
to six) reported by Wharton (1981: 40, fig. 3

The mal e afhmmotcree @ahel,i samoteltesrc heani gmati c, n
dae@siid species is modified in various respect
(PI s. 24J)JH,25)K34)1.32TEhe female dentition of thi

pl esi omorphic condition with a single submedi

moable fingers. The same pattern is evident i
mal es, the movable finger bears distinct prox
separated by a small submedial (MSM) tooth. T
parall ebl andraktto which is situated an addit

approxi mately within the row of granules runn
134B, D, arrows). Maur y 0y n(dladeB8sbi: Mbma sftiigt 9 80 f
mal e indicatesctsumes ari .e., a bicuspid movabl
a blunt, granuliemtper @aadostt (Mlahuee ¥yt e 1 ®880a: 62) ,
retrol ater al to the SWWh daasa th@mosturgegeehsgtlibneg t hat
closely rdluntagce.l yUynfSyemdiamen®a aefmavail able for
examination.

EREMOBATILDAEr emobati d dentitiidsa) (fte.sAO®Onglkyp
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modi fied in mal es, whil e females exhibi't we | |

addi tional s eccoonnddaarryy tteeeetthh. iShecr ease i n size p
category (PI. 240; Table 6). Greatly reduced
pronounced fondal teeth are common in males.

in soméePlt axa8a4cC, Dt,r odf,onddya.l Trhoew r(eRF) commonl y t

|l i ke crenul ations onAtrmeyv dlsa lf ifroghaedral p rmalr agti enr. &

often present, regardless of sex (e.g., Pl . 6
The typical eremobatid dentitior ay dxweompl
movable finger submedial (MSM) teeth, one fix

finger submedi al (FSMptreéohdahdagneadtdre( BYA4)

The absence of a fixed finger di ptatef(mBii abe
tooth] in front of the medial tootho was preyv
t hmagngsoupBRr emoRb&awer ,viiiM8rma( 1951: 43). Speci
di stinct FD tooth f or nkerelmo raancecocmymopdeaat teledd wiint h i
Er emoc(osseéea Harvey, 2002a) resulting in AFD abs

Er emornvhialke ook hart and Brookhart, 2006: 301). A

study, the fAintermediate tootho in question i
di agnostic character is therefore revised to
Eremorhax( Magkgs 1888) (Pl . 72H). Some charact
mul tidentate condition are often observed in
of indistinct (e.g., Pl. 67D) to pronounced (

S2gez?a@ncshaemn denyt iRoleewse)r b( 1934: 571) sitwuated o

finger mucra, proximal to the MP tooth, and a
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FSM, MSM) teeth ( Muma, 1951: 39) and retrofon

Fi xed finger median seri esi tde nftoiutri dm rrgeed u cd
retrofondal ( RF M, RFSM, RF P, RFSP) teeth is t°
25P) .r elthreof ondal (RF) teeth decrease in size g
proxi mal (RFP) tooth are smalnyermatlheasn, tehsep eRcFiM
Er e mobanBrse mochPRll i On8hBe)r. t ypi cal characters ar
finger proxi mal (MP) tooth with a distinct su
the MP tooth, and the movablte dbagretr, merdimddi(f
flahg&ke in males (Pls. 65, 67, 68). Although
corollary 1 of criterion 1 (Appendix 3), the
tooth (not an MM tooth) at( MPhe tdiogthali sb aasueg pofr
comparisons of congeners bearing distinct MM
base of the HPemobaheqeSmyl, | 1B83) (Pl . 68F). T
dentition in males is coltrolb&@Fatedhleypobatiion
tooth at the base of the MP tooth or on the m
1951: 68, fig. 95) indicates that it is a sec
interpretation of t he eesr ewvnmdbhattihde denteirtaitam ea
Muma, 1951). An additional process, situated
of the movable finger | sErewodersttRa eagiesggmsel 9Bad e
aEremor hargmga® sd(aPuwttma md £1r8e8n8o)r h a x, satnrdi at us
Eremocheli ¢ Mumper 4Dbdnolastes( Mmpayi 895 35: 46, f
46, fig. 32; 95, fig. 174, 175).

The retrofondal (RF) teeth often appear to
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bet weewrttbéondal medi al (RFM) and fixed finge
females. These are situated on the cutting ed
sclerotization and shape with the median ser.i
Theseeth were interpreted as fixBdmédi geb51sub
47) and Brookhart and Cushing (2004: 285, 286

apical (RFA) teeth (see Fondal Teet h, Fi xed Fi

Small teethches de@ situated in the fondal
males (Pls. 2B, 4E, 84G, H). These denticles
Fichter, 1941) or referred to without being a

described a®tmmoadi t hed ftoemdal notcho (Muma, 19
of the fixed fingesgwpdrMuumer mMydk d atOB) ap di Mu m:

1981l)acweassior Brbekbhant (and Muma, 1987). Accord

108) , Roewer (alk9e3ndl:y 5 7n0t)e rnpirsett ed t hese denti cl
retrofondalafdemiies esTlhod t he fondal notch dent
however. These denticles may be reduced pri ma

fondal teeth, subllpredxi, maolr saaddinkdeorriyele t che mti it diloe

homol ogs i n fermamesatoirdsn.onTheir identity has i
of the fondal notch relative to particular te
eremobati ds iwsi thho niohleo gnoeudsi a | noSohpaoafpemiher t a
presence, in some eremobatid males, of highly

along the |l ength of theEstynoethedfi st lae¢ bfaiveeard rfa
Brookhart & G@GudEhiemp,c h2z005% (aMudmrae a l@r6a7)6 C, D)

does not support the hypothesis that the prim

13



the extent of modification of the fixed finge
fondal nods hardeenrteaddced primary teeth. This | s
coincidence of vestigial primary teeth togeth
76 C, WheY her the denticles in the fondal not c
apical eeRRA) nt females, or independently deriyv
teeth, remains unclear, however. Al though usu:
t wo RFA teeth recorded in females, the fondal
similar positthieomRaFIAl y eet h i n females. Unt i | ev
contrary, the fondal notch teeth/denticles ar
teeth. It seems clear, however, that they do
seriesforettheinger. Consequently, it may be c
eremobatids (Fig. 7A, B) is not homologous wi
Ammotrechidae and Sol pugidae (Fig. 7C, D).

GALEODIDAHhe teeth on the fixedidaer sislujalfliiyn
appear wor n, often merging into a | ow, crenul
63A; Pocock, 1900b; Kraepelin, 1908a). Even w
1900b: 136), individual teeth magl lbye byeapplfic
of the criteria in Appendi x 3.

The typical gdlPedINNR 4d20DB,BG 36, c ompr i ses
al | primary teeth and one or two submedi al ( F
tooth on the fixenhlfeisngearhe( TFaShD e o08)t.h Inmay be d
from the FD and FM teeth when all three are r

submedi al (MSM) teeth occur on the movable fi

13



Birul a, 1938 1s1 6a, Ifairgg.e 7nSuymbwehri cfhori a t axon th
mul tidentate characters. Both the FSM and MSM
(Tabl e 6). Panouse (1964) observed that the n
Ot hosepseci es i s stcadlley,i mti d rhs gevwoi ftieet h i n the |
four i n the retrofondal (RF) series, the | att
basi fondal mar gin. The s &mé e padreBsaerrang aMaeso doebss e r

Kraepelin, 1899 sdeci mgnshexpmesedt study. Thi

teeth of galeodids are relatively well develo
Unli ke male dentition, female dentition in ga
wear may be venyopdenospeedmens (Pl . 60E).
Gal eodi d dentition patterns were incorpora
authors (e.g., Caporiacco, 1944) and rigidly

regarded the number of secondarsypetceieetsh, aas vai ecw
| argely abandoned by | ater authors (e.g., Tur
galeodid chelicerae (Panouse, 1964) has resul
and often very broad descripwaonaef ICiomisteead eutt i
evaluating dentition patterns or comparison w
GyLI PPI(DBEI PPI))NAE N Gyl i ppinae a distinct dent.
23G, H, 24EF, 285F, MA,5A). Tbokt maheGghefpadan ae
Acant hogBilriwlpau,s 1913 superficially resemble tF
in shape of the manus and fixed (dorsal) fing
reduced dentition onfitrhgeerf i xreadx ifmanlge(rEP)A ff 0 xteh

Gyl i gPdmenoc &Meoner, 1®& 0dbi, s twii t cht but small er t«
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t o, damdacdtjlaycent to the FP tooth, at its base.
G.(P. nonocerase disuatedo t.hePsaet ttewon st eceft hdent al

suggest that these reduced teeth are the fixe

(FD) teeth (PI. 86C, D). This is supported by
Pl . TBBC i m ewghuilcar FP and FM teeth are present
by a small submedi al (FSM) tooth situated cl o
tooth at the base of the FP tooth in males. T

fixedsfubmgeli al (FSM) tooth, which is in a pos
the FSM tooth situated in a similar position
This fixed finger dentition pattern comprisin
tootiht satbase, and with vestigial FM and FD t ece
typical of Gyl ippina@é318&; gBi,r Rloewelr938:;93@r or8d\

GyL!I PPI(DIAFEOPHAG):NAEhe dentition ofilLLi R2etg-ha@iba e
8789, igpPCis complex and challengin@nto interprt
unusually I arge retrofondal proximal (RFP) to
primary teeth (emagy,b&®&haynapomdOghlijc for | ipo
the similar size of the fixed finger proxi mal
retrofondal (RF) row, and the closure of both
proxi mal (MP) tooumdaopyshetrwsemnm hehd medi an ani
observed by Wharton (1981: 39), who stated fa
readily distinguishable from main series in s
the |l arge strudtlyr ensittheatmed i @iiieddlacftioxnead f i nge

mi chael svdmacyh be i nterpreted in different ways
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traditional Il nterpretation of the | arge dista
finger as a | ardestdlistabtlh deregect eRoewer, 19.
il lustrated in PI. 88B (indicated with a X).

reinterpreted as the terminal tooth at the ti
process fuseld $wrftdoee dofr stahe fi xed finger (PI
mar k). This interpretation is briefly discuss
| abel6Gdf rlom di stal to proximal on th@&. illustre
mi chae(lP3e8BmBi) . Teeth 3, 5 and 6 are similar in

small tooth (4). Patterns of overlap with tee
that tooth 6 is the FP tooth. This interpreta

patern of the relative size and number of tee

series of the female. The most parsimonious i
rather than 6, is the FP. This differs$ofotdm6pi
as part of the median series (e.g., Wharton,

Having identified the FP tooth, the remain
readily i dentifiedTinmimolsa eflogemiihe £ hexoveoptal t er
hypot heses may bteooctohn sZ diesr ead :s ubid)i st al seconda
structure 1 is a |l arge distally directed di st
tooth and structure 1 a | arge distally projec
the medi 4l seBBELY . Neither hypothesis is supp
overlap (criterion 3) but the second hypothes
T. mi ¢c hared.s emrig®hea88F, G) and is therefore ad

Thi polhyhesis is further supported by an observ
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subm

as a

of sa

rein

i .

edial tooth was absent in one of the four
subdistal tooth, this would Iimply that a
bmedi al tooth, a pattern not observed in
terpretation, the structure previously id

mi ¢c h@krd semel in 1914: 132; Hewi ttndlf1919b: ¢

fusRamaewer, 1941 (Wharton, 1981: 43) is actuall

i . e.
t oot
fing
horn
appa
t he
from
vent
car i
fing
i nte
t her
proc
I
i ncl
FSD

(Pl s.

the apex of the fixed finger, the tooth
h is the distal (FD) toothpeéeRl of886Ge, fand
er is a cuticular outgrowth of the dorsal
|l i ke processes on the fixed fingers of ma
rent fAapexo of the fi xfedsdd ntgert hes &orsepla
finger is further supported by the presen
the main-aodt hebonotheepab sides. Further
ral surface of tchhe peesgsd snsads ttoloa ht W pFiTo a Iw hc
na f | ankandd brye ttrhoef oprrdoa | carinae character:i
ers whereas the fused hornlike process i s
rpretation, the dnggmopthindmac b haosomar sepa
efore not a smaller distal tooth (Wharton
ess fused to the dorsal surface of the fi
t may therefore be concluded thaagitmhaetyp
udes a singl eBF&SIM ¢ pimd idh@ capdhdaaodrei o h(bt 0 ma

teeth on the fixed finger, and a single m

2 4TFa, b 125 GB;) .
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HEXI sopoODINDbAEat t empt has pr evdieonutsilfyy boere nh onmaod ec

the dentition of Hexisopdtl) dablall den2dBi o5C

modi fied and reduced. Whereas the median ser.i
di stinct, narrow cutt i ngheexdigseompaoidadadslo!| fi ¢ m@glees , a
Acutting edgeo of the fixed finger is a broad
167C) . I n some males, two parallel teethli ke
flagellum and another on thetoetoonstiatterabl sur
variation in the number of smaller teeth or d
burrowing may further contribute to intraspec
1981) .

Femal e dentition may tahsesidstntiin i wmd erfs tmaan i
Il n females and juveniles, secondary teeth are
vestigial on the mdMabliFgDi Ageho(tBhst he2@Ent. i
femal es is more conserivse duntihgaune twhiatth ionf tnhael eosr,d
| arge medial tooth on both the fixed (FM) and
twice the size of the other primary teeth on

As a consequence of what appears to be a p
teeth of male hexisopodids are sitGCheéekdpuswar
hirsthree distinct primary teeth are situated
flageltaomards the retrol ateral iB,i dEEDPA THhe cu
hypot hesized fixed finger medi al (FM) tooth i
patterns of females and juveniles. A smaller |

sttuated distal to the FM tooth, with three eql
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situated distal to that. Parallel to the fireg
side of the cutting edge, a proltahpeemblatteoat hl

dent al pHrPddeyiss situated near the base of the

prominent process, recognized by Hewitt (1931
movement of the flagell um pasttiaoncserafaitnh ep oprni
teeth (on the retrolateral side of the cuttin
near the base of the flagellum (on the prol at

ot hhre | ysppuesci es e&.anhOresdi:are@oxshomMtewiddgei 1931,

and two unidentified species. The Q@Gentition w
short ¢(Pdgel29G, H), which differed further 1in
process. Manual rotatspecomenheevieaged!| amadf t
completely prevents rotation past a certain p
functions to prevent rotation and damage to t

The fixed fingeHexieanans om, posfBihadsl e x ami ned

the presentH. saudeg dpiwresncseH. 1196BAtws Kogch, 184:
H. molismdrial , H97Ru,s avwddsusmore reduced than tha
speci@lseloy(pPuss. 127A, B, D, 128Bot (e tTrhuies fnoary
Hexi ssepeasies, e.g., Wharton (1981: 48) descr.
fingdr D@Grmaswsnce, 1967 as firelatively well d
teeth may beHeixdesrtpiufesioep airn es omo swii ttihonsh of t he

teeth and the relatiQkkelsypds-bfdgdpr 6MesD0ath 1|
of the flagellum, similar to tChel ympwlbastearveld d

i n Helxli sepasi mens examinececfewasedvdrni asslay pr ot u

13



b

1

Chel ypad#éi s

b

a

a

F

o

©

earing teeth

981), and i s

e more distinctly

ppear to restrict

(e.

., Lamor al |, 197 2; Whart on,

i nterpreted here as homol ogous

dent al

pr oc ePs s€ hceil fybpeucsa u $ € oimt t app € &

n the retrol ater al

composed of individual tee

movemelhedfy pimime tfeled che lalriem.p

essgde o6t it kBehhppoadesuuzedny

eette xwifsapassituated on the prolateral side ¢

he retrol atChredly psaindde fausseidn t o the positional/l

rocess (ChLeDPR)p dosfiog hlkeysg s is supported by the
oot h on the dHeenxtiaslo ppursoocrees sproofmi nent , and situ
osition to Chel FMssiggebhtohg that it may be h

ocotGhelfy pdéd e

pdehatakrplrocess (PLDP) appears

t

eeth, e.g.i6 .ma.ldertieees hofon3 | ow ri dge adj acen

nd size of t eet h

M and FP teeth.

One te thearly

\Y

ariabledo (Wharton, 1981: 5

dentifiable teeth are pres

f hexisopodids (Pls. 126D, E, 12HEXIi 52®pAs 12
mal es appear to possess fewerCheleynyaysesatwi mdist
at | eaatcbhdeesagoto Wharton (1981: 45, 48), b
nd the patterns and number sproofd otreseatl h saerrer antoet
Prodor sal g r,a rGured ryapiulso® ihs,0 pruesspecti vel vy, i s s
rol atemanl t wWe cutting edge of the movable fin
ynapomor phic for the respective genera, or a
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serrat eofChaerliynppuss| i ghtly more distally | ocated

the cedgengand often situated parallel to a c¢
prodorsal serrate carina bears denticulate pr
di fferentiation (PI. 130F, G), which have bee|]
(Purce:l ,2259)0, irow of mi nute teeth forming se
jaw near fang tip with a row of 4 small teeth
to six very small teetho (Lamoral, 19723%: 96),

(Wharton, 1981: 45). The status of this struc
(Wharton, 1981), and its homology among diffe
An addgtaaonébsri ttucaottend prodorsally oppbosnte the

some speteixeisspopfus. 127EWhR28An, wag88bbserved in

Hexi sepamined in the present study. Al though 1
structure is not homologous with the median s
and granul ar character suggest that it 1s not

carbpoiChel yepusher

The two hexi s €pe d iyagnudlgeexni esr,oapouasn t her ef ore be
separated based on two distinctCheHatpluest er s of
medi an series on the fixed finger titsi ,sg teudagee,d
parallel to a prolateral dental process (PLDP
He xi s,optulse medi an series teeth are hypothesi ze
131). A prodorsal serrate car i nan otrh ep rnoodvoar bslad
finger, in addition t hthgapnoileedxii asno psuesspest i & et

A characteristic row of -Isinkael |Id,e nrteigculleasr |lyi nsi
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the ventral edge of the basal foydapomanr ghyn m

Hexi sopodi dae, although these denticles bear
the base of the eremobatid fondal series. Unt
these-lb&kaed denticles are interpretedthetlPl asl3

KARSCHI tWage schii dai®, (RU®, 28R, TBRHASEONt ains
species with truly multident atEuscihmeolniacaelr ae (P
many s peKecairessovhoitfdd a tendency towards ead naunldt i der
movable finger subter piinkael t(eFeSTh awSdl ) modveanhtliec | f
Ssubproxi mal (IMSkPe) tdeeentthh cdree common among karsc
females (Pls. 50G, H, 51D, 52C, D). According

Karschi iodaed ianéinéa ed taxonomic value due to var.

within series. Gromov (2003a) therefore descr
broadly, in terms of the range in number of t
(1998a) assegesiwvwalid, it can only be evaluate
teeth are identified, a task more achievable

Roewer (1934: 296, fig. 223, reproduced in

primary t eleet hKaorfs ctheenmadae on the basii¥. of size,

Based on relative size and sclerotization, an
critiedri(aAplpendi x 3), a different interpretatio
species i |RouesvierraK eaedsgiklyma st i gBoifreurlaa, Fo&89 MWet ai | ¢

compare Roewer 6s (1934: 296) fig. 223K, repro
PI . 51E.

The typical pattern in Karschiidae include
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one or tewla asubmPkSM) teeth on the fixed finger.
Arandomlyo situated demntsiianpdad gmay 1®e 2109 s e tp

FSM teeth canKbes¢iBeaseha, ©£8938: 57, 66, figs.

common pathtoevlever, i s a single FSD tooth and t
movable finger submedi al (MSM) teeth are pres
are often reduced or indistinct (Table 8; Bir.
secondar yt heeftihxed finger, which increase in ¢
finger, which increase in size distally (Tabl
and PFP) teeth in multidentate Melanobl ossiin

to beceddin multidentatld) KaFechexamape!| ¢ Pl e x & @iA

both chelicerae i n tElurseanomd lae de@adé emidme mat ot he
profondal teeth are absent in two, and repres
number odfondatlr (RF) teeth is generally at the

(Pl siD,23M)A, but varies among species.

Femal e dentition is relatively similar amo
di ffersKheswem@enat he otBausSgeaener Bh88 0Rcawer ,
1928 Eaunsd mpRI 550 The primary, secondary and
di fferentiated and the spacing among the teet
Karsg¢itla 50B, F), wunl iikeh tenehiokihtera gteynpirag | wrh
finger.

MELANOBLOSS( DearRHAX) ThAee f i xed (dorsal) finger
Dinorhax ro¢PrempBdt a@bA, 56A, B, 57A, B) ar

shaped, and more distinctly differentiated th

14



fixed finger proxi mal (FP) and medi al (FM) te
teeth, but itshe edllDbcteaot The dentition on the mo

sharp, jagged cutting edge; the distinct prox

the movable finger proxi mal (MP) tooth, and t
medi al (hbMM)T hteo oatnt er i or surface of the MP toot
toothlike structure, the position of which re
submedi al (MSM) tooth on the movable finger o

may becar pore to the MSM t dotkle. s®irmialtarolny, ode rnt
surface of the MP tooth could be precursors t

j agged MP tooth with a probable MSM tooth on

il uestnsat Si mon, 1879: pl . 3, fig. 16, Kraepel
a more distinct MM tooth and two additional d
published illustrations, and might indicate i

finger cutting edge,sbambdnedxwdt hi hber dbobeet h

among Solifugae.
MELANOBLOSS( MDAROBLOSS1 | Whel anobl ossiinae dentit

24Q, R, 2Bl15,9)U,i hlesldbdett examples of multitdhent a
fixed fingleawroefncfeegndidheer hoh@PlI1®981154L, 158F), a
tendency towards multidentate dentitfemal e. g.

Mel anobl osgiPa .brldbrry i, occur i n Mel antoebdtolssi i n

are more pronounced than the retrofondal (RF)
unl i ke karschiids which are multidentate or e
condition, in which the retrofondalt tneaeyt hbe( RF

14



difficult to distinguish between primary and
especially species in which teeth are absent
positional <criteria (Appendix 3) maygbéehappli
identity of the primary teeth as described ab
size and sclerotization) is the most wuseful f

of the fingers,L.e.mi(nRPUtsehelbdimal é58F) .

Not mal anobl ossiines are multidentate or di
mul tidentate condition, but male dentition re
these taxa, as it is wusvually greatly reduced.
homol ogouns nted eatnho bil ossi ine males is illustrate

Mel anobHrosunPi. 155, witi)t eaentdh alna buenldleescc rli bed
Mel anob(IPlssila56). The fixed finger dentition i
the mownaglkelre dfeinti ti on relatively distinct with
(MM) tooth separated by a smaller submedi al (
fixed fMhgeraoWdi anobdm.ssmay be identified by
mor phol oget hc2, 3 and 4, which all resemble a
compressed finger, and tooth 6 thatM.i Drdiuxtsiin

is hypothesized to be the FP tooth, based on

fixed and movable fingers (PI. 155D), and cor
155 F, G)Mel lam otbH p.s,silmowever, the movable finger
proximally on the finger, and the pathern of

FM and FP teet h, respectiveMy DbLPhsnfmbba, C) .

conserved hencbetanohd@.ssinatrmere | ikely to be

14



de

spite closing fan fdMehlteman o hdopwe heeaaMPi nteodo t h .

wi tuto compaM.i storna Utrosat h 7, rather than tooth 6,

t o

Al

t o

r e

15

be an FP tooth, emphasizing the value of t
though the identification of primary teeth
formul ate hypotheses of dental homology, e
ciprocal Il l umination of c¢riteria outlined
MummMmuct IidMuUEMmMuUci i dae denitai,t i2dmMN, ( REN,/HDIY 26, ]
1, 152, 1531, J) display the wusual <compl i me
i stal tooth on the Muimmedi miankgrea u DY X6 &, gor

di al tootwvlabdée fhegmoMunvWci a& Rgacuray,in 2001 may
reduced (PlI. 149F; Kraus, 1966: 183, figs.
e or two submedial (FSM and MSM) teeth are

ngers. A s®di snayl beoptreseht d¢X5aAapbsenn & Pl s

ri &dspafl at mapebcbhbrkamined during the present
i mary teeth were observed to be stable in p
oxi mal <curaywatcwerse odf ithhhe wi dbhaVvatieathon | i mit
condary and fondal teeth (see discussion un
|l i ke Ammotrechidae, a movable finger prolat
mmucii dae (Maury, 1984).

Mummuadiae includes species that share a ten
ndition, i.e., relative hosneoccgeindeirtyy tiene tshi,z ea
gul ar spacing between Muhmemuceied hc o, #Exacmpdredu i

ndocRoaewer , MT 23RBdeha and CarMuandnhuoc,i n2a0 Onba,s c u |l i r

14



Lawrence, ULQmaAal,| atnad Peaidichesa sharing features s

taxa, these ssipmicliersi tsiheasx ein the shape of the ¢
the proxi malf ¢hevapurces of individual teeth.
i . pu(RkRhsa 26, 152M. fcomr Ehiolma Bamad i | (Martin

2004 2365, fig. 3A), mi ght be due to converg
mi crophagy, or to phylogenetic relationship,
mummuci i d taxonomhauiry,i 19@i8s aXaakl; aMar tRionrcsh as
al. 2004; Rocha abBadt éOnw jviall)hbo, 20046 ;

RHAGcoDI DRBe typical rhagodid dentiiH, oB7CPI s.
D, 58, 641, J) comprises all/|l primary teeth, i

fingerwantdeet h ( MP, MM) on the movable finger.

we |l | devel oped on both fingers (FP, MP), the
medi al tooth on the movable finger (MM) are g
(e.gr.k, Tm960: 121, fig. 9). Due to its small s
a secondary tooth, but positional criteria, s
58D) and corollaries of criterion 1t (tslexzmndar
primary teeth) suggest that 1t is a primary t
and a very small MM tooth as the only teeth o
wor kers (e.g., Birul a, 1905; Roelwer ,( LRORBHU:: R®)
Consequently, secondary teeth are absent in r

seven retrofondal (RF) teeth (Pls. 23E, F, 64
homol ogi zed across the family. A f)ew esental lar edi

usually present (Pl . 641, J; Pocock, 1889). A

14



movable finger in both sexes of alll species (
but to an even greater extente hae waeasdlotr endt iyl
few published illustrations, greatly | imiting
this family.

SoLrPuGcI bABDentition in Solpugidae is relative
Solifugae families (Pl s9id@BILS5Y&EXxUR2KUGCdi Hor RBIHS |
varies from minor with dentS$SdlipuwgirkkeéRlcierde dtna b
110B), through minor with dentiZeroina bsaereil cye a e
(Pocock, 18®BH)), (tPd .maljldrEnom itfhi edde nand igrmeat !l y r
mal es ,Soe.pgu.g,i st(®@l bild)d0O&vodi fi cati ons in male d
size, shape, and relative positions of teeth.
however, five pri mar y taenedt he aasrid ya livdaeynst ipfrieesde n
agreement in the number and relative sizes of
although there are exceptions.

The dentition on the movable (ventral) fin
(MP) toothalndMBl) medoth. The MM tooth is usual

the MP tooth. One to three submedi al (MSM) te

most common pattern on the movable finger 1is
8), situateduael byediaedtly adjacent to the MP
are present in &Hofl pwgap dbbvvsomaedse rlioa 9f, us c a

(C. L. KochZel842) Parcodmr &, 1898) (PI . 116D; Roe
293a; 448 ,409f6i,g.f i09503;20d) . I n specimens with t
secondary teeth are situated in a row along t

14



117C) .

The typical dentition on the fixed finger
someti mes tiwol s(uFbSWM)d teeth and no (rarely one)
8). For exampl e, Wietthism | o upKarpapdi pedtliiaom, oX¥899) ,
(1981: 67) reported fnat | east oN=2018mal Wh&SDo
(1981) reicotriden ivart he fiSe@eldpddingtNa= Wi€ndlidrn on
femaNes21 males) and observed one FSD tooth a
and seven males, but with the second FSM toot
chelicera, oaned FoSnDe tFoOM ht,oot h i n three mal es,
FSM tooth in 11 males. The male depicted in P
tooth, whereas the i mmature depicted in Pl . 1
femal es report eddl)by SMhxaualondi(mMm®r phi sm in the f
pattern therefore aPpelmrircdher ber m$ celspeidighans
Roewer, 1934 is unique among Sol pugidae due t
secondary teetBol Balgihhhd®tRaest el i n the present
110B, 111) bear two FSD teeth and five FSM t ece
counts for this species fall within the intra
and two to four F SWh atreeotnh ,( 1r9e8plor.t efchebyaddi t i on
found to be | ess co@mohiindaswevvnarh | jelbwea Bislteag e,
which the most common pattern in(¥He)fixed fi
Exceptions were pees@rici menswoTbe skeesnd FSM
from both chelicerae of one speci men whereas

was presenhheloincdmoad @¢f a second speci men.

14



FSD teeth are rare in Solpugi daet aemtdh usmu al
denticles. I n the few species with more than
increased in size distally in both categories
denticles in the FSM and FSD rows, no gradat.
categories waSs dh,snedraviveedv e rn.

Whereas the fixed finger proxi mal (FP) too
primary tooth on the fixed finger in Solifuga
the fixed finger fnieedni adli s(tFM)c ttloyotlharigsero t han t
the sol pugferdi ggeblaues FM t oot h is especially pron
juveniles (PI. 124E, F). Simonetta and Dell e C
|l arge FM tooth o#HevaamnsAasi miplezrileys | arge FM t o«
Sol pugiTBurik,el1%960 WRIi chl2apPehdb)sel v Zed iadegdato
(viderk, 1960).

A prolateral tooth on the movable finger (
sol pugi di speci ebBEef emnat ke aZoefroibaussstaa Eawceooeni s
1929, and sevE&phpugRaosesvaeers, 01f9 33. i fnwecrd awidfi emrga
(KraepelingS. 1890kdbwmdnc e, 1961 (Pl s. 104A, C,
125¢C,; Roewer ,wrle3ndc.e ,42199;54:a 117, fig. 4C; Lawr e
i s absent iz tfhuer.cmabloea mdifen (1981) recorded an
Sol pugassa famddiisSteirrmct MPL tooth was observed
in the prebentO04Cuydy (P

Sol pugiesmacharacterized partly by the | arge

fixed finger (Roewer 1934: 420), between the

14



(Fig. 7C). A typical dentition pattermoxiamaloci
(FP) tooth, situated directly proximal to a m

someti mes situated on theS.baderPmwiftaontak ¢( PHEB 9 5 00

108F) . The FP tooth and its associ dateed i MYIMrt c
whereas the two distal primary teeth (FM and
another, more distally towards the apex of th

A small to significant subter minal flange

the fixedafdeagehe ddbstal endSowlfpudcermaucfl 6i@A, i
109B, D, E). This flange may resemble a tooth
Kraepelin, 1900, Lawrence, 1931: 133). Applic
suggests tdeatdders sndtl almel ong to the median ser
61) also excluded it from the regular set of

H° c k e r[ztachont h Soulsppulgeimma ( ICater &bckh, 1842).

SUMMARY DEMTI T1 ON

The appearance of wvariation caused by wear

Sshould not be misconstrued as intrinsic (inhe
in Solifugae, i ntrinsic variation iinndantitio
single individual is |l argely predictabl e wher

random. Various authors recognized that secon:
vary than primary teeth, but t hes peexctiéhretc.of va

present contribution is the first to formally

15
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ggested in the |iterat
and phyl ogenetic anal
femal psovsdeosutdnseer:
or even generic diagn

een identified in some



24; Tabl es 6, 8) pohewevatilvyyp ihdigooemad har act er s

especially in conjunction with characters con
patterns. Exheplad dFeM and MM) teeth which ar
primary teeth i n Helx30s)o;p oad ildadrey e(dRulles .p rloxd ma | (
tooth, often | arger than the pP&9 magyC,t e@2)t;h, i
tendency towards multidentate such as a great
presence of subterminal teeth on 7Bd)muaend t h
absence of secondary teeth in the main series
teeth in RhagdbDj daé, (4, 5pC

Taxspecific trends, often applicable to bo
(i) the mulditdemt predoommn nant in Mel anobl ossi.
interspecifically wuniform dentition and absen

the fiworndo appearance of the dentition of mal

tenden
second
modi fi
( MM) t
and mo
finger

I nt
the se
teeth

dent it

cys taoweurld i dent ate condition, including
ary teeth, in Erleimobbatcadiarae (w)thwoarfia
cation, situated parallel to each other
ooed hCemomiadae; and (vi) | arge, well devc¢
vable finger medial (MM) teet h, relativ
s, and a rpprceelsast grPalIPDdentnalHepxi sopodi dae.

raspeci fic var isatliidmgies morewvall emgty , i but
condary and fondal teeth. Del imiting sp
of singletons should be avoided. Il n the
i on patterns,d innucmbuedri nogf psleaccoenndeanrty atne et h

15



gradation of teeth within a category, may pr o

species to family | evel

The attempt to identify and define homol og
criteria, pofefsems edewnweral advantages. It wi ||
subjective coding of morphol ogical characters
facilitate more concise, accurate and compar a
supraspeci f(iici it)axpar;ovainddke | andmar ks for other h
homol ogy concerning, e.g., the male flagell um
character system in all aspects of solifuge s

15



MALE FLAGELLUM AND FLAGELLAR COMPLEX

MALELAGELLUM

The solifuge flagellum, situated on the fi
adult male (Kraepelin, 1901), is a highly mod
Hewi tt, 1919b; Roewer, 1934: 135; obamwmor &l , 19

primary fdmdsedclonmndary | dagfeilnaudn here as a modi

fl agel Ivd)rs asnedt ad o(r sal dfis agslplezt i vetl §, ( may be pr

have ts@xanfic shapes, incdubttiuvsgr memboprdas bo
chitinous filiform, -snoapddedThetfilfdgen,| amdwd £
various | evels of detail by Kraepelin (1908a)

(1934115535 and LaRoewer (QDISS) pBBsmmdted t he

detailed study of flagellar morphol ogy across
possible mechanisms of fl agellar operation th
function of the flagell umDesmat asaubknefwvnpehpbd

(Pocock,Belr8mebr;d,i t1&a6&6) | ong been known that the
adult males (e.g., Fabr i cPiowso,c k1, 7 8118,9 7S a vi6giny ,Kr
1899; Purceffrdensd®m3H9alMaor all6,1;1975) and this wa
dssections (Dufour, 1861) . Dunl op et al . (200 ¢
occurs in both subadult and adult males. The
Bl oswaisa reported by Hewitt (19129b: 10). Accord

is formed during the final ecdysis before bec

15



obs

che

erved that the appearance of a flagell um,

l i ceral shape tlo kteh ef iexleodn of ai t@Gegde alt eodbki adol t n

sttyoceorcocsurred in a single molt from subadul t

Gy |
but

(PI

Roe

fla
str
Me |
ref

199

HI STORIREAIERENCE TEAGEL LOUM

The term Aflagellumo is consistently wused

tinct structure presentdaien nbaalees i Andnacet,r eGahlie
i ppinae, Hexisopodidae, Mummuci i @iG,e 3ah)d, So
I's inconsistently applied when more than

.IiD30K). For exampl e, amootn gf IKseageslclhu m diase ,u sau ¢
ogniKaed ¢ifPli a 3 0A), and referred to as such
wer , 1934: 146; Gr &mesv , malnBBa8 )y ugRursed8pD) | n

her the dorsal or the vemtralaretredtteres o
ge(l Taubmoe 11) . I n Rhtalgeo dfi lddeeI¢IPd e S0FWo $fepa
uctures with | amell ae that overlap to form
anobl ossiilnae aMPlent3 6 @ dc Iswedtaeer i sf orhd ckinf ic ol
er r efdl atgoe(ldl suwficence, 1972: 98; Wharton, 1981
) or else Aflagellumd refers to an individ
hin the cluster (Puremelel,, 198®3a:867,. fRiog.wed
ntified a AFl agell umo wi tKhoimp |telxe omdlnanobl o
ophaginiCe ,( RlIh.e S68A ongly to weakly (dependi

up of setae at the apeel pfdeéesearhieb & d chagdeil i gean

15



( Roewe
(Kraep
1903a:
modi fi
numer o
of set
a flag
to ref
referr
Mu ma ,

adding
(Tabl e
1 or 2

The

r, 1934: 309; 1941: 115; Whart on, 1981:

(¢

I i n, 1908hb: 281, Birul a, 1913: 320) , 0
10) when setae obbarndley frhadieflil@ad. cOhme | &l
ed setae observed iiB9mMmahaesEbemobatktisdaeb
us ways. AThe flagell umd may refer to t
aeHgrenagwy, EN990: 26). 2RBaewalsi nheld908at
el lum proper i n soniel afgretldeubnaoirad g betwe nt
er to a single, distinct seta since the
ed to the eraepmocbaalt ipd ufmoasmes psidoteea p.shr i st | e
1951, 1970a; Brookhart and Muma, 1981,

descriptive terms such as dapical plum
12, Muma, 1951:nt6ilf)i.e dMushpae c(il1lf9i7c6 :i f3l)a g edl

0O hidden among associated setae.

inconsistent use of flagellum |l ed Sel d
|l agel l umo as:
. a complex of structures . .thenfsamd, t
ger bears a curious horn or projections
ae, which may be plumose or distally ex
o the movable finger. I n many genera th
per,alplryesamhi ghly modi fied seta) which i
ups of modified setae.

absence of an unambi g uocuosn fdoeufnidnsi ttihoen f
on as to whether it is a single, homolo
es, some with i ndiepghideati @enms gfimrs, dasdr |

15



coding morphol ogical characters for diagnoses

from the species | evel on up. An unambiguous
compormsemtuct ures, however, requires a framewor
homol ogy, both among its components and acros.

FLAGEL LANRTOMY

The only Hwitautdol oogi dele fl agell um, by Lamor a
four species ofcaSaollpsu giedxatee.ndliwviog al ong t he sha
identified (PlI. 41). fThgefilast hemgihgermpd dyimpdie a
canali)s connected proximally to the hemol ymph,
connection bet wehe nantdh ef | hadgrieal |dywrgmh aa tlroaugm tt ue i n a
base of thwad |l dgedbRmedsby (1914: 168, fig. 11

cross section by Roewer (1934: 154Thdig. 156;

second, refealrerdbitomemmcsomphrei ses the alembic car
shaft, which, at | east in Solpugidael emker mmi na
pouch. The pouch transitions into the canal r

which i s vi sei bcluet itchhned g ln Sohfreatstee f I agel |l um of

(PI s. 33K, L, 45A). The alembic canal i's |l ine
formed through Al ongitudinal i nvaginationo (L
appears to beonobebtwereno the alembic canal and

hemol ymph.

With the possikdares cehxackelp tfiloangedfl a compri sing

15



to contain an alembic canal and a hemol ymph ¢

appearing to peat at o wdhaspaps of dirt suggest.

exterior, the other opaque, often containing
visible in Ammotrechidae, Ceromi dae, Hexi sopo
Ammotreahdamisbesdirmmss sections of the fl agell a
species, the alembic canal i1is clearly visible
whereas the hemolymh canal i's compressed betw
flagellar cuticlleed awidt h sa ape@lalrewitdty, fvilscous
confirming the observations of Lamor al (1975)
shaft reveals a similar pattern (Pl . 41B).

Roewer (19358) t8portlkedgehibsarctihoesped,l but Lan

(1975) was the first to provide evidence for

the alembic canal at the tip of the fl agell um
ceromid were also found in the pY8&GBae)nti mdiudat e
t wo openings in the flagellum, one near the b

connected bAmac atusbMpmami 1971, currently in syr
Ammotrechel { Magoget st®h80a: &4 ndfaieg. Malma,ytarmnxd i1
1980 (Maury, 1980a: 64, fiAgmmotdrrecihel Whxqo & the®
examined in the present study, the external o
(Pl's. 32F, 33H, arrows) and a brosdinctkeanr al
visible. An opening could not be found at the
and the shaft mayencdomnge cptoutcch.a bl i nd

According to Lamoral (1975: 139) dA[e] xamin

15
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presentative s pee, eBadgioinddeCertbhamidsopodi dae,
| pugi dae and Mel anobl ossiinae] revealed tha
basal pouch, thus strongly suggesting that

ecies. o0 Lamor al @hed7 Py ovmldeddil sogescad onal a
|l ustrations of the flagellum of Sol pugi dae,
esi i dae Anemnxoctl rueddifnegli ib® saSgdn d a)e,silai pophagi nae &
| anobl ossiinae woulednba ccc ccnanmoad a-t eCknel nyf bkt ahgee | w hai
hiolpiemi ngs to the exterior, and no fluid oth
, €e€.9g., the narrow | umen of tHhes i imafmbiranous

DRoewer (1i193%8) 18buwsstercattieoadnsc of most fl agell
produced in Fig. 22), but none of his figur

Lamor al (1975: 139) hypothesized that the

I der mal cell s dur i ntgr epcpdeyds iisn tamed Kt aisea If | pua wc
uch) by invagination of the flagellar cutic
I n summary, an alembic canal, opening ext e
i nd ending pouch, I s -l prkoeb & belayg ep rheasCeernyto mi nd aael,
Xi sopodi dae, Sol pugi dafemmoatnrde,cdsloenieib sdsaesdi i d s,
ndaeslitee function of the alembic fluid is ur
ituated parallel to the al embtiite clamiap , i s al
agel | a. Only a hemolymph | umen is present i

(Ammotrechi dae,anviui mMPreuecd ii idcaademnoott hr eerdNlatehliabne s i a

an

an

8yndaesthe primary and second@anryBudsirageddsa o

Bsi moniaand t heKdid sagleddd G@d| eodi dae. The hemo
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| umen probably functions to change the shape

FLAGELLMORPHOLOGY TBREI NOLOGY

No attempt has been made t o wucnonipyonehnet st eorfmi

single flHgmbl ogoous components, and associat e
propoasdddomuctur al and positional similarity
flagellum, and comparisons witAmmapparcdart itsr an
goet)sichhriee types of flagella, i.e., setiform,
may be identified based on the extent or mann
flagellum is subdivided into rmcompaomgeeatdir antdi
(i .e., rotate) or shape by, e.g., hemol ymph p

SETI FORMGELLTWMe setiform flagellum is relati)\
retains a strong setiform character and affin
EremobakPlisdae3B) 884 Mel anobl ossiinae (Pls. 36¢

emerges and projects directly fflragrmlt ard ch all ikc

base to change its direction, and is unable t

SESSIELEAGELLUMEe sessile flagellum is clearly
(i .e., 1t is not setiform), but the modificat
invagination along the seta (Pls. 30, 31). Wi

Kar scthial so bears no obvious homologs to the g
bel ow), and an alembic canal appears to be ab

external opening. Most sessile flagella are n
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(7))

esdillaggel l um i ncludes the spoonshaped fl agell
primary and secondary flagell BacfrBuhragosu sl ae

anBusi monThae f i | i fDd rnro r(fiDaatgcerl H aax Kcafrae & h iea d

—+

entati veddy tcoo nbse dseelsesad dwes d | mgtel lappear to hav

nfurling longitudinally, rather than invagin

either. The sessile flagellum emerges and pr o

di stilnk,t exkeerpstc hiin i s abl e to change directio

(Roewer, 1934: 149), but apparently, based on
flagellum of some specimens (dl144) PP$.aBO&, t o
change i nEwdnwoma aind Rhagodi dae. ThkKaspchiadi ng

and the ventrall yDdnomlceeprobadélyl amsof abl e t
hemol ymph pressure based on remnants of hemol

ComposIFLRGELLA@ OmMposite flagellum comprises a
although some flagellar components may be sec
probabl y hablge tda recti on and/ or shape, most pl
pressure (SBr ens%;n,Roledwnledr:,111569/3,4 11a6n® BAal I, t1h9r 7e5e) .
sections (stalk, base, and shaft) occur in th
(Ammotr e dNRenli bgSginala)e,sithexi sopodi dae, and Sol pug

32IK, BRBAMNK Table 13).

The fl agell ar shaft, when present, i s mark
l aterally complrielses eidn anna@amptvs ipte fl agell a, wit!l
Ceromehé ashaft is wide and membranous (PI . 331
membrasbhast i s alAsnmopnr esdaTell dliswhe pshape appear:
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secondarily modified 1 n 4&C) ,ewt &Sloil e geerd ael dw. g
angular forms. The shaft of these taxa al most
al embi ct ceanladt,t er opening to the exterior at t

197Mdaur vy, 1980aThé4f usign d4dfi the flagellum to

fixed finger in Gylippinae (Pl . 32H, 33J) res
flagem to the fixed finger, between its emerg
curves dorsally, in Sol pugidae (e.g., PI . 32G
hypot hesized to comprise a modified shaft, wi

Théel agbddms an enl arged sechadfotrerfgreecm whi cls
swoll en and bul bous in Solpugidae (Pl . 40D),
and -shhpped in Hexisopodidae (PINaniObF)Plaand t wo

40E) Saymdd a.e Ammmot r edPélsi.s 32F, 33H, 40G), the ba

and bdwlped, resembling the flagellum of ammot
daesi i dsiQ,PIBB)A 24N, to an extent, mummuciids
membr anousr bleewdskped fl agell a of these taxa are

homol ogousbawoet ht hbdef Aangnelt r emheéf i ax a -Iwiikkeh whi p

flagella, a hypothesis first proposed by Hewi

shaft is therefbeeabgpothesi Amthotpbechi dae, Da
Nami b,e&Sgyinalaasfmmotr e)chaeend sMummuciii dae (Pl s. 3:

A short flagellar stalk connects the fl age!
40C, F). The stalk varies from relatively dis
Nami bestt@a short and barely identi fiiadbde ,anred g. ,
Daesiidae with membranous fAnmngoetirleaBh ¢/lonirash d e d a
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t

t

t

h

h

h

s h

t

h

uvi & . Koch 1842, t he membranous stalk was f

nner that a hairpin shape, theaikotngt,ory ax
cording to Lawrence (1928: 267, pl ate XXI 11
ansparent base (Pl . 406G, H, ' ). The Ahairpi
e flagellum because it is | ocatedfathehe tr
agellum, c¢cf. the fAstalko of a dorsally rota

agellum in the rest position (BPllassi®d ., The
0ssi dL avwrseerac e(, P11.9 35495 F) , preedsuenahlisee & paufis et h e

agell um ofL &wl emde dakr93P3l:. 736LE)f.i gl.hed)si mi |l ar

perficial, howevdra,geddaaucsmnedmlit h ntdfeerred t
alk (Purcell, 1903a: 5; WhartosectiD8d: oR8)Nh
esiid flagellum, represent the base of the
Gal eodi dae, comprising peduncle and scapus
e flagellum of Daesiidae i shidmpitk eh of nhoal goegl ol uas
e term fAistemd is therefore preferred for su
The coll ar at the base of the flagellum of
e base of the composite flagellum,thntdhehe
aft of the composite flagellum (Pl . 30G, H)
ere is no indication of a stalk in the flag

setal morphology, without any indecatbbabb® |

wi thout an alembic canal

MANNER FRRGELLAMRACHMERNhe point of flagell ar att

(dorsal) fingerliilse damsdi mectadtyalsloe kien Cer omi da¢

16



Ammotr edNRenli bg saSydn da)e,si @Galdaeed and Hexi sopodi da
soc#etke amdadt amtoambl e i n thikarfddmiBaoomomrathddag @kl a o
setiform flagella of Eremobatidae and Mel anob

attachment is obscured in Solpsgi daeGyPI ppadB

flagellum is i mmovably inserted parallel to t
karscBardeasmsBissi monlTitae fl agell a of Ammotrechid
Mummuci i dae (Pl . -rdoQla)t asrle adlmsdot dntedma oluendl t o oV e
sclerotized inner margin of the socket. The i
more strongly sclerotized, especially in Ammo
Hexi sopodi dae, Mdamsichiadae, and

The stal k oift & hfel acgeriplosm i s i nserted perper
and connects perpendicular to the flagellar b
situated parallel to the fixed finger on the
The stal kb ithef wsheed itcera i n Sol pugidae and its
| ongitudinal axis of the chelicera is facilit
dorsal surface thereof (PI. 24B). A stalk is

Mel anobl ogsahidnamesBarsy@msss ir lu®s @@e rEhuasxi moni a

Gal eodi dae and Rhagodidae) flagella, and para
fixed finger is accomplished by or Dginhmathiaxg f
Eusi mon(iRl,. E3QDor originating from (e.g., Gal
Eremobati dae, Mel anobl ossiinae) a depression,
socket, the alveolus (e.g., Galeodidae, Rhago
grooveE(emgbati dae) (Pl . 38), or a shallow de,
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depressi

As fi
modi fied
di stinct
modi fied
retained
across t

homol ogy

on (e.g., Meilllgnobl ossiinae) (Pl . 366G

ORI GI N OFLAGELLUM

rst proposed by Bernard (1896), the f
seta HeMidensen 914 Roewer, 1934: 13
setal character is evident in some t
flagella, e.g., in Daesiidae, the pr
. Whatdhiemglteneori gisn for the flagell um,
he order, or multiple origins, remain

are complicated by i1ts great diver si

associ atiefdf emigrmht dr epr oductid4ve pressures (Tabl e

LIl TERATKRREAepel in (1908a) and Roewer (1934) e

origins

sout hern

of the male flagellum, whereas Hewitt

African taxa. Hewatgi ¢ i1l®9d9bi))sarigaoaetdh:

homol ogous across taxa, an idea first put for
here (PI 43). Hypotheses of setal modificati
invagination of the seta, or fusion of two se

Kreepel in (1908a: 220) proposed at | east two

the two

basic structures (or setae) that comp

which was interpreted as tShtedimodt o pirieni titwviee

uni t of

Largely

t he r hagSocdiudg pfdl ldagked.,|,cu m)hearnveent r al uni t

b assheadp @ont hehsee t wo structures, Kraepel.|
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transformation series for )t.heAcfcloagdelInlgu m oo fKrSoe
(1908a), thsgtdbrsahomoli bgbéus to the rodlike f
42B), and th&chvveppealt uvemihugdkl i ke fl agell um of
According to Kraepelin (rle9sOe8nat) ,i nb oSohl psutgriudcateu r(
fused into a single struct8cklekuppapos@&talbdfa O
| i nor(lPdx 421 ) and Hexi sbphdpgdgaee@dBkced42Grpavi
the fil &Smabbtooruns t he fotAhpgahiBemu@ape represented
the flagell ar compaluesxi noHfR I Kaa rd2ioEd) | ubpyper me mbr an
structurePl abeabtnbdd tahse ventral structure gener a
fl agel | ukr sagntelil a n4 2 F)orhry ftl haeg efl il luimf and modi fi e
asS2bel borbteins difficult to hypothesize wheth

42KGy |l i ppidae, and Mel anobl ossi iSteeshS¢RPUppd2J)

The | amellifldppdh @gleil @®ins (42L) is situated t
of the fixed finger, butliikse ceoxn reencstieodh tthor a uhgeh
attachmennorpmalngm I(Meeofi Knaepellia, 1908a: 22:
thus | inkingerStéaob8chgppet otbethl agell ar compo

fl agelMednm noofb | cas ssihaort robust seta within a cl
setae, and Eremobatidae, obscured in a deep |
modi fied setae oer ei3thaebSchiugegenpnoanyenbt s, si tuat
within a cluster of coarselimodbiogpdpbagaerace]
appears to be absent but coarse modified seta
however, that it woulreflre mor ¢ heonmrreeectr sal of

origbmnmnabSchuppel agel |l ar components, rat her tha

16



flagellum in any given taxon.

Roewer (1193%4%6:, 1F3I56s). plra2isposed mul ti ple origi

based on an el aborate interpretation of trans
framework of other morphol ogical <characters (
tarsusbér, omfum eg |V tarsal segments), and wit|
Worl d taxa. I n many parts of the discussion,

bet ween fl agella of different taxa without ac
summaroyl | ows (for i1l lustraitliSelns fd®wges). Rd®@wWweng 19
New World taxa, similar positions of setae 1in

a transition from a brush of setae at t he bas

doabk setae, eventwually resulting in two enlar
setae situated close together and parallel on
and the margins curl slightly inwards to form
Mummuci i dae.

Roewer (1934: 138) proposed various pathwa
slightly modified setae of Lipophaginae gave
Mel anobl ossiinae. The two flagella ofnsRhagodi
Firstly, based on the interpretGytliipmpusf an ap
(Anopl ogpleirpgpaunBeinrsuilsa, G18 93 c(k@gwlrisppi nae), the t
rhagodid flagell a gaveG.(Aiflseer g oon & fideil € woe pamt U &l
fused into the single flagellum of other Gyl
are homol ogous t oEushiem@ Kwor sfd haigied d ea) .o f

Roewer (1934) pointed out wvarious similari
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di fferenRorf leaxgeerhgdlae, the fl agel Dumomhax associ ¢

similar to the flagella of Rhagodidae and add
setae covering the base of the flagellum of C
Mel anobl os diaisreae.f Tte |l agell um of Ceromidae

swel | ibrag.,al ¢Zmedodn Roewer , 1934) Kaats ¢thhaeg eb d suem. o |

The field of short setae dorsal to the attach
resembl es atthda heethbamesse of the flagellum of Cero
scapus of the flagellum of Galeodidae bears s
flagell um of some Ceromidae. Alternatively, t|

derived fDaemsitihadaeofwhich also possesses a na
Sol pugi dae is the most derived, related to th
the | atter based on similarity in the flagel/l
Hewitt (1919b: 10), fbcusangtarhy bgwppsesoheh
origin of the flagellum, based on its putatiyv
argued, would imply that a rotatable flagellu
of Sol pugi dae. Howidt t hel@po9bmidesvenoi fl agel |l um
membr ane with Amore or |l ess infolded edges, 0
Ceromi dae and Hexisopodidae by further infold
to form a flatteneadl sbhaliypotHeeasitzed 1O91L®D )t he |
flagell um of Sol pugi dae-liiskeh cdoBabsbespghbamess iwid ahe )t.h
SINGLEMORTI FORE GI NS OFLATGER LTMe evi dence support.i
vs. multiple originsummatheetabel bivagehéumoti s

be modified appears to be particularly strong
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chelicera as iIis especially evident in the wid
fl agelKlauns ¢afil aiC3 0O Arhiight i ndicate that any of t
precursor to the flagellum, an argument for m
setal modification is also consistent with a
explain how tthaegeilvarsiftoy m mould be derived f
possibility already suggested by Kraepelin (1
Positional homol ogy of the attachment poin:
the fixamomgntg@axa may amppletarplte® cmuipgioms of t he
the distally situated flagellum of Gyl ippinae
flagell um of Hexisopodidae (Pl . 32C). However

|l i kely to affect not only where on tthhee prol at

flagellum is attached, but also how the teeth
finger. When homol ogous teeth were used as | a
the flagellum (Pl . 44), flagell aewhipbsappens
the prolateral surface of the chelicera, were
| andmark tooth (Pl . 44). For example, the fl a
Nami béPhaasiidae) provide exampl eg emft fploasgedliloan
on the chelicera: dor sodNamiald,e samadS ovlepnu gioda e,X i
the finger in Hexisopodidae. However, the poi

approxi mately failxagdefdi wgerm medi all la(xfaM)aateo dt h

presumably shifted in association with change
example illustrates that apparent differences
chelicerae do not necessarily contmhadict the
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hypothesis that the flagell aNami Blegeaopodi dae
homol ogous iIs further supported by their stru
I f a homologous seta gives rise to the fl a

hypoth

(¢}
(7]

I's of a dgihfeghgebl agi at trhaeyh sbeeh te xppoeicntte d
to retain the same position relative to unmod
flagellum was derived. This does not appear t
Hewitt (1919b: 9)jnpgotbethgpbyhseasappoof multip
flagell um. On the other hand, this variation
setae in the series from which the fl agellum
for which the fhabkVy!l benm mayumedsoo be homol og
Sol pugidae. For example, the point of flagel/
t he apical most pwldoseh@arciead( IPdli.s t4a5A)(, t he most
position in Sol9d®d¢i:ddd,( Hewi.tt1bC), bupvdemote
set dpiamba qPilatiehadd)t.t (1919b: 9) mentioned si
concerning differences in the relative positi
Daesiidae, but imaotnead triedtattipopese@itdre whe rewaofe
wi t hibBnl otshspieaci es di scussed. I n the present stu
attachment in taxa with broad,, membleranocasi dll a

shaped fl agell a,ofomam®aesEihtdadree d es gme

Mummuci i dae (Pl s. 136A, E, |, 146Ay 6 ebEr,i e, )
than in taxa with a stem or bBlIsadadnyda t apering
Hemi bl 0RIs.i al 39 C, G, | ) ,atgwgedamsetnitn o oa ng hiifntf [iure
shape of the flagellum. Apparent differences
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rel ati wadinggveleeae are therefore unreliable in

homol ogy.

FLAGELLPRECURSOSB®rensen (bbsérveéd7)hat alll mo d
spiniform setae situated dorsal to the fl agel
and spifngfeemaé¢;plarmosregn whereas all those sit

the |l ongsetlt 8&atmagel |l ar compl ex fg)lpuno sse slest.ae, o
30A, 31A), orf dypesttaa/le, ien gSol ptuhgei dae (Pl s. 458B;
fig), ldOone ipl SMosasent fu®Lldgnctbdetll abayi nat ed
from thetdipswualomes seta or, in the case of Rha
plumeséebdewitt (1919b) agree,d lwaded SBm eansethudy
devel opmen:t ad -mHAlfalgesl i stage juvenile, a subac
mal e Sol pugi daepodshessedeai$single row of pl ume
di st agdl mmoanse, slightly | onger seta, whereas tF
simple bristles of which one is markedly stou
the featherthei sdilséad ee@ear of the plumose ser.i
1bA, B). Hewitt (1919b) concluded that the ap

provent rpMdodw)s tiasl ,t he precursor to the flagel!/l

—+

o it fadasdtahre bfini ¢ hlee pd esent study, a similar e
i n a subavkeulats omhgluegPd .p i4c6tCd , consi stent with He
observation that this seta is the precursor o
46C), hasdubbmodi fied seta is referrdufjs oTher e
vfcsan thus be defined as the apipgwyd mesti eset a i

usually also the apicalmost in the setose are

17



on whichphohbdndvsé@dei es convergevf(isdsl .hylpd,t heh) .z e
be the precursor of the primary (ventral) fl a
of the flagellum relative to adj amadnttws a@athaee (
and belonging to pd)e sperradecsr sbaals eddi sothali t(s posit
fl agel Idd)rs swehiachl i s hypothesized to be the pre
fl agelBlaum ucsfs 8 8§ mamida,t he rhagodids. This differ
(19b4pothesis according twfisshitchhe tphree csuertsao rv eonf
ventral fBargred &sugm mdndat he rhagodi ds.

A broad survey of setation percfemalepsebehn
all families, was undertaken during the prese
and structure of the flagellar setafasrblBe th
apicapmgseta was observedi bosbewherl ahevebhyi obs
series of set apevahngdmeacii &Isl)y tahme wel |l di fferen
HemerotrectMamarad®hbil (Pl . 12), but not when a
relatively homoEgemeoauhsa, X Bg.oge.k,hirnt and Muma, 19
72G) .vflisne Sol pugigpaemase (€h. 47C). I n additio
rel ati wdashpdd dteae, adfiis gpljememdatreckl®l br drRdhi
i s pronounced in | engtih, isshapseu aandy, tohfet dno,n ggeis
i s usually gently recurved ventprdagleltyaeand ti si sm
therefore usually readily identifiable except
modi fied setawhitdokr il ®ongfetséenogi tuated dorsal ot
shorter of the two, whiodhisnoaftiewdspbei edenes

among some species of Daesiidae (Pl . 47D). Th

17



di scussion ofr phomal ygy,| awleil ¢ fas @diret aidesittia yt loe
dfiss al so somewhat ambiguous when the apical s

The position of the fl agel lparnvatntaah mantstm
(pvd setnaeCeromi dae andeGaltevei d@aet hanthypot hesi
di spdf slet ae in Daesiidae may at first appear
flagellum is derived fr pomstehhe espi ddalempoti ng e tod
appears to be spddapgvedde wiigdhiinnt@Gal eodi dae (Pl
wher eafsl dad dheel |iag dDiatsieat ed di stal to, i .e., not

obscured by sewardlaemddihfei édd agel |l ar fcdgpgmphex p

Ceromidae (Pl . 32A,toB)a, remgdilprrdxyi mgaced row o
pddetae in Daesiidae (Pl . 34C). However, stru:i
shifts in position, and these examples could
fl agel |l um rpeddapVisieet ateo, tohre vi ce versa, all owi ng

attachment to remain next to the margin of th
examined during the present study, the male f
next to the masregianr eoaf otfh et haes eftiox ed (dorsal ) fi
prodorsal distabrmphevani{paldmdi st al wmargan ¢ p
pvanpdgddet ae were often found to be situated s
chelicera whem whe pPplraegeht . For example, in G
one or two distinct plumose setae, situated p
and referred to here as tthhge ddtag(ed)l a(rPlcso.mpd ek,
appears t of |llogealtleu mphvesl & rhii ens ,t hen t he basis of w

derivedei fthimen second f(gipforontltyi roche(i f twpyddi st a

17



series. This hypothesi s, unrealistically, i mp |
di Brent setae in Galeodidae. It is more parsi
of the flagellum @pfvedgal ecsdiads awicomisequleeace of
fl agell um andpwusheer ireess tr eolfattihvee t o onemagt ber . S
postul ated for the setae at the base of the f
Accordingly, observations of fl| agdhpgdddsituate

setae do not falsify the hypothesis of primar

HoMOL o/G OF FIHAGELL UM

A single origin for the primary (ventral)
(see Pl . 43 for summary). The hypothesis of p
(1952) ctroptoegriaap hoifcal and sitnuet medi amemdf bamst
builds upon the earlier hypotheses of flagel/l
(1919bRoewed (11938%8) augmented by an examinatio
representing the diversity of flagellar morph

ComposiAFLRGELAT he modidsfi etdhe Nethasalpuga picta

indi cat esfisshathet per ecursor of the primary fl ag

Structural similarity among the flagella of S
t he daMWami bansdganda,e sii.ae . , composite flagella c
and shaft, with the | atter bei ng-lprkeed o nsiungagretsit

that these flagell a i&re GhiOomBIAGheumeMBlranoB828A

flagell pmiobeGybkipeci fically the short shaft f
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appears structurally similar to the part of t
to the fixed finger, suggesting that the fl ag
(Ps. 32F, 43F).

Mal es of tAmnemodareescihped s ssess a unique flagel/l
which appears to represent a structluirkael |y i nt
flagella of the taxa discussed above (Ceromid

Sol pugi dae, anMamihlea sifhgersd d)edssi,aand t he me-mbr anou

shaped fl agella of, e.g., Ammotrechidae (Pl s.
Ammotrecbomprsses two distinct components. An
shafts odikleefwhigpll a, including the presence
which also appear to be similar. The base 1is

resembling the membranous flagella of Ammotre

t he membranofusmddtaglede @i iod aNea n{iib.aen.B, @ nedxagelsu dai n g
and Mummucii di®de GPI 8, 3356, Il ). Based on these

flagell aArmmoa gseichfelt her ef ore hypothesized to be

bowl h-uskr eesbdsapeld membranous flagella of Ammot
Daesiidae, and Mummuciidae, while the shaft i
shaft of Ceromidae, Gylippinae, Hexi sopodi dae

Nami basBgandaesTlme hypothesis that the -Isihkaef t i s

flagella is supported by new evidence of a po
Ammotreahgymdaesii.ae., the retrol ateral granul a
movable fi(0Qy#&) medit &l (cf. Pl . 1348B, D and fig

probabl e homonmnoogtyr eocfh atgheels| um and t he membranou
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most Daesiidae is further -sshugppeod tterda nbsyi ttihoen sof
stal k inttart hbeasfel agqelt hieyse AmMnma reRhagé8 Gum
therefore supports the homol ody kef ftl e ed d uem v
me mbr anous hbyoswklr wédspeldef | agel | a.

SESSI LRI MARY SENNIONDAFY AGELTMAM e ssielse fl agell um of t
kar sckhairisdc,hi &« hypothesized to be homol ogous wi
based on its filiform structure and the swell
resembles the Hake o6ff aglee | mhi pas( 5UJ4esitredhiby
compar iksaorns eoiida Cer omi dae (Pl . 43J). The positi
Karsckrilat i pested atthe which are greatly modified
compl ex plopmoestead, further supp@ritcalpmodstder i vze
seta, wfe.Thet idKagelamidamwmforsthaax e structural si mi
i mplying homology, e.g., both are |l ong and fi
l ongitudinally as indicated bfyl agé |&Kmawns tcanfd ian al
and a |l ongitudinal suDcosrbhBhbkegftHKges@hmebf um
shares positional and structuraBarsiuydsduwmg i ti es
Eusi monGal eodi dae, and Rhaiggdndael aiiee,ta 6he
di spat and probabl eppdogetr asau aidmasnppaalo b@b !l y i n
Barrussaunsd in Rhagodi dae, and a deep socket ( a
the socketEuwmairmgo mgalacsadd dBbBHagilae (Pl s. 308B, D,
K, L, arrows).

Positional similarities are also evident b

and ventr ®i negtPde &BfOE, 43N) and the flagell ar
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(PI s. 38, 39, 46AdWatededibbgkl Yyumni sheifixed
relatively narrow asetose area, and the assoc
dorsoproxi mal and ventroproxi mal to the fl age
evidence thereforesisspphat tBenhl @segdlolmom oggfous
wi th t he Kfalrsgadnlidlaacroefmobati dae and, by extensio

other taxa with which these are homol ogous.

Two groups of Solifugae, 1 .e., BRhragiosdsiudae
anBusi monpassess two distinct flagella, the Ve
referred to, respectively, as the primary and

third kar sRdarimpgpgeensly possesseswarsi agBd4: fl

305, fig. 227A), the structure of which indic
of the other three taxa. The flagella of both
particularly in Rhagodidae, and eplolsumiofn mds ta
BarruamBissi mpaesambl e that of Rhagodidae in str

30b, F, 318B, D). The attachment poibBarsr wsfs ushe
anBusi maneaclearly aligned withof atmldepsviad waafed
setae, suggesting t éagn d earred otplear d frmrme tthemo | o ¢
whitlp ke flagella of Ceromidae, Gylippinae, He x
daesiNiadns basBwyndaesdmd hence the -melmbgskknous bo\
vesischlagped fl agella of Ammotrechidae, most Dae
secondary flagellum, situated directly dorsal
deri ved diffsoamnd heher ef ore al so asBsaurnreuds stuos ,be h

Eusi mamida Rhagodi dae based on tBermbasiemi loar po

17



structural similarity between this genus and
karschiid gener a.

The flagellum of Galeodidae (Pls. 30G, 31E
situated thahnh obhédefr|l sgélifage taxa, but the pr
pl umose setatogptsuigigeshasea (dor sppseexi mal shift
(described under Flagellar Precursors), imply
deri ved vifrsoamnd htthus homol ogous to the primary
BarruamBilssi mondsa wel |l -laket merdwhmepgnhr aiucsks b o wl
vesischlagped fl agella of the other taxa previous

An al ter nat icvoen cheyrpnoitnhge stihse homol ogy of 't he
Barrugsss monGal eodi dae, Rhagodi dae, may be cor
curved, elevated socket margin of striking si
dor soproxi mal mar gi nr ionfartyh)e fdHaaagked th iudmfe otfh e ( p
secondary (dorsal) flagellum of Rhagodi dae, t
Eusi mondmd pBarbravsimsyd st he base of the flagell um
308B, D, F, H; 40J, K, L, aeafFroogwsj}.i hfalkthisobeat
i mply that the dorsal flagell umBafr Rdmdiesdi dae
Eusi monamd the fl agel Karsfah@alhoomdil bgge®o uasnd o t h.
flagellum, thus | eavi m@agtolde dwawentwi dlhofultagelfll wamg
in solifuges, whilBartrhuamsdiccss $s mbembhagehbamobbgou
secondary flagella. On the other hand, the so
may have fused, shidf arem@ tometdher so®ad kredi sn@ar gi n

position it occupies in the secondary (dorsal
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supported by the structur al similarity of the

attached in rhagegowdiuds drme tdeepalsocket of the

and pending evidence to the contrary, the f1l a
homol ogouKsartsof tichgge | | um and the priBaryugsentr re
Eusi mandaRhagodi daewi tihn tahcecomai n hypothesis in

present study.

SETI FORMGELOAM e setiform flagella of Eremobat
Mel anobl ossiinae (Pl . 36G, 1) are more challe
flagell a. Howenvearnd tthhee ffllaaggeellll ar groove i n wh
positionally homologous in Eremobatidae and M
Eremobatidae (e. g., Brookhart and Muma, 181:
Botdmajill o, 2103,4:153)25ar & ilgsst.h demarcated by !
towards the distal end of the fixed (dorsal)
relative to the groove, is also similar 1in th
positient o scamvergent evolution, the flagell ul
groove which protects it, should not be disre
suggest that the eremobatid and mummuciid fl a
eremobatlidmfilsagelpri mary flagellum. Further st

in position of the flagel lpudld maeldatpirvove etnad rtathe d
(pv)d setae, and relative to a smal/l setose ar e
Dionr h.a x

The setiform character of the flagellum i s

derived in Eremobatidae and Mel anobl ossiinae.
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Mel anobl ossiinae is greatly modifipdglesmibscuri
Furthermore, the most differ ermtfigatperde ssuemead itno
the flagawkremcedga fers structurally and positi
di fferentiated seta, prMsluaradblt ashdieaht hea ft luage
appears to be vedstiwgieal leTghapsr eisse nfturitnher conf ou
Ssimultaneous presence of both setae in the fI
oMel anobl oCsosnisseequently, it is impossibme to un

of Mel anobl 3&di)i.nae ( Pl

FLAGELLUME@PTRECHA HuHKBnaripel in (1908a) hypot he:
flagellum of Solpugidae comprises two setae f

di fferentiat @l sodt a&,hei .sdMbgasdoul gRogpaaée €, 1934,
regarded here as the precursor of the flagell

(1908a) hypothesis for the Solpugidae fl agel/l

only example of a flagellum whiaobedoskttapoten
descri Xedot oec ha( khruaeebpneelriin, 1899) . Maury (198z:
described and illustrated a plumose seta aris

X. huebmaedi extending almost to its tip. This

t hpvselet ae, although it appears to possess a br
configuration in which a seta perforates the

mi ghthebertecursor for a combined, transitional
Ammotr echleneda sxXal duetsnerhiowever, known from onl
speci men and the possibility that its flagel/l
The most parpotmoeasiousr dimains a single setal or
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flagellum, as discussed above.
SETATRANSFORMAHYPRTHESESThe structure of the fl a
hypot heses for the transformation from seta t

(1975)ghcatobkbudies indicated that the al embi

Sol pugidae is |ined by epicuticle (Pls. 326G,
by I ongitudinal Il nvagination of the seta. Thi
ceromi ds 3QRI| 8EB,, 4hleBxi sopodids (Pl . 32C, D), an

Nami béPl a 383hdaedbased on external and inter:
flagell ar shaft, e.g., indications of <canal s,
32H)priosbably a remnant of the composite fl agel
without the base, stalk and possibly the alem
pat hways by means of which -t hb-usmembesaapede us
f 1l agoefl laammotrechids, most daesiids, and mummuc
formed. (i) Roewer (1934: 138) suggested the
by simple flattening and broadening of the se
flagell a magrhts eéhcaovredar i ly deriv-edkérbmagbakl ahi
unfolding of the base, |l oss of the shaft and,

i s suggested byAmmod rfelcBdedlilB2F)of which is inte

bet weenwiihfke and membranous fl agella and may
to create the elongated shaft, and subsequent
base.

Roewer (1934; 148§, 156; reprydhuycpdt hesiez ad

that theoKhagehmhligimnated as a seta that broade

18



along its |l ength, resulting in a double membr

to the | umen bet welesn stulceh , mda mbi adrriseaaipéylal um o f

represent @optrlkRevuvalsembi c canal observed in thi
formed in a different manner, . e. by the se:
l ongi tudi nal i nvagination as proposed for Sol
hemol ymph wastbbstlagdrbdqtilaf 30A), it was i mp
verify whether hemolymph is restricted to its

composite flagella of C@y, méGylaiepiPna&ae @BRIAs. B3:
Hexi sopodi dae @BIPps. SP2ugbdadM) Pl and 3R2IiGe @8 &s
geneNMami béPl a. 32ESyBa8&pssamalre a similar basic
comprising a stalk, base, and shaft, suggest:
Karsd¢tPida8. 29At h20ARAY oma&y be intermediate betwee
flagell a, -lii.kee ,f ltéhggelwlha,p and the sessile fl age
The flagella of Karschiidae (Pls. 30A, D,
Rhagodi dae (Pl sDi n3c0r(HPd 1 D30 Bajpcdh3elaG t o have al't
without | ongitudKarad amida aggracabta bolny, biyn | ongi t uc
infolding; iIin Galeodidae by simple compressio
di fficult to expl ainthehei mtlarmoasli tsyurrfessda iaft etdf
Bar yBuasr r uEses mandaRhagodi dae by, e.g., broaden
The flagella of Eremobatidae (Pl sl) 38re39)
probably secondarily setliyf osrunp.p olrhtiesd hbyyp otthhee sait
position of the prolateral setae which form t

families, and especially the mel anobl ossiines
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Ot her modi fied setae of solifuge males are
prodorseghbdddd 6eri es and theflsveataal EXdmpgleés airnc!
Subspipdfier me oHe nseornoet (ree.cch.a, Pl . 37D) and the
subspiniform @& sepiapi Dbbr @e¢ omi dae, Gal eodi dae
KarschContares&My etneends (1914: 1T7Thpedsdaeat ae athayss
al so be pl Dmomoe(lPdxs 3iONE) , although this is wunc

necessarily restricteddtoettdre. proventral di st

FLAGEL LOORMP L E X

The nialaegel |l um i s often associated with wvar
setiform setae. These include the flagellar c
fogs i .e., the one to four spiniform setae sit
Ceromi dae C)RI Ga92®,di dae (Pl . 63A, D), Kar schi
Gyl ippidae (Pl . 86A), and theopl agellluadri ngo mple
of variously modified setae situ&Xtagd ¢drdrasal a
51A), thewoonpel uommose setae situated proxi movent
of Gal eodidae (Pl . 63Ash@dppevidsden det meranigend pinp
the base of the flagellum of Ceromidae. This
t hfel aga@ar complex of a male solifuge.

The spiniform ftgpgs sebapi off€emoMmi dae, Gal eo
and Karschiidae are invariably situated dor sa

their origin, their | omdatitdre rmeloatoirsealt aditsh e l
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of the fixed finger asetose area pdeedeaset  Ptlsa
30/, G, H, 32B, fHssgt a®naeppeafotio originate pr
flagell um next to thea mamr gganl eodditdhse (aFslest.o s4eC,a
relative positions ofCerlo¢gnBe. s828B¢ . alfbespmbsl ar
robbésset aylofgpus 32H) are, ifncssetm@endégmai | ar t
suggest i nfgcsdeh aate toHeeCe iGamieddai dae, and Gyl ippin
homol ogous. Thed gsusbestpanen sdfftPrd m @ O0A) are situate
dorsoproximal to the flagell um, resembffsi ng th
relative to the wBaAtt hbubt bssegthakel aarr es entoar ¢( dor s a
situaEedi mmRI a 3 0DKartsh¢ail aa n30A), these setae a
homol ogous given the frequency with which str
putatively close phylogenetic relationship be
The flagell ar ¢ @mpsleetxa ep,| uanso sdee f(mondei df iheedr e , i
plumose setae kpebengesg Tbet hé Kagaellc michauamp!l e x
hi ghly modetf a eSd® it ehleb o rKgtaeemp edfi n Y wWi0OBha:b&ec2@&me
increasingly modi fiAed ognivettabley 08OBRapddpende
smooth or plumose, inserted at thieC)basme of th

constitute a synapomor phlyorfgous Thea opmi edlsaeen d ee xafl

(usually) ,orpltuwmo,s es tsoeuttae situated diafecttHe pr
fl agdfldipmmPl . 30G, H; Birul a, 1936a: 48, fig.,
178, fig. 4) is a potential synapomophy for G

connect eplvdoow,t tehese setae appear to be homol o

subdimsuwshdt ae (t hepvdsiesttaalimo ssthe fl agell um itself
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The fl agell ar complex of Eremobati dae, Lip

referred toehedferans fi mg@ef)c adi fcfoenps exurfdament a

flagell ar obmetexasapfwhich comprise a distin
we |l | di fferentiated, modified setiform and sp
slightly to markedly modified setae, all of w

setiform.

Thepe A setiform f |Isafpoefl |earre ntoobnaptidetis (( Pl s . 3
consists ptldmobdefi Pdovewnd rsalt adei sntaayl o(r may not
modi fied to fsdrnBipmiritarolfy,t hae fl agel |l um may be
al ways setpfesennwhamd partly or ffuslflscetalscur e
The flagellum may be assockEkErmémdbaiteodh wae akd lyl d
definded (Ee.egno,c)hmidinggel | ar g5 bmmavye .beThae type A
het er ogenebkoruesmo(beRtge.3,8 A) or homBgemeohax (oghui
Pl .37C) cluster of setae (table 13).

A flagellum ity paebd®Berstetiid otrme fslifleogel | ar comp
Li pophaginigFe ,( RaAlnnd 3@ A setae in the fl agell ar
modi pveddt ae, as obdermpwed,agsa.pd.wosidnwo types of
pvset aRrdelnl ophagaPhnigdbBiThae extent of differer
fl agell arTrcioanpd texma nmiwhhiacen sceonmpr i ses sl ightly
slighelyomaeddnd probplisgetadles,o0s o0 mi nor that it
barely be considered a flagellar compl ex.

Theype C setiform fslfloge IMedra ncodompolsédx)i(nase (P

uni que in various ways. Firmged,i sed aceommadc th e«
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formi ngdeaf iwvieeld unit. The setae are more distal
arr andgved ainrm btl loasrs aiem en cegna whi ch the arrangemer

curved. The dorsal most seta NMedntolbe afelda genlolrar

i hbawrenceSgacondly, the setae forming the fl age
broad, shallow depression, referred to here a
flagell ar groove which accommodates the fl age
setabdeof lagell ar complex, including the fl age
pveeries. A setiform flagellum seems to be pr ¢
remains uncertain: two modified setae have be
aut horpsr,obbaubtl' y only one of these is homol ogous
361 ) .

The setiform flagellar complexes of Eremob

B) and Melanobl ossiinae (typec@)ydthgstehahe f
interpretation proposed here, s$sfHheofype B seti
Li pophaginae,pvdlertiawved ifsr hromol ogous to the ven

sf,c characteristic «&Efr eemmodbmdvdesitd dsivesdalpsvamder i

setae. The flagellar complex of Lipopfchgi nae
Mel anobl ossiinae, also hyposiditease zelut odibfef e@res
the arrangement and structure orfds@dinwi dual s

example of an es fewacssh atoiudn dt tpoe bAe empvsletedeg. comp

18



ABSENCE OHFLARBELLUM

The absence of a definition for flagellum

regarding whether a fnadgeelslodm fiusg epsr.e sFeorrt eixm nmg

has been reported to be present in all known
species (Hewitt, 1919hb) , or in all except Ere
al ., 2004, Bayram et34alo.f, t2h0elilr) .molrnp hcohl aorgaicctael r
Pepato et al. (2010) coCGCranivwhieeaf | a§6R| utmhpr &8

species of which do atdefoismed shar d,] aggred | arbms e r

Eremobatiens which a flagellum is present.
Mo s tt hoef confusion concerns Eremobatidae. Th
that eremobatids are unique among Solifugae i

but not Kraepelin, 1908a: 223,; Punzo, 1998a;

fl agel | udgn brye pal ascueit of modified setae, i .e., &
2009). Rocha (2002: 441) stated that A(t)he m
present in Eremobatidae, the only family with
of moedd fbristles. o Statements such as these an
families bar oned are misleading. Firstly, a

definition noafy ab ef |pargeesiElmémo e(aRdes. i3, o3 9 MmMbsent
e..g Eremoc(olkst.a 371C) ,396 the family. Secondl vy, f
complex is formed by relatively wundifferentia
Eremobati Eaemoeogt(aMumat,ali,lfs5.1)37C, 391 ), as 1in

Li pophagi hraiegh et gmg MPlcha&6bArni Previous refere
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compl e

eremob

modi f

( Roewe
eremob
compl e
Li poph

Mel ano

agpart
By
flage
di ffe
apply
whi ch
I n
and s
whi ch
absen
( Mel a
(Kar s
wer e
Roewe

upon

n

c

S

r

X, 0 instead of dAflagellumd are more des

atids. Ho welvaegre | Itahteo audsrep lodfooit he f 1l agel |
ed setae associated with it 1 n Ceromida
r, 1934: 1414, 1941: 117, 127; Pieper, 1¢

atid flagellar compl ex fgetmalt hfelsaeg eltlhaermr
X was introduced here to refer to the c
aginae, and Melanoblossiinae, which may
bl ossiinae) or may not (some Eremobatid
of the flagellar compl ex.

defining the flagellum pnesenme of g8aet a
l um becomes a charact erf)ssmadief iodd Aavredt r
entiated from surr o dGurdmaoebd fsdée twahei ,con awso uol pd

to femal es anwfniomdmdti erde smanli é @a,r |l yr tfd sur
would apply, .e.g., to Lipophaginae

addition to the suprageneric taxa in wh
me Er e moab aottihdeare ) ,moas tfley monotypic gener a
a distinct flagellum is wusually present
e of a flageéodolt guise r ®XxndViimleeodh Rdrseweé a, 1941
obl SsbmfmMea) sopodRMiari)\We rammedr , 1905

hiidae). The validity of several of the
ynoRIlyimmnizyealst sbased on the absence of a f|
(1934) Reynowipnsrzreuasfstuesr recogni zing a f

nspection of the type. I n the others, t

18



adult males was cal Sieldopme@r qtuleesst s perc i(es gwas
potential transiti(ea.adi.cfrombholsladan@eans y@ax@may mi z e
wi Chel yopyjuswhart on, 1981. Lawrence Tolr9%6u2sb) ques
(Ceromi dae) . | Tontdiwes hodeedpemadbe, this species
closely related to LiapgoedHh aign nase ,abisne nth i crhatthheer
Ceromidae. WMimirlodb({ Mdelsafaobl ossiinae), Wharton
menti oned that Aif the holotype é is actually
the specimen should reveal reildaeronsli pshbet w
families. 0 Howeawnali cribmbthiwms skmown only from the
More material, i1including series containing bo
guestions.

Finally, Warren (1939) réepaoamted anppaabsesehyg
adult male Solpugidae. These abnor mal mal es p
giving the appearance of gravid females. Desp
reproductive organs were clear !l ystmalud,i nelnktesi, to
and their genital pl ates (opercula) remained

( Wa

=

ren, 1939: 140, 141). According to Warren
referr @dgtamwas mrbel ati vely hi gh am ntehde (t2wo% pionp
Sol puge maWhiotse ,i |1 &84 6Sahpud8d %c)h,el b «wtorlnawer i n o
specimens examined. Warren (1939) considered
causal factor, but found no evi demmeg tshamidafr.

gigantism was encountered during the present

18



FLAGEL LMARI ATI ONTAXMOD OMSBICGNI FI CANCE

The flagellum plays an i mportant role in t
species | evel. However, an appaoegt whalti wet ed
assumed to be closely related species prompte
flagellum is of Ilittle value at the generic |
may not be monophyl)etopci,niHenwinayd sb e 1n9i1s9lbe adi nd

Few data are available concerning intraspe
solifuge flagellum. Wharton (1981: 52) report

t he -schugpped fl agHdékxinsopasepd&ei ImMougphol ogically I

ofarlge nozZdr8ramaln, 1879 species with a | ong fl &
Africa are distinguished | argely on the basis
mi crostructures thereon (Hewitt, 1919b; Whart

repreent i ng mi nosrucdh fafsertehnec esshape of tZteg itai p of
obl i(gRuoae we r , 1933), or a paler area sdbapacall
mont@kPodcock,vilihhoasr)t o(n, 1981), are oftandcorrob
geographical distribution, thus providing som
at the species | evel. Wharton (1981) presente
variation in the fl| Mgehbat psas3uwlfiepg aolf adae nsteirci leess
(serrations) on the shaft varied in the | evel
absent. Wharton (1981) speculated that wvariat
mi ght be related to the maheésematisBgahnsgaty

correlation between the size of the male and
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The general absence of revisionary studies

aluation of intraspecific variatipaore,adespeci
eci es. For exampl e, Purcel |l (1899) reported
.3 times the width of the ocul ar t uzbeerrical e f o

naas8ol puga fvreonnatdoirf f erent | ocanldi tnioe sr.e |HR uarbcl eel
aracter by means of which the species might
ted that this range in flagellar | ength mig
termediate forms proved to ba&tiabmseinn .t iHe wi t
l enderness ofBltohses ifal afgaélincl ufceernad,f wi t h vari at.
aracters such as the relative |l ength of the
at Lawrence (1928, 1953, 195nm,d 1su6bls)p edce secsr io
| pugbaasssead on fl agell ar proportions. Wharton
aracters might be allometric, noted the pre
e tip of the shafts in all specimomse examin
ecimens to study flagellar wvariation within
nti oned that theSbpipgemat Besiguagel cComsafant o
ri adl edeée mmnmidanaherefore cannot be paetefiad an

I nterspecific similarity in flagelilae tmiopp
the flagell um Sion pwagrai anoss t d py8 il ppecgeedma en.

| pugema ,ferha@atabhgSt il qaeéllesevii t t,, aS®@p O Yy a

chuadeivdaa t,, wadsl4noted by Hewi tt (1919b: 14) .
flagell ar morphol ogy might be indicative o
wever, the | ack of a robust systemabal oefobfm
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flagella in solifuge taxonomy at the species
Structures associated with the flagellum s
For example, Brookhart and Muma (1981) report

groove anld fitsndeaswas nNsubtl e but consistent

FUNCTI ONM®ORPHOL OGY OFL ATGEAR L UM

The precise functions of the flagellum rem
sensory seta (Bernard 1896) ,neirtvehsa sarsei nacses obcei ea
with the flagellum of Sol pugidae (Lamoral, 19
flagellum is used to stimulate the female. He
that copul ation was unaffected ovheme dihes fdfage
Gal eodi dae (whether these copulations resulte
prompting some wor kTehrosmp(seo.ng,. ,1 905l 1o;u dLsalwerye n c e , 1
that the flagellum plays I|littl e odrhemro hramlde i n
SBrensen (1914: 170) stated that the flagellu
devel oped Rhoa gecoddlelsoctk )( D89 Galt agBel$ép)ugsaemi nal
flui dinei mas,se.vifleqgdaste, its funcsisespernB an or
proved true oshgpédrflhgebbwm 0@Ift a el a mmoa a eer
vi ®Per et ti and Will emart, 2007) . Only three o0b
the flagellum has some function dutsngppepul &
di ffer among taxa (Table 2).

A possible mechanical function of the fl ag:
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action. Despite the great diversity in flagel

into the chelicectaednpasidiisomal] | s din Ammotr ec!t
Gyl i ppinae, Rhagodidae, Mel anoblossiinae, Mum
Bar rBuasr,r uamslilssi monara are abl e, probably by mea

pressure, to be direoatéetdedsstcékeltly bhg 1T 0ot &€er om
Gal eodi dae, and Hexi sopodi dae,amd tHlyeekarsnchioi
genkKa,r schilai s commonal i tyRBRrwarssdn r(st9 Ind:t eldé D)y,
identified a more weaklbyssclodr dthiezdd agedtl iuom o
Sol pugidae, where the flagellum fAarticul ateso
study, this apparently weaker section was con’
which possess a proximal kgddtoethedchéehpgebltam
di stally direbcyt ende gorrse saufmahbd nyo ldinsptha | pl rye sdsiurreec t e
flagell um would place the fl agellum, and part
the female reproductigenttakttcdotaog phaséema
Hemol ymph pressure might also i mprove the fun
intromittent organ by increasing its girth an
transfer sperm. The f lowgenelnuimormay hael ad | agei 3ta
of Solifugae (Klann et al., 2009) by inducing
reproductive tract to move the spermatozoa al
female reproductive tract werley olsenmiwved20 ®9 :a
suggesting a mechanical displacement of sperm
system. The flagellum may also function to br

spermatozoa or groups of sper maltiog® ast mdisedneb )
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KIlann (2009), only Eremobatidae anldouwmd pugi da

spermatozoa that do not need to be freed from

sheath, prior to fertilization, suggedtbyg th
a solifuge taxon may be related to its flagel
The diversity in flagellar mosplkali dgygy may

functions. For edampbobtl agbHI dme fofntMRsgpeadiedace,
and provabtlyealargely similar fl agella of, e . |
and Gal eodi dae, suggest a general functional.
be in additspectidoispéanesi ons. For-sedapmploé, t
t hfel agel l um among different species of Ammotr e
sperm retention and transfer, as confirmed in
and Willemart, 2007spewhdrneavatrheats peciiaeas shap
of the flagellum (e.g., truncated-mabespouted)
recognition or sexual selection through crypt

Species specific modifications to the fl ag

mi crostructures (denticles, hooks, | amell ae,
flagell ar shaft. These microstructuresomresen
among the flagella of Solpugidae. The only ar

into sufficiently c¢close contact with the fema

(Table 2). The female reproducti ve seydstteom ac 0 m|
relatively short oviduct, which open into a s
as the copulatory pocket or seminal reservoir

vaginao (Birula, 1892) or the figenottbhevestib
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exterior via a gonopore situated on the secon
| umen of the genital c¢chamber is | ined with a

1939; Vachon, 1945; Klann, 2009). iSutbditvhe i on

oviduct proper and the oviducal chamber (Warr
shape of the flagellum in this family. After |
thick |l ining of-lclkietifmagtehé ulmoweauwidihpmber t he

through a very narrow duct that bends back up
il lustrated by Warren (1939: 143, fig. 2d), b
with itspepetiesmicrostructuoestverguct os@heo
|l i kely area for species specific mate recogni
be the part of the female oviduct which conne
female reproductive tract atnhatloaomigi reedyi fpd xaigsetl | ia
but no data are availabl e. | t-1 iikse nmit erwog tthyct L
the Wwhkp flagellum of Hexi sopodi dae are weakl
that t-hekewhtf pagel |l um prargthlty fduil fffielrle natt fluenacstti o r

Two canals are plrielsenftl ageltlha ofhi ol pugi dace
and probably also in Ceromidae, Hexisopodidae
Ammotr edNRael bsmsniBy nda.esWhereas thechamodo!l ysmpcl os
the exterior, the alembic canal opens to the
possible exocrine function for the alembic fI
secretion serves as a pheirosmoxner dtuead t vkii tshiirs tul
reproductive tract as indicated by circumstan

example, a glistening at t hMetapexd pamMgat pd cftlaa g
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withdrawn from the f emaleer sgoennailt aolbisa )( Rs.uAg.g eVghtas
secretion occurred durnsigmi mgseimomageoint ar @les
(alternatively, the glistening substance repr:
these observations, the ondykelgpgétvuati ohe emy
shaft was inserted into the female (WWMarton,

pi cdtsa al most the | ength of its chelicera (Pl

the female genital tract, vimdautct| ipkelpyerexamnand in
oviducal c¢chamber (Table 4) where it may secr e
l ining of the oviduct proper would protect it
flagellum during inserniobhseBfuomd dhrt hewhl emb
someti mes far down the shaft, may have entere
indicating that the male has mated. More dat a

mor phol ogy

(@)

f the fl ageltlsung,diifrfclrweditn ga smpeadsr
shaft, depth of shaft insertion, | ength of di
comparative reproductive tract morphology (re
sperm mor phol ogyy,bsaenrd aad dintsi mfalmati ng behavio

The function of the spiniform setae associ
we |l | as additional processes, amdp ddiaalgleay eomi d &
unknpopwbut given their diversity across the or
Hewitt, 1919b: 15).

Modi fied setae in the ssflectoff oEme md lmagteil d e, cr
function to detect the presence of, .and/ or re

l ndeedemnants of seminal fluid wer enadhbsnegr ved
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(Muma, 1966b) MuMmac ¢ri®i6ldp )t ocopul ati on among e
complete after the male chelicera has made <co
suppodorbyey the observation of an aberrant mati n
50 times in the course of 40 minutes, in an e
prodding until the pair were separated. Muma

notppaar to accomplish emission [of sperm] thr

mportance of the flagellum during sperm tran
bet ween the weakly modil faiged,| ume lodt IEv elmo buanii fda

spermntsfer, and the highly modified flagell um

(7))

perm transfer. Unfortunately, no relevant da:
setiform fl ageflllaagre Icloanptl heaxt aanrde r educed or abs

and Mel anobl ossiinae).

TAXONOMDICVERSI TY [ELFA GEHELCORMP L E X

AMMOTRECHIDhe f |l agell um of Ammotrechidae (Pl s

a fi xerdot(antoanb |l e) me mb rsahmagouesd, sawaulc thuovel ( Mu ma,

stalk (Abasieei Ml agenlploar terminology, Tabl e 1:
cheliceral finger prodorsally. The stalk atta
internal margin of the socket such that the a

(Pl .146A,1l )E, The margins of the flagellum are
mi nutely fringed, oftehamedessouwhere bDpbenbow

According to Roewer (1934: 138, fig. 133b, c,
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flagell um onampowsksman between two membranous
pl umose seta that broadened, the edges curlin
Hypothesis in section Homologydell thar Bbcagell

di sappears towafrildesgedlhleum, pr edtrntiheti ng the | ume

part of the flagellum. The | umen i s presumabl
chelicera via the attachment point and hemoly
presumed to increaswsuesclhy scadmt rtéeet icchrel dfc em al ma
copulation (Roewer, 1934: 138). Maury-(1984:

sided char actseerctiinonhiosf carnosasmmotrechid fl agell
description thereof. Noamaeadicfiiae@dds winihf ohm $é
Ammotrechidae and, except for the fpwad elrleum i
undi fferentiated.

CERoOMI DEXkcepTorfeusn which the flagellum i s a
flagella of CerodnBilae9lR)] sC, 3GA, 1 B,can rotate
180A, with the apex directed proximally in th
erroneously described as fAi mmovably fixedo by
scleroti zeWapead, Codm. ,t d nmembr anous-saragp eplar t i a
(iCeromeladmd, as in Solpugidae, minutely serra
especially towards the apex. The base is swol
membr anous section prol altcertaHd yalwehmlizihc afplpweiad s
homol ogous to the alembic pouch in Sol pugidae
of the flagellum of Ceromidae and the bul bous

first noted by Pocock ( 184987)) ,s uwghgeersetaesd Roheawe rt h
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enl argement at the base of Ktame ¢fisli &g erill lam (ttoh &

base of the flagellum of Ceromidae. The base
to the cheliceral fixed fsitmad &r svitas aa esdh arnt ab v
socket (Pl . 96). The flagellum probably for me
with the formation of the flagellar shaft of

crosesction of tQea ofmaagmiedrpnaer @ed dur i ng the pres
appears to show two canals, an al embE)c. canal
Roewer (1934: 140) repcancidng hapi dalel ys.h aHotw el vse
al embic canal I's preseénto the woxt er ber coinmean
indications of Wkiromawe nPe rfma&ulned .i nThe hemol ymp
narrows and eventually disappears towards the
does not connect to the eesxstuerrel oirs, tahnodu ghhetmotl oy nc
flagellum to rotate through 180A (Roewer, 193
The base of the flagellum of -Cekemandaayi sf

three to eight (depending on species and on w

f lealgl ar complfeckp peumesar (sing from a small el e
may protect the base of the flagellum (Purcel
narrowed apically, and often shaped rlkiekdd ya pi
sclerotized cylindrical base, and a narrow, e

section which may be smooth or plumosdéd.gsTwo o
set®@be(fingesed®@upr&er , 1934: 148) situated dor
cheliceral fixed finger near the base of the

exampl é cssatwane ar e Cpr esnarHleamig it 1e3r50o mmandor nat um
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(PI'. 93B, C) wher eaCsertohnrae es Jyalawee spinreissse n1 93 & and
Ceromel (Krfaepli i n, 1914) .

DAEsI I:OA€Ee f |l agell um i s used extensively i1 n 1
flagella of Daesiidae can rotate paraxially t
posteriorly in the restimngnpo®itsi bamiTheidi ve
flagell ar shapme.t rexXdAdepti s3d&fy,ndaAaxkHdimd t he

Nami bedamnegég¢Pl a. 32E, 33G), a shaft is absent

me mbr anous. I n the membrodnduhse ffllagellll aam tmheg D
curved inwards-shhhopedi sgrachoawle, or deeply cur
huskr capbBbaped structure, and various modi fi ce
mummuciid flagellum, i ns deees idildaatrea xlau nwh itchhe po
| ongi tudinal aperture, where the tvwovafgaomi ns

the surface of the chelicera. The edges of th
especially towards thei aplexs, ainmpdrn ma&nthafiors D]
cover the surface of the flagellum in many sp
di st al hookl et, extends medially along the | e

Bl os(sAla. 35C). The fcliaigdealel uins offi xMudmnpur odor sal |

finger and, as in Ammotrechidae, I n the rest
proximally directed in Daesiidae as opposed t
Mummuci i dae and Ammotrechidae.

Bagle on the absence of a shaft, the membran

excluding daesii dsAmwmndthr eadNRBEdnliaih e saoydn sia)e sii @

hypot hesized to be homologous with the base o
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i s codnéeotéehe flagell ar socket via a stalk th
The stalk is gradual |y Aanintoatcrheedln ¢f loiral Huev i baans e
such a manner that the attachment superficial
(e. g. ,7IPIl..f TAOeCeB || oasasoitke mi b | arsesiatt ached to the
at the emdxofmadt he f | agBheé ufm ddel | 84 Cst D)k i s s
medially on the membranous f |Bigteon®awidaP| ot her

34A) . BThe point of attachment may be phyl ogen

did not i1illustrate the flagellum of Daesiidae
the flagellum of AmmotrechidaepftResawmarmn, y1934:
evolved in a similar manner, by broadening of

inward curving of the margins (see also Setal

Homol ogy of the Flagellum). The | umérwymps,prob

and the flagellum may function when hemol ymph
the muscles in the cheliceral manus during co
in the present study, however.

Spiniform setae associ dte&d ¢$wvairteh atbhsee nftl a gne |
Daesiidae. The modi fGined i ppiursi fiad nem msnehtgakee il oyf t o
of the flagellar complex, but may be associ at
setae, on the other hand,tadei Bomaw@&bhye mdhmre ed
di stal most prpovydeset ak dretalightly more robus
cluster, slightly sepasatreeésfirom maé esevwtf agom
Bl ossieBlgossia falcifdewi doli e¢B@8gnatthuoentl y 1in

B. faKcaépehib.,, fliglOi8aBad giranfiecgrni BI . 139¢C,; H
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1921: 10, fig. 4). Hewitt (1921) noted a si mi

situated at the b&ee ol dialkcre falhagslulggmsdfed t ha

the flagellum in the resting positir)nf. Among
series, one or two of the dorsodi st al set ae,
t he chelicera lons urhfea cree,t raorleattehriac k er | |l ess f il

presence/ absence and extent ofBlsopsasciead € € r mElde s
t hpperincispalberl( Fi g. 1 4 B)r.i nTchisep anlauembl elrn do ft he ext e
position of sepeéetcadeesr ®nBInpess/isatnetmaitni cs (e. g. ,
1919b: 58, fig. 10; Lawrence, 1935, and figur

The monotypNacmigbeénbeareai ,besi i naan 8y rPd a,e sla3arA)

uni que among Daesiidae i n possé¢esiongzeldagaldl av
I i ke, more closely resembling the flagella of
than those of other daesiids. The base, stalk

f 1l agelNaum beefsarmd pr obSyrd da@hidBauofyl 985k
particularly similar td&,)tFat of Hexi sopodidae
The f | adadmoum egfbelt agppears to be intermedia

bet ween 4 h&ewlinpg membranous f | agsehlalpaenrddpossess

whitlp ke secti dhe @skEhalpe3d2 FS)eecti on, or base, is
homol ogous to the membranous flagellum of mos
Mummuci i dae, and to the base of, e.g., Cer omi

considered homologous toHekeéeé sopaidi dafe, CSo0d miug
daesiNiadns basB8gnda.esTAmemot recthagebkl um therefore

the hypot hdsaiseef tthiad | Wheiep | agel |l um i s homol ogou
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shapes of membranous flagell a.

EREMOBATIDAE et Ap seti form fdfagef | BEr emompt edaé
heterogeneous assemblage of modifiedpwdkt @ae be
pvand prodorpdy sdrseal and, i f preseind9) .a set|
The t g pdiefAffs from the tygfpen B haand itty pdeoe& not ap
comprpivslet@arel yThe vari eftien feorremmso boaft i ds are wel |
by Muma (1951, 1970a, 1989) axfdcEs temmmoabeait tkesd | n
often to a Hreesmeaohaixptreinste, a modi fi ed apical se
be the modified vwefpgrat ff hggel Bumsetwhich de
boundary betbweenhd etniter al series of the setiforn
(Pl's. 38ik) BBo3WAseries are situated in a nar
The flagellum originates distal most, consiste
setva)s(( Pl . 46A). The dorsal and veinzedalt oselre e
homol ogous to t hpd)prandd rpsradv qunvidrisadlr de stafl fet a
setiform flagellum ranges -Ifirkoem sat rfu cattuyr ene nibrriar
mar gi ns ,Eree.npp.b(aRiledE3 9 Muma 1951; @3 shfoirg., d&Y elty
Vi si bl e plumoBremetlael ies(gA.ln.sii7genEA)t,usbut i s neve
and is concealed by other modified and unmodi
Er e mobarnk ss ome sEpreecmoecsh eblhies f 1 agelwliurmiins as igtr wat

extending along the prolateral Ti€Yrf dmne odafhetrhae

the prol ateral groove is absent, or differs i
extensively in eremobatid systematics (Muma 1
INEr e mogo gstiees weakly differentiated, with m
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of pdha&ndvsleries involving slight increases 1in
flagellum is absexnftocErforoceoxa@mplte .t a3nhi@&@, Y391 ) i
remi ni scents fodf tthhe weHBrk pchhaogiomem, MPIicha&6Akeni A
flagell ar groove is absent, but a deep, ovate
here as the ventrodistal concavity, i s presen
Speci EsBmof hMunma, 19 %1, se.udMuytmar,atlad51 ( Pl s.
39J, 74A) are unique in possessing markedly p
series, which not onl ypyxd nspertiasee, pbructv eanltsroa |li ndcil
of therptocepudsdsaries. A flagellum appears t
series, comprpidssien gemo cciofnise st s of stiff, tubul
broad and fl at setag@ddieruatsed apically in the
Thefocf sever al aottihdergenrermo bmai nl gyddetmape i se

without a fl| agked ¢ mon. heBprpecnioersh agxf p oshears s a
homogeneous <cl ustsdtchat appaar s ntpbdhgeeotnasei,st onl
although the affini ttyhsebits tiuhrec Idda & rf,e raemad iste t nasey
pvset ae modi fi edpdsdiemialeasrfbdihlen a lctohmgpr i ses el onga
weakly pttdetmaedand si miplvaletaweel wmgaoead a fl ag
descri bed sspfectHieanstrro@dheacharacteri zed by weak
modi pdddtae in the dorsal series. These may b
forming a row of three oHenieoruort rneocdhi af (i Rebhdn fsoert daaen
37D), or a row of heterogeneously modified se
foll owed by a r puwdeft ademerr mbde €t haedbtrlaoechhh

situated dpddaw,, ynome tdhfe t hese more dis$tyinct ¢
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i mplying that wdmedia fal awgel fumdi s therefore
ventrodistal <concavity,entBlue orkdhsaalt vaerrdt rCails hg ma
50, fig. 3), Hempreserft hian some

Setae within the pceon(prloeuxn dd iofrf efrl atn, schuar ved
plumosity/striation, and robustness.pwWktae of
series, are slightly to moderately modified a
whereas setae of tvheed d orrpsiele hseeersi, e ©,n ddirei ot her
often more markedly, and not necessarily unif.

Ref er e nacpeisg atlomo s e (ber.igs.t,| eMu ma, sle3fmE: g51, 99
Muma, 1951spild®3 g. or Muma, 1951al 829t ae ndicat.
di fferentiated from other setae in the compl e
the flagellum. A second modified seta situate
indistinct,sulkdpiragaeld gloumsse satral g islutbhaepi c al [
|l iterature, e.g., Muma, 195Erembbad @)k, chahulae
Brookhart and Cushing 2002 (Pl . 39E).

New Worl d workers place more emphasis on t
than on the flagel demj cwwedchni §i geres, except
Muma (1951: 53, fig. 46) and Brookhart and Mu
survey with modern imaging techniques may rev
significance in eremebdatMdmayg¢tiemaanan)casetdntdro
in apical set al mor phoEo@gwmoban Brsesmhd rnflgaux s h bet

GALEoODIDAlEe f Il agel |l umhad Gal ieowsldpebeen descr

rami form, spoohé¢$®apécdarpme alt iek e a (B0l &, e 8Bf1 E; SRBr el
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1914: 34, Birul a, 1929, Roewer, 1934: 149, Mu
distally into a blade ohescapuouavéBinoka, st9fé
i's finelynpeumpseific varafatGalneadi deae ifd aggwehdt
includes such characters as the peduncle to s
scapus (asymmetric versus symmetric), and/ or

transitions apically into lalpoifntg.( &gsAgal Kibier u
andt em, abtthemghhsed as synonyms of peduncl e,
homol ogous to the stalk as defined here (Tabl
di axially rotatable, and has ehbeamddaddri hodta

(SBrensen, 1914: 34; Roewer, 1934: 145; Mu ma ,

Gal eodidae is situated in a deep depression (
paraxial to slightly diaxi al onhannteirer Unalxiak e it.
Ceromi dae, Daesiidae, and Hexisopodidae, the
preserved in 90% et hanol were found to be i mm
it i-somatmable (e.g., Klann, 2@08phceThbeswmaen I
attachment of the flagellum of Galeodidae ver
(e.g., Daesiidae), which retain the ability t

The flagell um of Gal eodi dafer camp pietas so rtiog ihmavl

form. Roewer (1934: 150, fig. 147) provided c
shaft in the peduncle and a small, retrolater
(bl ade) . Hemol ymph pressure insudgeshedl t mewr a
it to rotate forward (SBrensen, 1914: 167, Ro

One to four flagell arf gcsompd ex! Isypimli d rotr marsce
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flattened, are situated proxi moventr al to the
1 9%a: 164, fig. 1; 1929hb: 276, fig. 2 ; 1937a:
setae appear to be mopddfsetdae, ocladgsesdlomditshalilr
adjacent to the prodorsal distal margnn (pddm
number upcsseot aewohave been reported on the same

1954) or among different conspecifics (e.qg.,

and is therefore not very fucssetak oh dallleymdi ds
decrease in size proximally (Birula, 1936a, 1

A well differentiated, stogptseftlaggalnldar ccam
a second weaker plumose seta, are situated di

flagellum in Galeodidae (Pls. 4C, 63A, D). Th
(1937a, b;f dy9e3t8a) .prTohbea b | ypbedresganido asle med a
dor sal position due to a shift in tphved posi ti o
setae.

GyLiI PPI(DBEI PP)NAEe f |l agell ar complex of Gylipp
Birula (1913). The fl agel |l usn todatGegd i @mpti inrael y s
sclerotized area of the fixed finger, to whic
of the flagell um t Hatker,enalitn st hfer eaegp eixs vsatrriaep (
fig. 1s; Birula, 19g3e8dGifhiggApnuesp t p gpeeicgtp insiifteri s
Birul agr 1pPai6a f{Hedmiigny ki rpipwuesk Babmky|] 18Pp&x dhe
the flagellum i s reportedUGYA)bi fcikdde faReiipreullian,, 19
1899, currentl yGiA)f syganBgmyguilsaRold8e®B8 (1934: 14

interpreted the bifid apex as fitwo papillae, o
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homol ogous to the two rhagodid flagell a. Howe
the same base, giomglistfelnagevlilitdhma

The flagellum of Gylippinae may have devel
and flattened. Alternatively, similarities wi/i
Sol pugi dae suggest a secondary smmpobrmedabyon
infolding of a seta, which would imply that t
l ost in Gylippinae. | f 1t is indeed a composi
it Is unique in the absenkcemefi thédafclageélh!| ampi
connected to the hemolymph in the cheliceral
assumed to straighten the flagellum during ma

A prominent, robust spiniform macromsfeta is
the fixed (dorsalQylfiigdguesr p p &Gydl di ufPpaurseng y)ei ppus
(Pl's. 85A, B, 86A, B). THidss odtaeheelrtifraen gcea npolr enx
Birula (195B%ina220fgaRodelwesr (1934: 308), is hyrg
modi fied prpd)drseotda.st al (

Another |l arge, robust spiniform macroseta
of the cheliceral manus ofMaradieb GlgdBri pqarimae. T
(19B8B22) Sptimea profRacdwearl i(s1934: 308), and the m
Gromov (1998: 184) i o ertefodrarteed atlo nlhamehrges assp i tnh &
set(&Pl s. 85B, 86A, B).

The fl agell ar cfodnspd eetxa spnaditfroesr €pr ol aAoemal
(rl msseta of Gylippinae are the | argest, mo st

solifuges. The position of such highly modi fi
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chelicera is also unique becauseadiasrtd nwcdu aroldy
restricted to the prolateral or prodorsal sur

exceptions being some modifipedncéeasthadlegt e malotfh

families, especially Daesirildseeet.a Ao fp onsaslieb | &y |hiop
may al so be identified in females (Pl . 85D, F
Thel mnficsset ae are used extensively in the s

(Birul a, 1913) and appear taoad Idaptableadimcanum
variation in the |iterature maryl et miwaeading
repor Ggdi gflopmenocedryoBirula (1913) and Roewer (
229B), as in the specimen examimerdeadml tihdee pr e
setae were depicted by Ko- (2011: 120, fig. 3
specimen illustrated by Ko- (2011: 120, fig.
conspecific and that drnlfidm®y en o kischbaetniivhed eo fnu mb e
intraspecific variation.

Di fferent interpretations of the spiniform
variati on. For exampl e, Roe@wleirpfl @ 3dt h&0 8§y Idii |
genera by the mpreseaececafm ed we wBhierruelaas (1913: 3
di agnosed it oonreltsheet ab aasneds oid fcssevio @ e . Based on
Roewer 6s (1934:; B1lt)hd irgesmwi?a? rAeported by Roew
and thefssaetomdreported by Birula (1913) appear
interpreted differently by the two authors, t
provided in the generic diagnosi s.

GyLI PPI(DIAFEOPHAG) B8mEUt her n African gyl ippids pos
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strongly differentiated t yspec WBi tsltedautf oa mf If d qaglell
seta in the complex is clearl yiFdi f fUead e rktei a theed
A setiform flagellar compl ex of iEpoephoabgitn adea e,
appears to only comprise pwd aserofest hevhprcdv dmaty
dorsally and are wusually wuniformly modified,
nearly so, Il n shape, | engt h,r eetnto.r eT hrroebeu sotr af nod
di stinctly more pl umop\es etoa aproepdh atgoa (tR ki ssopti hneors
36B, 88Arl |l bphag,a tamaetl a¢ aappear to hanwdk shi f-
t hefcconsi sts of thevaptaal mosh udigkiletn sa er
intertwined apically into a Afused concave cu
directly ventral to whipgpWwWsetapeoramxe madcekil fyi ¢ d uar
angul ar (Pl . p3vesl®,t ake, aF)e. umhreocdh dticenda i(mPIlc hael se
36A) Al t houpgdhd estoanee ar e sl i ght |l V. moir @ htaledorsl esinn i n
femal es iEFP] .t BV do not form a distinctly dif:
the setiform flagell agebtbmm| eareasntwelt praseth
absentt imm chael seni

HEX| sopoDIAdAttEhough reported as i mmovable by M
flagell um of Hexisopodidae is paraxially rota

pressure (Pl BFR, 320y cdhTahge8®, strongly curved s

from -ahappd base, attached near the base of t
but distinct stalk (PI. 32D). 1t is | argely nh
di fferences comdtedegridhe @fpexxpmansi on of the | &
(PI . 33D, E). The shape of the cHplikeplbase m
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pusi(Vidvbarton, He&lpopndvil@aatekl.The o90OWII|I | en

c

d

c

Hexi sop

f

S

S

Hexi sop

apsul ar basem ofe stehneb |felsagtehlel wwase of the fl age

i ffers

i n beingsbppad s$brmchgra, cupther than

uphaped fl agell ar badNemnmfbetshea daegi sdmgéenanust

| agel |

i mi |

ar

uggest

odi dae RPHUMOBAEdildHd))ot provide a cross
um of Hewiteadpodisdae mibuwtri ty tohet he fl a
ity of the flagella of CeNamilheasi,a He xi
s a common origin. According to Roewer

odidae is blind ending apically, but t

canal iI's present, as proposed by Lamor al (197

KARsSCHI It Dwewery different fl agellar compl exes
flagell arKaomgPieads . oBOA52)3 1cAomproi ses various st
comprehensively | abelled by Birula (1938: 46:
fl agel |l um; eplsuimousaet esdetdai rectly ventral to the
various degrees i iBélbedibmd siKremadeniimg (1908a: 2
1938; Gromov, 1bpB8:réaBéarrédgsolhere as the fI:
fop set ae; tama aonwemiorate subspiniform setae, t
situated dorsoproximal to the flkaqmelbyyaBi bakaea,
(1938), and referred to here afsod et &eéagBasad

—+

1

heiirtipms relative to theKhragkhillabmHiamaspeci e:

907,

Hirst (1907) and Kraepelin f(css08a: 221,

function to stabilize the coiled structure of

The

fl agealrisweneeisoab | es both the sessile flage
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composite flagell um. It retains a basic resem
fringe of hairs, mistakenly termed ficiliao by

(Roewer, 1934: 142) esomnother suncadnt st mbat el O3

This coiled, filiform flagell um hvwasl Ibeeee nt udbees c
|l i ke structure, formed by a seta that broaden
which rolled inwarcdosedal mantal f, owmitihg ha mol ymph

doubl e walls of its shaft, (rRoperwedru c eldd 3hde:r el 4a5s,

Roewer 6s (1934) interpretation could neither

and is accepted penveéishgglaai om. Unt il mor e dat
an alembic canal becomesKawvaiiaboresi ddeed | g el
sessile, even though a stérme lhase arfdtdtealfk aqg
Karschimpri seswaldliinghttf rom which a small excre

(Zapfodn Roewer , 1934:Pl1s48)308ANEr gBBTrul a, 1938: f
basal peg may function to halt the flagell um
straightening mohementao$edhleyf hagel ymph pres:
1934: 146) .

BarruamBilssi meachkear two distinct, interspec
membr anous or weakl YyPsscl e33Oy ZT)V¥ABd | B3edda t hi
l i ke socoermadary fl agdlilkkemvamd ralt ybheemdrn y efrlad ge
is inconsistent, however, concerning which st
(Tabl @hé&lyventral (pofimamyd¢l| dsalgeld @smembl es t hz
Panocus 1955: 347) also suggested a resembl ance

Eusi moni a Pcamroruisgeegr a0 955 and the flagellum of g
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secondary Bfalragueslslllasso fnrani ae c¢cl ose to one anoth

but rdmatnnct. Bot hernMdiagge | d pai caalel y,l iaondd 1 ndi c a

mi |l ky substance suggest the | umen of each 1is
Both flagella appear to be i mmovably fixed to
howewvw, they are able to move through 90A from
verified in thermppepeaens sBdbupdygssess a secondar
|l iterature Is contradictory concerninegl iwh,et he

1901: 140) or absent (Roewer, 1934: 306, fig.

Panouse (1955) identified a thiBudsisniornuicat ur
corniigneraaddi ti on to the primary and secondary
spiniformdseptraoliantseerratlel y on ©Ohe birxedvo( dods &l k
subspiniform setae situated dorsaEugi mont he f
are hypothesized to beddodetrned pnddoefedrsta
flagell ar scpamp Fex setme (Pl s. 30D, 31B). Addit
modi fied i n (sRooneewesrp e cli9e3s4 :, 1edE3gs ifmogn.i al 4mMiG)abi | |
Roewer, 1932.

MELANOBLOSS( Dn@aBRHAX) The f | adgdelnlouinsaod t hi n, str a
and sserieroti zed structure with a markedly set
uni que among the flagella of solifuges in bei
pointing ventrally, al theughliint iod daitgtaalhlme nd
is inserted in a small, swollen protrusion of
the finger in the absence of a stalk. The ent

mi nut e spi culheasp.e latnsd ftihlei frooomm osf mi nute dentic
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l ength resemble the fHargsedHauardaobfeo tirhleey ak alresic haisi

sessile flagel IDa.noTrhreadX 4 lalgye | ¢ wonl wvdd i n a si mil

oKar sdluit a whiett hfeurncti ons i n a similar manner, |
pressure, remains to be investigated. Two or

the base of the flagellum are slightly more d
t he apex af Tthree sfeitmgersi tuated dorsal to the f

homol ogous t o ptdnsee taapei c(aRoneowsetr 1934: 146), thos

it, to the ppvydveretaal distal (

MELANOBLOSS(! MDAROBLOSgIManhmnobl ossiinae possess
setiform flagellar complex, comprising sever a
el evation, and clustered to form a distinct u
in a broad, shallow depression, refeomed to h

(Fig. 260, .PIRef3e6rGecnces t oofiaMuvneao |(i109 7i6n) tahned k&
(2003b) appear to refer to the sockets of weac
depression. As with the type B flagellar comp
flagellar complex of Mel anobl opwisliemae sapfgdar

setae of the flagell ar «c¢compdcelxl eodtiVed lamaod btl @ sa&¢
flagellum consisting of modified setae, as 1in

Wharton, 1B8fnawdy, EL990: 24; Harvey, 2003: 1!

these setae i s assumed to be homologous to th
contutibn. Purceldl (1903a: 6) waeltame bfiiomst at o
the dorsal most seta in the flageilll)jar Addmp lagel
not rotatable, consisting of a flaexdi Hlyea ngdens
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against the inner surface of the | aw, and so
Roewer (1941: 124) retetnegronbctheaetikagal har t

l dentification of the fl agellhacbodfal Mehgmnaolgl
According to Purcell (1903a: 7, 8, figs. 4, 6
flagell um Mesl anchlioncdiPangledbicd@Pd®3, but | ess
Mel anobl ossi hawranaosei (1929: 176) wonotapptaheantd
i Mel anob?hewgitaurbrewrtdrnyceg@Lawwendc,e,t H® 209y pe
speciltawrndncega.

The problem is complicated because the mos
as the f lLagwlelncieaaf i n PMeln®@ b Gd(siisbnod i n Pl . 36G,
not homol ogous. The di stLiawa telny emg@&dRpfr.ioe3k6rEe,t a
probably homologous with the primary flagellwu

Mel anobl osgiPd .b3&WHNSsi I sewhi ¢ibahothét hough sh

conspicuoupr,ocesradi stinctly modified, and ther
homol ogous with the primary fl agellum of othe
mel anobl ossiid species examierssksi m ttlygpimgrad sen

Mel anobtlympes ffaafbut appears to posisepspOimadla t he
seta and tMe Imo@iheé)dseta (PlI. 361). Despite t
modi fication of the flagell ar coimpfiexemwmt Mel a
structure of the Lnowdriefniaeed) at dvtea mefila @) | gf si tuat
t he wundevsedrainboebd owmshsiiceh compri ses a smooth shaf
plumosity, suggests that seta paomasymbdsagkik

ot her solifuge families. This hypothesis is f
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rel ative pwosldthaee oithetrhe fl agell ar compl ex bascé
flagellar insepwvsBehaeel atbvbeetottle, Daesiida
Gal eodi dae.

Al't hough Muma (1976: 3), followed by Gr omo
setae in the flagellar complex of Mel anobl oss
not appear to possess hangrodatear uanbmoldiitfy etdo smed
in the fl agellar complex of Melanoblossiinae
with the socket visible, albeit modified. The
mor phol ogy of the fl agelbwymLafmoMal ahdDDBTHEsi i @
presence of an alembic canal. This seems unl
is a distinct, separate canal within the fl ag

be difficult to accagmehddat @fi n ha degtpief obmefriva

Mel anobl ossiinae (Table 13). The presence/ abs
flagellum needs further investigation.

Mummuct 1:dAee f 1l agell um of Mummuciidae i s a me
structure (Pls. 34G, H, 35H, 1) generally sim
most Daesiidae. As with Ammotrechidae and unl |
Mummuci i dae #rotlaliteaed Thmenfl agell um of Mummuci i
often retrolaterally compressed, whereas the
open, slhawled structure. The margins of the fl a

from the prolatechél scoefarei of Ammotrechi dae al
me mbr anous fl agell um, whereas they curve ipsi

surface of the chelicera) in Mummuciidae. The
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a smal l openi ng mapys iel xatteenrda Itloy ,f omhm cah di st al 0

ElHennawy, 1990; Gonz8lez Reyes and Corronca,

were the first to report a broad opening ipsi
Mummuci i dae, whichr ewpor sethskeyuenhérys (Rocha al
105, fig. 6; Martins et al., 2004; Carvalho e
fixed through a very short stalk into a circu
flagellum ofi Muimmuedi paedorsally to the fixed
Ammotrechidae, the apex projects distally, wh
flagell um projects proximally (PI. 35G, H). A

(excl udi ng Nsaymmidbaeessiidanmcet,r e)c,hetlhhes fl agel |l um of

Mummuci i dae is considered to be composite, th
A broad flagell ar groove, situated | ongitu
accommodates most of the flagellum. This groo

examed during the present study (Pls. 34G, H,
provided by Carvalho et al. (2010: 25, figs.

(2013: 542, fiTgr.uj5i)l,| can(d2 Blodt:er3v24, figdy 12, 1
the compressed dorsal mar gin of the finger be

narrow carina dorsally-Tetuhe I fidor 2&I114ke812@ )of a

|l ess prominent, and more gradual, carina vent
The fl agelrmwaon iodaeJMuims usually covered with
apically. As with Ammotrechidae and most Daes:|

was hypothesized to be derived from a broaden

curled inwards, rcersuddmmligetienl ya placsaedlvesicl e,

21



doubvad | ed sides enclosing a narrow | umen (Roe
Cancello (2002) noted a Awhite viscous substa
the Iumen. Therefor e, aagselwia ho ft hAemmoet mmbercahn oduase
Daesiidae, the narrow | umen of the flagell um
the hemolymph in the chelicera.

RHAGODIDAE i n the kaBachuasdBgeinmomi,vao f | agel |

structures, eomd heentdroals,alt,h herein referred to

and secondary flagella, are present in Rhagod
situated close to one other in a distinct dep
fingergeTha fare@ weakly plumose distally and e
extending along its |l ength. The manner in whi

l amell a on the adjademptl off lltagestilpleumh iccrieaaltleys rae s €

singbecavel,i keubset ructure, the dual nature of w
flagella are pried apart. Eachi ké agwiltdhmailson
inner | umen extending along 1 ts entmorleynpehngt h

(Roewer, 1934: 140, fig. 137, reproduced here
the |l umen was suggested to cause tdpenube com

sl i gffkrregngden, RO&Wer 167¥934: 141). Althaugh fl e

are i mmovabl e &StBrtemes emadse ,( 1Od: 165)t rstsat emen
moborleef ers to the pliability of the flagella r
SoLpuGcl DMlEt hough very diverse in form (Hewit:t

Sol puegiadrae characterized by a distinctly bul bo

prodorsally to the fixed (dorsal) finger, wit
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from the baseiM)Pl sA. d3d2G,al3XKiticul ar el evation

ter meetlaad er al cooove«li $ ypart of the bul bous ba
25A, visible through the transparent bul bous
possesses a flagellar groove dorsally or prod
attached andlgxtfemads tdhiestf dlagel |l ar base for a
dorsally, and then curving slightly or marked
recurved shaft varies from very short, not su
base, tmgyvesyrpassing the ocular tubercle. Thg

cylindr-iiclae gn &«w@hi pr f loart treilnbelkdery ssrapct ure, w

modi ficatii€€ns ([Thle. fH£aAplL Romawverf , l193edcasusua@i qu

idoes not curve dorsally, but follows the fi xe
apically in three or four fingerlliked4d®PCp,) etche
alembic canal opening externally atathew)ip o

Al t hough highly sclerotized, the flagell um

bul bous base varies interspecifically in posi
in prolateral view), extent ofr sall ecaorniirat( Bing
Pl . 45). The si destroafn stphaer ebnats ea nadr ef |seexmibl e ( Ro
flat to concave prolaterally and slightly con

to the fixed (dorsal ) f i nigeed ,a SslBe cetniscemn atl 9tlhMe
shafzZeriina ke(yPsoecrdcikn,gil1895) comprising more pli
slightly distal to more pliable ventral <cutic
present stSadlypugema, g(ePnMu.c o4r9nB)s, suggest a poin

during the forward movement of the flagell um
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copul ation.

Sol pugi dae

S

b

e

d

a

o

t

o

—+

haft i
ul bous
nsurin
I stall

pproxi

t se

d

f.

SBrensends (1914: 165) reference
oes not iIimphyaasoebketjtputotoothe

A dor s al carina on the bul bous |

basemayrgmeavent the base from yielding

g t

y (

riginal s

he bul

et ween

n the

That

ituate

hat presdier s hiad tdi @atnrdi b int € du rinn tca uts i

SBrensen, 1914: 168). A suture on t|

el

et

e

r { &8n

d ven

934) compr i

oget he
revent

ressur

r f uan

s bac

e i

nd remain

eprodu
amor al
haft,

xtendi

uticle

ced

h

(197

based

ng

of

t

h

t

y parallel to the carina and may
a to rfeorsment h(el Fllda:gell 7lu,m.1 7S23) s uggEe
base may be correlated with the s
size and shape of the base and sh
nt study.

sen, 1914: 168, dilgondiltudiabal eslp a
tral to and separated from the | u
sing dorsal and ventral | amell ae
cvtail vrei nghiacsh opens under strong he
kfl ow. This mostly wunidirectional
the shaft even after the muscl es
n etahsee ds hceofntt rhaacvte nog. Roewer (1934:
ere as Fi-gec2PPDh pfovhdebubbouesb
5) provided | ongitudinal sections
on histoLagocal (bh9éS})igdéenonfi e
rough the fl agellum: an alembic c

he base, terminating proximally i
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to the exter-emdihregnod yanplhl icach al (or |l umen) con
the hemolymph in the fixed finger. Similar ca
flagell ar shafZteraofa tvledhad whepugpirésent study (Pl
Lamor al (19mb5)c, ctamemlalies | ined with epicuticle
l ongi tudi nal i nvagination. Minute denticles a
situated distally rather thansproxfoomaml ge( Ré.
associat edg avli tfigrst dhree fdlmasent i n Sol pugi dae. Set
prol ateral surface of the chelicera are | imit
setae near the bul bous base (Pl . 45B), or thr
provent rmpid GdiedtazlOp@r ga , d P ast. i Q& ,Sod p)giaesnd cel |
keny(aPel . 124G), and/ or mopxbbet heSgkepggrbaantr
lindd&tiag.ZekX¥3)a( Rlar 112ZA) 1 aakdlyRler 11i1n8gd) . The di s
modi ftee ®@® the movable finger are the most r
modi fied proxi mal |l y.vseMdadief imad foirx enda yf inrogere x hi

pl umosity.

SUMMARY OFFLTAHEE L LOORMP L E X

A cheliceral flagell umndog preesssantctied alol asdu
taxa except Lipophaginae (Gylippidae) and som
and secondary flagellum, are present in Rhago

KarschBadae&gss mon.i aThey aretscgetulaere,d fcdromieng

di ploflagellum, in Rhagodidae. The primary f|
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ventral fl agellar seta, and the secondary fl a

Three types of primary fl ageslillae,maayn db ec o ndpeonstiit

FIl agell a may be i mmovably fixed (Ammotrech
Rhagodi dae, Mel anobl ossiidae, Mummuciidae, So
rotatable paraxially (Ceromidae, Daesiidae, H
( Gaoldel dae) . I n the resting position, the apex

(Ammotrechidae, Eremobatidae, Gyl ippidae, Me |

di stodorsally (Rhagodi Kkae stKapsoki mdhkbyekDhed

Cer omiHleaxei,sopodi dae, Sol pugidae) or dorsoproxi
flagella are thus proximally directed, and fi
Sol pugi dae, which are proximally directed. Al
t hegdri,n the flagellum can most | ikely be proje

and an fAarticulation pointodo at the base of th

(Pl . 49B) .
Various chelicematli predetbagebhhdmpedtmp!| e x |
and flagellar compl ex duwlssspetna e omary abned asspsionciife

flagellum. These i ncl udshapfdcdpeat ad ot itflie bdde
flagellum characteristic dfcp€eaomrpdae, faudi s
spi niffcesetmae at the base of the flagellum of G
situatedfsesgatnad orimtn Cer omi dae and fGosdeit @ei daea)
Karschiidae). Modified plumosd isdat dderebenoame dii
situated, e.g., the i ncr ekaasrisnegmid/a tl oen grear g | ruarol

pvsiet ae near the apex of the fixed (dorsal ) f|
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cheliceral spines are rare iPimrénokief oges oolb it |
processes, especially in Kar schiAnmaoet,r ebcunte lailss
goet)scaand Li pdphadbgiot aeha(el. seni

The function of the mal e falnag elelviem arl e paismsg

have beexnt esdugigre the present contribution. The
flagellum apparently functioning as an introm
handling the sperm during i nesihraepcetd sfp eargne |tlruam
Ammotiedale. During flagellar insertion in the

appears to be selcirkeet efdl abgye lallal twhhriopugh a- por e a

specific nature of the flagellum of mameg f ami
observations of mating behavior, studies on f
details of flagellar mophoscul pture (spicules
become avail abl e.
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CONCLUSI ONS
ormous chel i ceread sr dlheaet imwes tt @ rboard yn en
nid order Solifugae. The chelicerae
rly rich in characters for solifuge
r of tarsaéensegemehbandat mosetot hsol if
cheliceral characters. I n most solif
on cheliceral dentition and the mal
racter beyent amsdehmdsakener Ter mi nol ogy h
di zed, confusing and even contradict
s, together with the unsatisfactory
matics of oSothteugaeacbomgdaoedets, e.
racter systems of which are well und
gy. The present study is the first c:

mor phol ogy, whhelhi aen &lmpdlsar acthemo

ed on a survey of exemplar species r
urvey of the chelicerae discovered m
i m@)é rs eftoaned,alt (e mucron organ (mo), ar
rr characters were r-eikeéeppoeees, preey

ed

S

al

S

as a | arTged cthooatohmai mMmi Ntheaeeg gsbesnpp i n e
uprmeog erhdreisc weyyreagaenti fi ed, i nclud
l'y restricted character systems, s
character systems, such as dentiti
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l denti fication of the homologstohypothesds
regarding fondal teeth, facilitated the disco
increase in categories of secondary teeth, as
in dentition and hence t he jswdtiiffuigea tsiysn efmmart i
Solifuges were found to possess a relatively
respect to dentition, variation was | argely r
the secondary teeth and t Ibd ef armdanl tthese tphr | wearrey
the distal teeth more variable than the proxi
teeth. Particular fondal teeth were more pron
much conserved in some taxa, but not others.

Termlogy for cheliceral chaetotaxy was com
di stinguishing between different series and f
secondary male flagella was introduced and th
(pv)d seri,es hei ventravf)d |l wgel hgposbeai ged to be
the primary flagellum, andpdd esediast dl.mast tpreo
fl agel Idd)rs steitea plrecursor to the secondary fl ac

~

The male fl agealilfemt swhai dh vemasity of for ms,

single origin for the flagellum was hypothesi
for further testing. The terminology for the
i .e., setlief ammd, coenpoisi te fl agella, identified
composite types were homologized, i.e., the s

This study has broad implications for soli
mor phology. It increases tbe sombkrugefsybbemal

22



provides a new framework for taxonomic and ph
form of a revised terminology and character d
hypot heses of primary Hdmolamgy tfaxro nphmni lcead d nye tu
cheliceral structures across Solifugae, obser
and tested for secondary homology in phyl ogen
synapomor phies for the higher classification

The htutrer @an behavior and functional mor pho
revi ewed and interpreted in |ight of the pres
with its robust shape, putatively plesiomorph
increasedop!| pymekesti dg, appears to reflect its pt
and, probably, defense. Sexually di morphic mo
gracile shape, modified, often reduced dentit
compl ex iamdmost species, the flagellum itself,
solifuges was divided into three phases, 1 .e.
release phases, and the relevance of <chelicer
| narsed standardization and more detailed desc
the internal anatomy of the female reproduct.i
mal e flagellum are needed to i mprove understa

mo diicfati ons in solifuge mating.

22



Mode of

whi ch dat a
Clouddheypson

(1962),

(198Puynzo

TABLE
transfer in families of Solifugae
avai Hapmenshbased2pn

Junqua
( PR &h)t,i
Hr ugk-dMagti gov §

DirectFl agel

(1961, 1967a,b), Amitai et al
(1962), Muma (1966b), Wharton
and Willemart (2007),
et al . (2010a)
Finger

Ammotrec
Daesii da
Eremobat x
Gal eodi d
Sol pugi d

X
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TABLE 2
Reproductive behavior associated with kbheé¢dcemadtbservativors of mpéei &I
Ammotrechi dae ROlewaecol 4d98Raewensi $934 in Peretti and Will emaGltuaw(i2007) ; |
dorsélLiasreill e, 18MantiidgowH§ ugtk owls. (2010a); Hareenmoobbaattiedsa ed &or aamegpoen|®EI, 1899
pal pi setFilchd egsan@.94dnlod Mueamaij s1951 i n Munta (nlaYed@bhymniah@51 i n PGQanlzeoo d(ild9a9%e8 b ) ;
Sundeval lGal e®82&s Biasplias 1890 in GHe yxmopusbu(slBdORY | a, 1937-Mant HJogyRBoef al .
(2008a, G0 WYarRngtoick, 1903 (mMGsiakrabithi Glidhadplseyn (196G, 96 TRaorebweers, 1934 i n
Ami tai et alOt h(oles6 ZX)Rb_anpd@®I6M® Junqua (1962); SolMeutga sdoal ep uLfearcphe, p £188iilny,: 18 9 9)
Wharton (1987)

Abbreviations: GP, gonopor e; FF, fixed finger; MF, mov a
Phase Dentition, muChelicera Fixed fing Dorsal Fl agell um
macroset e
Somatic «¢d nitial grgrasp, bite,
l egs, peltidi
somatic machew abdomen,
propeltidium,
(lightly or f
mo vle l'ift, run wit
GP up vertica
Genitala(pr-ienseminaknead, pinch,chelicera FF into GP press set
opercul um, suGP against ¢
into | GP, gr region
wi t h MF
inseminaticollect/ 1 ift, insert FF | pl ace sperm i
droplet; open insert into (
insert sperm (Ammotre®chid:
postmseminaprod GP with insert che pressrsalinsert flagel
deeply int cheliceregenitalia St
of GP I genital
(Gal eodi ¢
Rel ease pinch sides o close GP (6&al
together
%Genital contact phadeposepméniaal omw @mrce i ons generally violent, described u
[cheliceral fingers] &rauli iigrotve8n d | yadg.r(dHfra0eiri0 aG Safnteteetn dvyg g emecwed] 6 ( Heymons,
42); exceptions during insemination phase,-TdempsbhedlA@6ilngl®w6)dandudhnae]
(Wharton, 1987: 376).
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“The ntal ec hacmienkséds up the sperim Wiitrtstt lpemitrarodi | efgs;l iklegc &d aigte | il medt, weaenrd tit

and flagellum into the female genital tract (Peretti and Willemart, 2006:
“The mal epimsga@rted flagellum and chelitkBrahentbagéakl Aemahi®df0hen el @atatvean oan
nor mal resting position (Wharton, 1987). The flagell um waslcdmplAet aMhy rit ro:
personal obs.).

“The genital emafiengachiubbewshibdlussead as foll ows: Ausing two cheliceral fi

soft cuticle of the female's abdomen aMadlr tpiugdwvws8 datt alo.wa rbosivbaged Bolem clutl uins
was involved.
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TABLE 3
Sperm packaging in families of Solifugae for which dat
al so Warren, 1939; Klann, 2009; and Klann et

b

Singl& cel Groups of Cleistospe Coenosplerm

Ammotrechi X

Roewer , 19

Daesii dae x Bf tkoanr s c h . X B{ osSsiinao n,
Kraepelin, 1880) 1880)
Eremobatid x

Kraepelin,

Gal eodi dae X

Sundevall,

Hexi sopodi X

Pocock, 18

Karschiida X

Kraepelin,

Sol pugi dae x

1815

Sper matozoa remain as single cells.

bSpermatozoa clumped together as groups of | oose knit (
cell s.

‘I'ndi vidual spermatozoa surrounded by a thin secretion

dSevesmdrm cells surrounded byBlaogsis®&r ¢ Gabroshdaeh on |
vasa differentia.
“INot ot

o0 be confused with spermatophores, i.e., sperm p
accessory glands9 (Kbasedetonalkt hj s2@@finition, spermatop
in Solifugae (Warren, 1939; Kl ann, 20009; Kl ann et al .,
solifuges (e. g. KaeTshtonneprs o nl,9 6159 6 1C;| oWldasrlteoyn t 01 @& 2) pr oba
viscous sperm mass (Klann et al ., 2009) .
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TABLE 4

Female reproductive tract morphology in families of So
Dufour, 1861: 433; Birul a, 189 2,; Bernard, 1896; Warr
Pouclhas genitalOviduct Ovary

Ammotrechidae | aterally di ameter approoocytes deve
1934 uni form along ovary, | ater
Eremobati dae Kabsent strongly narroibid
1899 entering genit
Gal eodidae Su’nsmall; distalldiameter relatib.id
between oviducal ong oviduct
Rhagodi dae Pocgl ands presentunknown i b.id
with pouches?
Sol pugidae P eaabsent? comprises: o'viib.id
oviducal® cmamb
connecting tub
tube
Genital chamber and oviduct surrounded by strong longi
surrounded by thin muscle | ayer (Vachon, 1958; Kl ann,

°A| s@ee Dufour (1861: 433, plate 4, fig. 26)
‘Duf our s (1861:f ipddestess 4n,0tf iagg.r e227bwWi t h the figures and ¢
143, fig. 2) and Vachon (1945: 478, fig. 1) .
‘oviduct proper enters oviducal fclhamMbempemy ngui nit mg c tha aenk
comparatively -dimaédct edant ebe of $¢ge Warren, 1939: 143, fic
®°Ovi ducal chamber holds seminal fluid (Vachon, 1945) an

epithelium (Warren, 1939) .
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TABLE 5
Synonyms forfichgusiecderianl the | iterature

ChelicerabDorsal/fixed finger Reference
articl é¢dgnobi cthée di(f§ Savigny (1809: 178, ¢

mo r[sj aw] mors i mmobile Duf our (1861)
j aw Unbeweglichehi Winonwdal Koch(1842)
jawln;t er ki efer
j aws upper/ ddyr sladwgramventPocock (1895a) ; Purce
(1913, 1919b) ; Hirst
(12927); Lamor al (1972

croc[hfeang crochetdédgd sseisp®rd reaac Si mon (1872, 1879: 1:Z

mobiilnd /®r i eur

fang apophysis of 8§egmelnt Pocock (1893: 10)
terminal segment/ fa
fang upper /i mmovable fanBirula (1915:4, 1916:

p
dactylus/uppea&irgi t/ i mmovable Pocock (@1B89ja,
ower/ movable digit

digit fixed digit; movabl Turk (1960); Levy and
Kinnl ade obere/untere KinnlaBirula (1929b: 279, f
OberkiefedorsalerObenkiaferf Kraepelin (1899)

[ maxillar

Mandi bul ador duanlbee we gMainadhiebul;a Kraepelin (1901)
(Mdbfgr.)ventraler Mandi bul a

fingers upper/ fixed finger; Putnam (1883) ;255
Banks (1900); MdWmefiltot7

doi[gtingeil 6arti cPeoibatsifliaxe.e SRrensenPahdldp; (196¢(
Cheliceredorsalen unbeweglicRoewer (1932: 53)
di gitus ventralen beweglich

di gitus di gift xssis/ i mmobilis; Roewer (1934: 53); Kl
Al berti (2010); Van d
Fi ngOedrer kiOberfinger;, Oberkief Birula (1937a)

Unterfinger/ Bewegl:

dedof i nge dedo imm-vil; dedo Mel-l®witao (1938); Mau

(1994)
finger i mmobile/fixed fingKIlann (2009)
ramus/ podfi xed %r afmruese r amus Dunl op (2000)
Use of fApenultimate segmento (Pocock,| ©8888icllé) , dAupp
basi (8Brensen, 1914: 158), and fAfixed ramuso (Dunlop,
and manus (i .e., paturon).
Pocock (1893) interpsegeméeéntkdl stevatasethtaeeral | obe
first segmedtyppmamufsi mgier as second or fipenulti mateo se
third or Aterminal 0 segment .
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TABLE 6
Size gradation within categories (MSM, FSM and FSD) of

based on material examined as well as images and speci
frome | iterature, indicatingdwkbeéetheéy {(®®¢thbrincrease in
proximally® (P) in row

Abbreviati ons: D, distally; FSD, fixed finger subdista
submedial teeth; MSM, movable finger submedial teeth

Family MS M FSM FSD

Ammot r e Rloiedveeg , n. a. n. a. n. a.

Ammot r eche didaemg P P n. a.

1971

CeromiRbaever , 1¢€n. a n. a a

DaesiKrdaepel in, n. a D P

(Nami beaiwvaencée¢,

Daesi i daNe n(i ébyecslin. a. n. a. a
Er emobaKriadeapee | i P P P
Gal eodSiuthadeeval |l D D? a
Gyl i ppbdwer ., 19n. a n. a. n. a
Kar schKiriadeapee | i n D P P
Mel anobl BResiwedan. a .a. a
1933
Mu mmu c i R odeavee r | P P n. a.
RhagodhRdaeck, 1 n. a. n. a n. a.
Sol pudiedad, 18:P P n. a.
Sol pugSdlapugi ba n. a. P n. a.
Roewer ) 1934
Taxa with fewer than two teeth in category, or more th
apparent aberrant speci mens, coupled with insufficient
evaluated for size gradati on, hence fAn. a. o
Si ngle MSM in Muma (1971: 7, figs. 1, 2)
‘Contradictory patterns, e. g., Pl . 60A.
“ESM increase i n sQdazlee oddiesst aal(IRya leilora, sl ees.1g7.7,2) ( Pl s,
59@ , 60), but pPaxiagalpeap di¢dliursas.l @.,, 1890) (Pl
59C, DOC)G60A
‘Teeth either too small and vestigial to evaluate for r
within series of equal size (i.e., multidentate patter |
E. Mummuci na RiortsvehacHHB88deTfajil I3&R,5,201 4:.
17) .
‘L,abile denticles interspersed with fAregularo seconda
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TABLE 7
Dent al pat teirnn tfhoer nuiltaer at ure and nédwrfmur msl a dmrpd epads 4 d
describe dentition pattermypdt hiesttiradledpriens nce 2RfA avd d iht
finger submedi al (FSM) tooth and one retrofondal ( RF)
speci men
Abbrevi aantoesiAdiA, ant erbagsalt eexthbs ®BtE,;i ndemno antD®r,i eur e
dent inter D@&ditaiprrg nxJidpeanite, | ug a;l eDJebetmetr,m@gal eFi,nt erne
profondal teeth; RF, retrofondal teeth; FD, fixed fing
finger pr oxiinmaelr;ieodoimahd i dIl,p rtienectihp;alP,

Dent al formul a Ref erence

3DA+2DIlI +1DP+5DJ" ext-Panouse (1960Db
3A,-312, 1P, *5BE, 4Bl Maury (1984, 1

3A, 21, 1P, 5BE, 4BIArmas (1993)
P F1-2-MT-1-AT Catenazzi et a
(alternatli2Mg-AWi t h P

FB( tAPMR3F R( &S RF) (4PF) here

42-3 1 = intraspecific and/or individual variation in cou
v1-2 i mplies two submedial teeth, numbered fAild and 20
(1982) but poobMWMbLUyyb&at®ed4), with modifications.

C ) = secoRr8uary vaethti 6n, intraspecific and/or within
predominant count wunderlined. Notation may be adapted
e. g.3 402,
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TABLE 8

Commomostend i ti on pattefnSoinfbagme)]iescbuding highly mo
dentition
Abbreviations: FD, fixed finger, distal tooth; FM, fi xi
toot h; MM, movable finger, medi al toot h; MP,h;movabl e f
RFA, retrofondal apical teeth. Parentheses indicate se
intraspecific variation. Underl ined indicate most comm
intraspecific variation, indicated.
Fi xed finger Movabl e finger
Ammot r e Rioiedvee * FD( 0 ;FIM 1;FPR IRF) MM( @, 2 ;MP)
Cer omiRbeever, 1€
FDF M( 0 ;FIR{ 5 RF) MM( Q:MP + 2 fl a
(ex¥kdr.ePwsr cel ) ,
DaesiKrdaepel i n,
. , . FD(2,3M 1;:FP 4RF) MM( INP
(Nami beaiwvaenc ¢,
Daesi(aded mi b)siFDO ML 2R 3, 4 RF) MM( 0 ?-MR )
Di nor h&®voiewae , 1FD( IDM( AR 4 RF) MM( INP
Er emobakriadeapee | ! FDB( @, 2 :Fa¥ 2, 3DR( S RF) MM(1,2)-MP
Gal eodSiuchadee valfl FDB( Q;F M( 2;FRP( 3RF) MM( 4 MP
Gyl i pprodwer, 19
_ _ FDFM( 1HR( 4 RF) MM( NP
Gyl ippinae
Gyl i ppidae, Lip
FDB( 0 ;FIM 9-FP MM( INP
Wharton', 1981 ( M3 (Y
Kar schKriadeapee | ? n F D@, 2PM( 2, 3R 8 RF) MM( 3 MP
Mel anobl|l Besiwena
FD( B M 4 ¥ P MM( B WP
1933
Mu mmu c i R odeavee r |, FD( 0 ;FIM(, RF P MM-(1-2 MP
RhagodRadaeck! 1 FDFMFR( B RF) MMMP
Sol pudiedae, ( d4d8¢
_ ¥ F DO, M 1;:FPf 4 RF) M M-(1-3 M
Sol puRo dwer ) 19
Sol pugSdalapu)yi ba FDQ, 2;FM 2, B3F P( 4RF) MM( INP
%arger number of secondary tee$SddmuacMimmaingl DUt wirtelsent
FSD, t wo FSM, up to PweudMsSdh a(dPblf & elcdoxk),, 1899) with FE&
present, up to three MSMPE Mudac | el®¥iRe e dbbi, | d B 4 2whi) t, h
FSD presé&’sM, (Mowma, 197 Not hD Mafgiagy.,, 3119)7.6 partly charact e
absence of MSM and iF8D, c M@EdMapirreessce nitn present study (Pl
147G, H).
A's per specimens examined (Pls. 132, 133) and Wharton
‘FSD rarely fHeamns érto,ssé oyRo ekvreae pled@i3nivamd basaki sl e,
1817)G.aschapmaemc¢ond FSM r arBiltyo nperl d sheantoemeeeg. 1935 and
Bl ossi ol a Llaowrgeinpcael pli %35, and MSHI|I oaskbla(arbosesvbetri,atta g . ,
1934) (Roewer, 1934.: 258, fig. 261h, 353 ,fifg.g.2,256a, :
78, fig. 5) . Fi xed (dor sBIl ¢ ssdpi.a g ePrl . STLK 7P r. e sMorstt icrmo nmamome
FDFM( 2BAP; -MMJIP.
‘ESD absent, FEX erneodRimwaexde ri,n 1934 (Pl 72H); second FSD i
e. Hemer ot r echa( Kmaerpgeilniant,a 19 1Hpr ( Pbat 8@ mBha®il®iB89 ( PI
70J, 78C); more than two FSD and FS8FmMeaoéeBeaertkhsangely r es]
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1903 G@man bMu ma , vLO&4d (Qures in Muma, 1951) . Mo s t common
patt er b MFIP. RFA denticles in fondal notch not includ
°FSD rarely @bhseas ,Hilrosgte,; i1911 (Panouse 1964, 52, fig. :
Gal eosdpe.s (Pl . 621, J), up QGaol efooduers M N2 adedoshexrevseld®,7 26 . ¢
(Birul a, 1938: 116, fig. 75a). Number of MSM apparent]|
Ot hoes swahar woene to three MSM (Panouse, 1964: 65).

'FSD absTernitc hidotaovma n c e, 1968Bdseli hgWikagSdOn, nli9Bdp maaga
Purcell, 1903.

gAth|rd FSM usually a |l abile denticle.

"Mel anobl ossiidae includes multidentate species and spe
condition, and considerable interspecifecomdaigttenrthn
e.g., ilhawreemacleega Laowrgeintcaer,sils967 with three FSD, four F

by Lawrence (1967: 7, fig. 4f).

'Second MSM rare (e.g., PITr Rj6iF)]1.03¥e2e0lcdount s in Botero

JRhagodldae: sMMIdsuaIeIp)orted absent in some (e.g., Turk,
nt

S|ngle FSD prese oSBbypubBoéwar t ak@a34nobabl gl so report
speci mensMetfas el gugka apeipcetla n, 1899) ( Whag € mane,tolplis9 8 1 : 67)
Lawrence, 1967 described from one female (Lawrence, 19
Sol puga blbawrcemne,s 1929, with distal most fdeither | ow ar
resembling the two succeediong( Ltaewertehn caen,d 1s9n2a9l:| elr5 6t,h afni gt.
than one MSM rare, Zerilstadbepwietpte,t 1 260814 ,n based on a si ng
di stal most of the two Abeing very small o (Hewitt, 1914
origiwcal pdé®sn but illustrated by Rereiwae rc @HiOr3sdp e 414981, 1 )f i
anderia {®brcioc&, 18S8)pubhpehthemstein, 1796. SOHrmpagaMSM r ¢
bovicdenisa ant(eLap/re ceisl9IID)stwiat M hdirdtlay perZeeptai bl e

f us(c@a. L. Koch, 113B,421)17(;PIlLsawrlelnécre, 1929: 154, 156, fig.
293a) i f three MSM, these are situated on distal mar g
Apparently | abil e dceinatlilcyl eisn cloamneorn ,s teasgpee j uvenil es and
Sol pumatbtaer n based on juveniles and di-cEai @hmh.g apparent
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TABLE 9
Bilateral asymmetry in cheliceral dentition (sec
Abbreviati ons: FSM, fixed finger submedial toot h; MS M,
teet h; RF, retrofondal teet h.

Family Speci es SelLeft RightReferences
X

Ceromi (Ceroma iPuecmél , 11 1MSM2MSM Purcell (1899)
Roewer ,
1933

Gal eodiGal eodes BRobgbahkpys!l 2MSM3MSM Pocock (1895a)
Sundev:
1833

Gal eodes bBacrturliaantl 1MSM2MSMBirula (1937a)
Gal eodes “Twrcka,0 nl %61 2FSM3FS™M Turk (1960)
1MSM2MSM Birula (1936a)
1MSM2MSM Muma (1970b)

Gal eodopsi(8isutancl

Daesii (Neocl eobi s( Bsaonlkist,a tll
Kraepel
1899

Sol pugiZeri a( Hiorgt, 1907)I 1MSM2MSM Si monetta and Del
Leach,

Zeri ass’®imameitita | 2RF 3R¥ Simonetta and Del
1968
%additional tooth indicated as fAvery small o or fAminuteod
" f absent, space of third tooth |l eft open
‘hol ot ype
IN= 8; asymmetry in six specimens; two specimens with t
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TABLE 10

Variation in patterns of dentitidn in Solifugae based on
Only teeth which could be unambiguously identified wer e sitnrcucutduerde i (nf Itahreg
etc.); Amm, ARumwearec hD@3d4e DKireasdp alaijenEr 889 8r Kmalkaoteil JamdgD188DBxed finger, di s
fixed finger, medial tooth; FP, fixed finger, proxi mal t ootGn;l e®&D,d afei x e d
Sundevall Gyl83 &ERddweri,dak®a3d3d K&rachpiecl dadi p8902i Whohaprmhtagn;,n aMeNI8,1 Mel anobl ossi i
Roewer,, Mu3n3 MumRhaewédaeMM34 movable finger, medial tomdthh; M&M, moowaahbllee ffi
submedi al toot h; PF, profondal teeltehgcRRF,18®2%5rofondal teeth;

FamSpecies MM MSM MP FD FSDFM FSMFP RF PF N Citation

Amm Ammotrechel |l @CgleniKadhla 1 1 1 1 0 1 1 1 4 4 1 1 Mauf $982)

1 1 1 1 o0 1 1 1 5 4 11 Maury (198

Dae Bi t(Bnt)poass{ Busul &, 190!'1 1 1 1 0 1 1 1 ? 34 11 | Birula (19

Bi tBint onisshes kolVBii rkwolva 1 1 1 1 0 1 1 1 ? 5 1 Birula (19

Bl ossi a pWharitcaur,sor981 1 1 1 1 0 1 1 1 3 9 | Wharton (1

Bl ossia Wuapuormra 1981 1 1 1 1 0 1 1 1 3 12 | Wharton (1

Bl ossi aWwhraorotiocna, 1981 1 1 1 1 0 1 1 1 3 3 5 | Wharton (1

Nami besi dawalehicda 1962 1 1 1 1 1 1 4i5 25 11 | Wharton (1

Ere Eremochel i § Muomhotlansg) 1 12 1 - - - - - ? ? 12 1 Muma (1951

Gal Gal eodes 8etulasud4937 1 34 1 1 0 1 2 1 ? ? 1 12 Birula (19

1 3 1 1 0 1 2 1 ? ? 9 | Birula (19

1 2i3 1 1 0 1 2 1 ? ? 71 Birul@a37a)

Gyl TrichotomRoéwseca 1941) 1 17? 1 1 1 1 iz 1 516 ? 4 Wharton (1

Trichotoma MKcaapeélsCem 1 1 1 1 0 1 oi1 1 618 ? 4 | Wharton (1

1 1 1 1 0 1 0l 1 561 2 6 | Wharton (1

Mum Mummuci a i biCaaperihsos tet 1 1 1 1 0 1 1 1 5 3 16 | Carval ho e

(2010)
1 1 1 1 0 1 1 1 5 2i3 3 | Carval ho e
(2010)

Mummuci n&Gomuerd ez Reyes 1 1 1 1 1 1 1 1 47 3 18 | Gonz§8l ez R

2013 ljuv. Corronca (

Mummuci na RioessehackidB34 1 12 1 1 o1 1 12 1 517 24 61 | Bot efmaj il
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(2014)

Mummuci na RioesehackdD34 1 1i2 1 1 12 1 2 1 617 3 81 Bot emraj il |l
(2014)
Sol Met asol pugKa apeipcetla n, 181 1 1 1 or? 1 1 1 ? ? 18 | Whar {&@881)
1 1 1 1 or? 1 1 1 ? ? 18 | Wharton (1
Sol pugi st(aKrhaaesptealfian, 1¢1 1 1 1 1 1 li2 1 4 3 4 Hewitt (19
Sol puge ma glLeanwrceonrcnei,s 1¢1 1 1 1 0 1 oil1 1 ? ? 13 1 Wharton (1
1 1 1 1 o1 1 1 1 ? ? 6 | Whar {&@881)
Sol pugi baCl LnedKbah, 18 1 1 1 1 113 1 2i4 1 ? ? ? Wharton (1
Sol pugi sf{d alwreamlcer, 195 1 1 1 1 1 1 2 1 ? ? 12 | Wharton (1
1 1 1 1 or1 1 1i2 1 ? ? 21 1| Wharton (1
Zeriass&rhepedan, 1913 1 1 1 1 0 1 1 1 3 2 9 | Si monetta
Cave (1968
Zeriass@ai mamgtiia and C 1 1 1 1 0 1 2 1 213 2 8 | Si monetta
Cave (1968
Zeri ass a( Rauvsepsoil,i i1897) 1 1 1 1 0 1 2 1 ? ? 12 I, Simonetta
Cave (1968
°Studies that base species identifications on the Anumbeasoonfi nignt eTrem e inaotl
is retrospectively assigned based on descriptionsaanonksi gar ¢beppoesead
AsDaesi a Biossliaa 1905
‘Tot al of three to six secondary teeth in FSM plus FSD.

‘AsTherobat esMwmd ,o blag &

*Second r
'AsSol puga

etrofondal t
orniHeé Wior h.y n

Is
o]
t

0
)

t
a

h
4

Hasmael |l ifeet bwed
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TABLUHA

Al ternative interpretations and t erEmisnadoongya of the f|
Kraepelin, 1899 )
Abbreviations: 1A, primary; 2A, secondary.
1A flagell2A flagelluDorsal hornlReferences
flagdA)l um | amel)l e crochet fix¢E. fundSilmoat:a 18
profond®mentSi mon (1879: 12
fig. 21)
|l ame transflagell um n. a. E. kab(iSiimoma® 1 ¢
Simon (1879plt at
fig. 24)

FIl agell um das Pl2a@ttchHorn des do¢Kraepelin (1901

Chitinstabdas Pl2ttchHorn des do¢Kraepelin (1908
Fl aggllum (FI agégl | um

flagellum vertical | ador sal horn Hirst (1908: 24
un proanisq pl aque SBrensen (1914:
flagekbum, einem durch Birula (1913: 3

hornaytig senkrechten

Haken flagnél | u Hor(mr ocessusBirula (1935a)
flagell umplrost)ralis
un fl r h Birula (1938: f

ViertelkreBl 2@2schenfl aGabel haken/ Roewer (1934)

Chelicerenfi
| ame Panouse (1955"

Viertel kreBl @2seFilleangel IFi nger i st (Pieper (1977)

Fl agel |l ar arEangaimedi radcon, 1879) di ffers from that of
Eusi monlitaee arched structure situated dorsomedially on t
Simon (1870a: pl ate 3, figs 23, 24) , is termed the f1l a
not mixaed in the present study.

Panouse (1955: 346) did not provide a specifuinc term f
organe egal emerPtanmatlsiel 1956, 1957) regarded this as t
Roewer (19Bdj)onNaiserttheel kr eesmer he considered misleading.

o]
h
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TABLUR
Morphol ogy of the flagellar complex in genera of Eremobatidae K9%9:Ekpelin,
1989) , Brookhart and MumBr oaRBEA)t BeROOEBharBrao®Bhart and Cushing (2008
Abbrevipuws dmrsoventral vsfusbdestraal sfelt agel | ar seta; fg, flagell a

Genus dorsal pdEventralpwderivfs pvsd groove structgroovegroove

posnti
Chanhbwuima homogeneohomogeneous;undi fferent absent n. a. n. a.
1951 striate, pl umose; el «

flattened

Eremobatcthomogeneohomogeneous;plumose; <co di stinct promedl ength
Banks, l1¢simpl e, tpl umose; el«fl attened:; t o fin r
someti mescover basal proven
Eremoc’helhomogeneohomogeneous;plumose; en deep narrow <promednot to
Roewer , Isi mpl e, tpl umose; el «f I at tbernaendc h(i caribmangfrhoupt o finger

cover basal group), not di stinct, enlproven(Mranchi
conspicuous with diesaiinoe group);
enl arbgeldo b(a 1 bil ogatowy ) ; of fing
anidmp e rgiraol uif indistinct sc¢ bil omat
(i mp e rgiraol ui ps) i mperi a
groups)
Eremocosthomogeneohomogeneous;undi fferent deep oval cotprovenshort,
Roewer , ‘unmodi fi epl umose; unit ventraextendi
retrovbase
Er emor hathomogeneohomogeneous;undi fferent indi ol how o ventranot ext
Roewer , /® ‘simple tuplumose; uni provento base
simple tubul
Eremot hetheterogenhomogeneous;undi fferentsi mpl promedshort,
Muma, 19'%i ncl 2 fplumose; sh tubul
Hemerotr¢chomogeneohomogeneous undi fferent absent n.a. n.a.
Banks, l¢theterogen di fferenti a
can be
subspinif
‘Muma (1951: 53, fig. 46); Brookhart and Muma (1981: 291, figs. 2, 3).
AsTher obvutmas 1@85Muma (1951)
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TAB LUE

Components and types of flagella in Solifugaethased on
present study )
Abbreviations: 1A, primary flagellum; 2A, secq
Taxon Fl agel l urStalk Base Shaft
Li pophahiamdaen, 1981 absent n. a. n. a. na.
Er emob akiriadeapee | ilmvheh8seti formn. a. n. a. n. a.

present)

Mel anobl Resiwenpael93 setiformmn. a. n. a. n a.
Di nor h®oiewze , 1933 sessile n. a. n. a. n a.
Gal eo dSiuchadesval | , 183 sessile n. a. n. a. n a.
RhagodRadaeck ,( 11A8%7 2 sessil e n. a. n. a. n a.
Kar schKriadeapee | i(rexck®9sessil e n. a. n. a. n a.
Kar s &Mai aer), (11889& 2

CeromiRbeever ,( elxdIc8l8.eu compositepresent present presen
Purcel) , 1903

Nami beawanenceSyrnd&Hescomposi tepresent present presen
Maury, AmMn80r eRbewe s,

1934

KarschKadagehi a compositepresent present presen
Hexi sopPdcdalk, 1897 compositetpresent present presen
Sol pudiedhaéh, 1815 compositepresent present presen
Gyl i ppbewer, 1933 compositecabsent absent presen
Ammot r e Rloiedvae e |, 1934 compositepresent present absent
DaesiKrdaepel i(mme mb8®a¢écompositepresent present absent
types)

Mu mmu c i R odeavnee r 1934 compositepresent present absent
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anterolateral
propeltidial

lobe

A

median eyes

fixed (dorsal) finger

paturon fixed finger
median series F\

fondal
series

M
movable flnger
medlan series-,

movable (ventral) finger

granulation

_granulation ... -

stridulatory
stridulatory: plate
ridges

Fig. 1. Sol pugi dae Leach, 181 %,Zefreamal lea wer heenlci
(Roewer, 1933), I ( NMNW 13820) chelicera and
attachment t o propeltidium Vi a chelicerop
cheliceropeltidial condyle (visible as pale
metmr anB,. Sol pugassa(Kuaepdleirm, AMRBO 9)L P) ,3632]
chelicerae,B)rearrd)latCQIravtleer(V\asl. (Grey shading de
areas. Abbreviations: cpc, cheliceropeltidial
me mbr ane; ecpca, external cheliceropeltidial
di stal toot h; FM, f;ixFePd, ffii xgeedr ,f immegdeira | ptr oooxti me
finger, terminal toot h; MM, movable finger, r
toot h; MT, movable finger, ter minal toot h; p
prodor sal di st alarmnaar;gipwv darf, g etvesd r al di st al
ric, retrolateralrljpectetdognatalalcopdygkemal cl
ventr al digital pl agula; vmp, ventral manus p
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flagellum

T

fondal
margin

interdigital foramen

fiam

ric

viam

Hexi sopodA)d aedhade s ¢ orcddacep el8iy) , (18RI i cer .
i gital articulation and attachment S|
AdHe xi sopus( d.aln.atkiosc h, 1942), I ( NMNW 10
, ventr al view,i kiel duesnttriact!li ens®® .Bitot\{d.@psfe boefa
md qquraou p ) , Il ( NMNW) |, Nami bi a: Wi ndhoek,
tral) fingeAhbrreviratliadres:al FM,i efwi xed finge
er, proxi mal toot h; PF, prmfffomoalabteef hn
dal set ae; pic, prol ater al interdigital

me mbr ane; niead,al retnelrai gi t al condyl e; vViam,
membr ane; vdp, ventral digital plagul a; vmp;

S5 35 D -
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| pugiAJ ae Daelsc & edpaeel8i(By,, (1ahd9 Ammotr ech
3Z£héliceral attachment t o propel ti
l'y obtuse angle formed by ventral m
a | dwoeweed |, 1933), IB.GNMNWa 188¢2 8¢9 al
: 1817),C.No{ AMNHgaAMPwBWOE] 976, (£
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Daesi i dagmrmKatareg@eH @ INIRO ddP@eDOf, s ABI3 4,
el tidium, dor sal Vi ews, il 1l ustratdi
AMNH [ LMB.I106AMNH .[LP 10673]).
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CL/CH ratio CL/CW ratio AJ/CP ratio

(A = sum of pedipalp, leg 1,
and leg IV length)

! FFH:
' (unmodified:
finger)

CH!
5 a&

FN ratio (FNL/FNH)

and FH/FFH ratio CH/FFH ratio

Fig. 5. Solifugae, cheliceAi€@lLamaanau ke mewnst esd
measure cheliceralki xleedngtdor(s@uU)). finger, apex
condyl e, retrol ateral vi ew ( Muma B.Fl 9%51ld; fB rnogoek:
apex to anterolateral propelctti dliiane | (olbien ea nit)e rc
l ongi tudi nal axis of chelG.eexad(fFingeii})p pe
anterior mar gDnCL/dCdHr sraalt i voil &(oh posuodns,| B9 G 1CaN .

rathA/.CP i ndex (Brookhalr9t8 7a n dMuNnamaa,n d1 B&l1lo,0 k har

Fixed and movable (ventral) finger l engt hs f
center to (applicabl e) HiFNgerrata poe x(,FNLe/tFrNoH)a t e

not ch L/ W ogenFBNnr orokthiaaMu mand 198 1, 1987) and

Brookhart (198 &)e,n B lo/okWar atiamd Cushing (2004
index (FWrHF&wW)okhart and Cushing (2004), base
(FF/ FN) of Brookhart and Muma (1987) . ,swwithed
Abbreviations: CH, cheliceral heighopelCLi dicthn
l engt h; FFH, fixed finger width; FFL, fixed f
not ch l engt h; FNH, f ondal not ch; wiidc,h; r eMFrLo |
interdigital condyl e.
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Fig. 6 . Hexi sopodi dApe aPRPodcovek,andBRdFdss(ii dae F

Mel anobl oBsi imoadei f(i ed cheliceral A iHexersoppBsce
pusildwrsence, 1962, I ( NMNW 1142 ), il lustrat
fixed (doBsavell)anfoibd gpesrs.illa ( AMNH [ L 9857] ) .
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Fig. 7. Eremobati daAe B)Kr a&@lep u qii, d ale80Q)9e a(@md 1 &
Ammotrechi dae RD)ewecrhel L8844 al( shape modi fi cat

comparison of fondal notch AanandcediedBiD) hat e ha
vi e msEr emochel i s (avhudmae a shadnea@ §  PAeMNH) , shall ow f
notch, Il lTustrating proxi mal positionpB. relat
EremobatesMbma a&adrookhart, 1988, Il ( AMNH [ L
not €S.ol puge ma (dRorcbacakn,a 1895) , I (AMNHNQLMedT @
notch situated within mediBmBraache a Mwbngalist usn
1951, I, adapted from Muma (1951: 136, fig.
within median series dentitional Abbpoéetwi atFiMg n s
finger, medi al t oot h; FN, fondal not ch; FP, f
submedi al toot h; MN, medi al not c h; MPL, movab
medi al toot h; PFP, prof ondaldapr cxibmeldi tad o tto;ot
profondal Ssubproxi mal t oot h; RF, retrofondal
RFSM, retrofondal submedi al toot h; RF P, retroc
process; VN, ventral notch.
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p—

ype |,arabs type

Type |l, araneoides type

C
~—
Type Ill, medusae type
D
— —
_q—-:
=)
Rhagodidae
E

— L <
T =< =
I G

Eremobatidae

Fig. 9. Gal eodi daeAiCpundRehvaaglold,i dh@&33BPpLfoakd 1E¢
Eremobati dae KrEaepenoidnfi @89@eheéel i cArGall eotdreisd u |
spl (AMNH [LP 11204ajb)spet)y meetlael( I nset: apex of
from Cl-6bdmpeygn and Constanti noBuPgri®d@all: e 03d6ebs,
nest eBiorvdl a, Il (1AMNH [ LP 748@f anedtiygpees) | Bef ae.
Gal eodes medis ald 9 aO0y,pnee dlulstayefd e ) setae, adapted
(1960: 11b,Rhfaiggp.d ed4 maRoterwecro,|] oll9 4(LAMNH [HE.P 5435
Eremocost(aMuma,anliS51), I ( AMNH [ LP 5035]).
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T o

Gyl i ppi dae Roewer, 1888) | bppag
1981 I (NMNW 11601), <chelice)
ssii dae MeRloenwelrl,old&sb 8 himlelspdsi(aNM

teunface, pBlumose setae (
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Fig. 11. Ceromi dd#de ) Baewle rEr enbdAt({ dae, Kaepel

chelicera and propAl)tCdndmprBpdod abbewg)] (Il us:i
prodorsaA, sBéeéra@ema iPnuercned | , 1899, I CAMBDH [ LI
Eremobat es iBrkooopkahearrsti s& Cushi ng, 2005, par aty
Abbreviptdpopsodor sal ppropid nparlo meelt aé; proxi mal
setae.
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Fig 12. Daesi i dak Kalé¢ pelgi dael 8 ®)@,clichell8ilcse r(
movabl e fingers, prol at eA.8l1l os s ews slpd inri @maaen,a b i
1928, Il ( NMNW) , Nami bi a:B.SM Inpduhgpgelka (INARARMNH . [
10764]) . Circles represenmpdemaVvabloekeitsge®@Abb
setmpm movable fingempyvpmomeadbia&l f3eatgee,;, prove

25



TR o 3 50.0um
B e T o T B T A I

Fig 13. Sol pugi S8a@lep uLgeiabcall Cl. illn8elakt pac h , 1842), I
13814), cheliceral movable finger, prol ater a
prodorsamppetdest(ally direcmpth, pramnme dvieannt r ® el t
directed promegnA);alclsoesteauept @If adriesa aill Isuest r at i r
mpdseta and mo dmpfvs etdt aBed;i 6 aald cl oseup of socke
subapmpwét a with distal Cy. dArrecaws di n disatte oap
set a Abbreviati ons: MP, mdbDablmovabhegerf,i ngro
tooth; MSD, movable finger, subdistal tooth.
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J principal rif
° /

rif
rif,

rif

Fig. 14. Daesiidae Kraepelin, 1899, <chelicera
some Isfet.aAe Hemi bl os si laa werteonschea 1927, Il ( AMNH
il lTustrating radsfertaaneg ernbewnst, oafnd dor st tydBesi t uat
Bl oscfi ar g o i(ldANaMN W) Nami bi a: Gon dSviNeArPg GGa t en GR &
il lTustrati mdafmun moodpiirffiineedisfea la e . Ab brmefvri eatt ri lnast: er
fingerrilsmrae¢eyol ater,al manus setae
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Fig. 15. Gyl i ppi dae Roewer, 1e888) |
Wharton, 1981, Il (NMNW 11601), c
il lustrating retrolrd)ypentl sptari mal
Rectandliedicat eBs. area in

il

25
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fingers,
prol ater al

Karschiida®res ddnima p el gBoifreull 89, 9,189 0, Il
cheliceral

prol at
flange
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Fi g. 17. Eremobal83dép,( KEakpebgidae BLeacahnd 18
Gal eodi dae Sun@e,yvalkhgegAhil88mBd ({i xed (Bd,oy €al ) 1

retrol ater al Vi ews, indicating, pBtaednsleocf eas
number of FSM tG AFEDr r tise et deMu(ania , 1989, I ( DN
ZA. 176B.Gal eodes af(®ankbandes 1772), I ( AGNH) , T
Sol pugi bdg ClL Lne &toa h, 1842), I (AMNH [LP 5919]
finger, subdistal teet h; FSM, fmoxveado | £1 nfgenrg, e
submedi al teeth. Arrows indicate |l abile denti
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LA)acadand 1Belr5r, a nSooil ipnBgg nRee W

Fig. 18. Sol pugi dae
chelicerae, retrol ater al uinamb,j guouvslsy r deifrog
excessively wArnamdcnseéembngl(y deformBepd. or W C
Sol pugel |l Boawera,t i T@33B.Fér ( diudil & arwo einscteg 195 4,
(MCzZz 126329) .
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Karschii cEGaes i Koiawieddiuh a, 18935,

(A

helicerae, retrol ateral Vi ews, i ndi c
finger, di st al toot h; FM, fixed fi
, movable; fMPgemovmbtealfi hgeth prox

variable teeth.

26



Karschii Easi oae@Beldiuiranad935,
helicerae, retrol ateral Vi ews,
finger, di st al toot h; FM, fixed
movable fimgwab!| enefdimdgert,dopgrbonsiMig |
variable teeth.




Fig. 2 1. Mel anobl ossiidae RoMenvean o bl 3F35,i a Meblre
Purcel |, 1903, I (AMNH [LP 1B)73a@hd, pcBhkeaieera
Vi ews, i hgipoathiesg ze dA) deemtdi t posi t(i on of flag
Abbreviati ons: FD, fixed finger, di st al toot
finger, proxi mal t ,osoutbhd;i sk @D, tfoioX end s tFoSmMg @ irfail x e
toot h; §ST,i,sywdXxer mi nal toot h; MM, movabl e f
movable finger, proxi mal toot h; MI R, senbvi bt @
flagellar complex. Arrow indicates most pr omi
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Fi g. 22. Kar schi i(d)aReh akgroadel pdeal ei nP, 0BcloBcBk®,l plu&9d d a(e
Leach, DIl&Mmtno{rechi dae RHewemal el of3d4agEel | a, sch
sectiAgnsB,] DandE | ongi t @dionfa lAy hsaefictt aBy @) I ubu I(bous
bas® (and attackmenaf tporn nRodwk54,( 19i3gls. 1BB3 c,
143A 158 Karscl)tai betHamat , B 19RBRAagodi ma nigroci
(BernardD.Z2893) { #nicoek ,E.QI89&9¢ ol aRogeowreerz,i 1932
Abbreviations: a, atrium.
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500 um

l i ppi dae
81

oal nadt ep red)
agell ar

genal t oo
epgraecyv, e nt
form f|

Roewer, 1888) |l bppaphagnuga

, I (NMNW 1160 14), aocmhde Ifilcaegrea,h | apr o

Vaeewsal i ndicating stridul a
compl ex. A bnberdeivailat i oomtsh; N
t h; MS b mend v afbvi secbpri da\geenrt r a
rak (dpsumbse)et pic, prol a
el l ar compl ex.
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1.00 mm

flagellum
(bulbous base

flagellum =
flagellum (bulbeus'base)
(shaft) 4 A
> :

>
-

-

stridulatory plate

500 um

flagettum-{shaft)—

P 7
"

..+ flagellum =
(bulbous base)

|

Fig. 2 4. Sol pugi dae Leach, 1815, chelicerae
prol ater &l Bi, 9 wbs, m&n u s, pr€&€) atamal awypieaw of fl
prol atebDa, ivmeéiwcdti ng dAt r iDdawlda tf dBrayy &3,) Akan BE (

Sol pugi ba( d.iLneaKac h, 1842), Il ( NMNW 13814) ,
processing for scanning electron microGcopy.

Zeriassa c(URerceoel Hij s(INGONON ,1[3,8 8Be)r.i a § nicoe &,

18974W)(,NMNW 13800) , bFuM ebtoausso | bpaudgda.r ape pecet lai lin,, 189¢
Nami bi a: Gobabeb, apex of flagellar shaft. AL
FMfixed finger, medi al toot h; FP, fixed fin
subdi st al toot h; FSM, fixed finger, submedi al

MSM, movabl e fiﬁgepv,dSpubomeeohitarlaltoddtsrt;al set ae;
Arows indicate sutBreC,abduphbhatis base (
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bulbous
base

flagellar
groove

bulbous
ba

Fig 25. Sol pugi dae Leach, 1815, cheliceral fl
bul bous base A, )Basmhoqg®@lggbbud bous baszZerciaar i na
gl a

bri(cloawmriesnce, (APMRB) [LFP 3614]), with retro
visible throughB.%olamwssppalr,& nit (bAUMNH C[L.SLoR pluOg7ebra] ) .
brachy¢kawsence, 1931), I (AMNH [LP 1960B]) .
groove progcenuc;rom organ. Arrows indicate exte
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cheliceropeltidial
articular
membrane

—

cheliceropeltidial % ”
foramen %

Fig. 26. Mel anobl ossiidae RoMevlea n o blk9p3s3s,i alMe |
( NMNW 13396) ,A)claeldi cserta fOorm BiCagepltalattcempl e
Abbreviations: FD, fixed finger, di st al toot
finger, proxi mal toot h; FSM, fixed finger, S u
toot h; MS M, movable fmpdemovamgmedipalodbostah,;
mpm movable finger mpwomedahle sketager provent
prol ater al i ntpevgd proakentcoaldy pa,d dprsda \aé n tsreatlaed
setatgcsetiform flagell ar c oamplseext.i fAorrrno wisl a gnedli |
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Pl ate 1. Gal eodi daA&) , SuShod epvuaglild,a e 1B3LI@3A € § i, i dla8el 5
Kraepel iG Mulm8nu® i ( dae RdDpweHex188po@di da®® , Pococ
Rhagodi dae PoRRock,abl3ARABale@odm.5,e .1 , TurBey: An

Zeria ¢$eocoeda .l ,1Nahpi He mi. bl op.s,i al , Nami bi a: Sp
D.Gaucha fMesldiedttaxo, B.9124j sédpus |, Nami bi a: G
Caffon PBh&godsoppa, I, I ndia.
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Pl at def2i sopodi dae Rpco&EkemdiB&T7i dae Byr,aeapred i n
Sol pugi dae Le&Cach,chéeéBiLlber(al fond and Anterdi

Hexi sopus( d.an atkuosc h, 1942), I ( NMNW 10795), mc
Vi eBEr emobapel pi sFetchlteessyus 1941, I (DMNS ZA. 156
area, prodiCs$al puwipd va. I (AMNH [ LP 10764]) ,
attachment t o patur on, retrol ater al Vi ew, i
Stippled | immeabhei dainger, prol ater al i nterdic
fixed finger, di st al toot h; FM, fixed finger,
PF, profondal teet h; PLDP, prol ater al dent al
retromeddal toot h; RFSM, retrofondal submedi a
toot h; RFA, retrofondal apical t eenf,h ;moRRADRAR,e r
finger fondal set ae; fi am, fondal interdigi
intealdigondyle; ric, retrolateral interdigita
membr ane; vdp, ventral digital pl agul a; vmp;
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& S0y : _.ecpca

eyespot " A
chelicera [ e
- eyespot

basal
apodeme

b

apodeme

basal
apodeme

cpc

cheliceropeltidial
foramen

basal
apodeme

cpe

cpam
(largely removed)

Pl at e 3. Sol pugi dA)e anedac IkRhaglo8dlicbdda é BiFpc oc k,
cheliceropelldatidmli art g Rroewee |, 1933), I ( NMN
cheliceral attachment t BiFpRhoagped deasdi @l a N vag re,r
180,7)I ( NMNW) , l srael : Agur Sands, cheliceral
vieB) (and chembevedafrom propeltidium, retrol a
area of a€t;i cudaltatoer 1 Vi ew, membr ane that ¢
attached G(prolater al proxi mal Vi ew, articul a
condyl e, fcohreamecneraand b aks,alH adpoordsearhe v(i e w, il 1 us
projecting F,©QtlI cAlbatresrvalaltyi o(n s : ecpca, external
attachment; c¢cpam, cheliceropeltidial articul a

Arrsow ndi cate position of cpec.

27



Pl ate 4. Cer omi dA)e, R®eelweadi dlae3 3By n dCe v&yllli,p pl &3
Roewer, 1933,D) Gy laingp i Ehraeemo(b at i d ake, )KF acpell ii ner .
fixed (dorsal) Ajn8e)y DandtepahiddEvakwsg, 11 usH
asetose area curving around bta)sh(s)Bbrratouhd
base of fC) agappameft origin of Df)|] aged| sent ose a
reduced to narrow strset ane tshi tfu aatgeed |talre rceocimp,|l e
reduced to narrow strip, situated ahdgiwith pe

situated in fondal notlfh . Geurto nmao tiPnoenc mdslet o5& 9 &,
(AMNH [LPB&4aPkBDbpYUesdagRaleloas, 1772), | (AMNH),
C.Gal eodes Somowmi 4B8i7 9, I ( AMDNBY I[ ILiPpaudsé @ V)] ) pp us
mo n o c eWelrsner , 1905, I ( ABMNHEr[elmPP b &8483 ] )c.hi hua
Brookhart & Cushing, 2002, h dolroetvyipaet i bn 6§ DMV D,
finger, di st al toot h; FN, fondal not c h; FM,
proxi mafFcpddtahg;el | ar c¢complfesxs fpll aagmeolsliea rs ed amariel) e X
setakfretrol ateral finger setae.
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