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Abstract

Mouse spiders (genus MissulenaWalckenaer,1805)arealineageoftrapdoorspiderswithmalesofmanyspecieshavingabrightly
coloured red cephalic region, an abdomen that is tinged metallic blue, and the habit of wandering during the day in search of a mate. 
Atotalof17speciesofMissulena havebeendescribedinAustraliatodatebutmostdescriptionsarebasedexclusivelyonmalesand
always small numbers of specimens. Here, we describe three new species of MissulenafromthePilbaraandGoldfieldsregionsof
Western Australia based on morphology and genetic data: Missulena davidi sp. nov. (male and female), M. iugum sp. nov. (male) 
and M. manningensis sp. nov. (male). One of them is presently known only from its type locality and another one from a small range 
based on two specimens but M. davidisp.nov.hasalinearrangeofalmost300kmandisgeneticallyhighlystructured.Weuse
geneticdatafor75specimensasafoundationtoevaluatemorphologicalvariabilityinthisspeciesandnotesubstantialvariationin
severalcharacterscommonlyusedtoidentifyspeciessuchasbodysize,colouration,rastellumshapeandeyedistances.Thisvari-
ationdoesnotnecessarilyrelatetophylogeographicstructureasinferredfromthegeneticdata,butratherseemstoreflectnatural
variabilitybothwithinandbetweenlocalisedpopulations.Overall,ourresultsstresstheneedtoevaluatealargeseriesofspecimens
formygalomorphtaxonomyandprovideaninterestingexampleofintraspecificvariabilityinhard-to-collectspeciesthatareusually
underrepresented in museum collections.
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1. Introduction

Mouse spiders (genus Missulena Walckenaer, 1805) are 
a lineage of trapdoor spiders from Australia and Chile. 
They are ambush hunters and build burrows that are 
lined with silk and usually sealed with one or more lids 
(Main1956).Atleastsomespeciesareknowntoballoon,
whichisaratherrarebehaviouramongstmygalomorph
spiders (Buzattoet al.2021;Main1956,1976).Unlike
other trapdoor spiders (Mygalomorphae), at least within 
anAustraliancontext, themalesofmanymouse spider
species have been recorded to wander during the day
in search of a mate. Possibly correlated with this diur-
nal activity pattern, they have striking colour patterns,
such as a red or orange cephalic region and metallic or 
iridescent patterning on the abdomen (Framenau et al. 
2014;Harms and Framenau 2013;Miglio et al. 2014).
Femalesandjuvenilesarenotascolourful(Fig.1C,D)
andtheircrypticburrowsusuallyhaveoneortwofloppy
lidswithout trap lines,arecoveredby loosesilkon the
inside,andusuallyconcealedinleaflitter(Fig.1A,B,E).
The bright colouration of some (but not all) male Missu-
lena setsthemapartfromtheircloserelatives,theAus-
tralian funnel-web spiders (family Atracidae) (Hedin et 
al.2018),althoughbothgroupssharepotentvenomsthat
areknowntobemedically-significantinhumansandoth-
erprimates(Gunningetal.2003;Nicholsonetal.1998;
Palagietal.2013).Severebiteshaveonlybeenrecorded
for the males of a few species and bites are generally ‘dry’ 
(Isbister2004;Rash etal.2000).Currently,thereare17
described species of Missulena from Australia in addition 
toonespecies fromChile (FramenauandHarms2017;
World Spider Catalog 2020) although many more species 
are known from Australian collections, particularly from 
the arid biome of Western Australia (e.g., Castalanelli et 
al. 2014;FramenauandHarms2017).

Species delineation in mygalomorph spiders can be 
challengingbecausemanyspeciesaredifficulttocollect,
morphologicallyconservative,andthetaxonomicframe-
workforspeciesidentificationisoftenpoor(e.g.,Bond
andStockman2008;Cooperetal.2011;StarrettandHe-
din2007;Wonget al. 2017). In thecaseofMissulena, 
most species descriptions are several decades old (e.g.,
Wormersley1943)andhavereliedonsingleorveryfew
malespecimens.Femaleshaveneverbeenadequatelyil-
lustrated and diagnosed. Therefore, almost all diagnostic 
characters used to distinguish species, such as the shape 
of the pedipalp and embolus, or tibial length/width ratios, 
aretakenfrommales(e.g.,Faulder1995).Speciesdistri-
butionshavebeenverydifficulttodelineatealthoughthe
recentdescriptions(HarmsandFramenau2013;Miglio
etal.2014;FramenauandHarms2017)andcomprehen-
sivegeneticdatasetsthatweregeneratedaspartoflarger
DNAbarcodingprojects (Castalanelli et al. 2014)have
suggestedthatmost(butnotall)specieshavesmalldis-
tribution ranges. 

In this paper, we describe three new species of Mis-
sulena from central and north-western Western Australia. 
Two of these new species follow the “typical” pattern of 

rarityinresearchcollectionsandtaxonomicdescriptions
that are based on a few males from single localities, al-
though the morphological descriptions are backed up by 
a molecular phylogenetic framework. A third species is 
interesting insofar as it seems to be widespread across a 
wide area in north-western Australia, is morphologically 
andgeneticallyvariableacrossitsrange,andcommonly
collected. We use Missulena davidi sp.nov.notonly to
document female morphology based on a large sample 
sizeforthefirsttimeinthisgenus,butalsotoassessmor-
phologicalvariabilityoftaxonomickeyfeaturesinlightof
asoundmolecularphylogeneticframework.Aqualitative
description of the morphological characters that are rather 
conserved versus those that show substantial variability
within species will aid future species descriptions.

2. Materials and methods

2.1. Molecular work 

Therewere89Missulena cytochrome coxidaseI(COI)
sequencesavailableonGenBank,producedbyprevious
studies (Castalanelli et al. 2014; Harms and Framenau
2013; Framenau and Harms 2017). These sequences
were supplemented by 78 additional Missulena speci-
mens from the Western Australian Museum, producing an 
ingroupdatasetof167specimens.Thesespecimenshad
DNAextracted,amplified,andsequencedfollowingthe
protocolsoutlinedinHarveyetal.(2018).Sequencesand
analysesweremanaged inGeneiousPrime (Biomatters
Ltd).AllnewsequenceswereuploadedtoGenBankand
are listed in Supplementary Material 1. 

The167Missulenasequenceswerealignedwithtwo
outgrouptaxa,aspecimenofActinopus KY017543 (fam-
ily Actinopodidae) and a specimen of Atrax KY017748 
(Atracidae).Recentphylogeneticstudieshaveshownthat
Atracidae is closely related to Actinopodidae (Hedin et al. 
2018).Thefinal169sequenceCOIdatasetwasaligned
using the MAFFT plugin in Geneious Prime (Katoh and 
Standley2013).AMaximumLikelihoodphylogenywas
built using the RaXML plugin in Geneious Prime (Sta-
matakis 2006), using the GTR+G substitution model,
with 1000 bootstrap replicates. 

2.2. Morphology

All specimens chosen for morphological study belong to a 
monophyleticgroupcomprising70specimensthatwasre-
coveredbythephylogeneticanalyses(Fig.2).Withinthis
group, one large monophyletic clade from the central Pil-
bara region (here recognised as a new species, Missulina 
davidisp.nov.)wasgeneticallyhighlystructured.Three
specimens from Mt. Ida (2 specimens) and Mt. Manning 
(1 specimen) performed as the sister-group to this clade 
andarerecognizedhereas twodifferentspecies,M. iu-
gumsp.novandM. manningensissp.nov.,respectively.

http://www.ncbi.nlm.nih.gov/nuccore/KY017543
http://www.ncbi.nlm.nih.gov/nuccore/KY017748
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Weselected26adultfemalesand12adultmalesofse-
quencedM. davidisp.nov.fromacrossthespeciesrange
and assessed a total of 34 morphological characters, four 
ofthesequalitative(e.g.,bodycolouration)and30quan-
titative(e.g.,bodymeasurementsandspinecountofthe
rastellum). All specimens are deposited at the Western 
Australian Museum in Perth, Australia (WAM), and the 

HarryButler Institute,MurdochUniversity,Perth,Aus-
tralia(HBI).

A Leica DM4500 digital camera attached to a Leica 
M205A stereomicroscope and controlled by the Leica 
ApplicationSuiteXVersion3.0.1.wasused for exam-
ination and morphological measurements in millimetres. 
DigitalimagesweretakenwithaBKPlusLabSystemby

Figure 1. Missulena davidi sp.nov.,photosofA B Eburrowstructurewithtwoopenings;C Dfemale.PhotostakennearNewman,
WesternAustralia(Copyright:D.Harms,2019).
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Figure 2. Maximum Likelihood phylogeny of all
Missulenaspecimens.Theultimateoutgrouptaxon
Atraxhasbeenremovedfromthefigureforconve-
nience.Allbootstrapvaluesbelow80havebeenre-
moved.GeneticcladeswithinMissulena davidi sp. 
nov.arecolour-coded:clade Ibrown,clade II red,
clade III blue, clade IV pink.
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Dun,Inc.withintegratedCanonEOS5DMarkIIIandthe
programCaptureOne9,orwithaHitachiTM4000Plus
scanningelectronmicrograph (SEM).The imageswere
stacked with Zerene stacking software (Zerene Systems 
LLC 2018). The drawings were created with the help of 
printed images that were traced on a Comicstar light table 
and scanned afterwards. Images were edited with Adobe 
PhotoshopCS6.MapswerecreatedusingQGISVersion
3.0. 

Box-Whisker-Plots for carapace and eye variation
measurements as well as rastellum counts in M. davidi sp. 
nov.werecompiledinRStudioVersion1.2.1335(RStu-
dio, Inc). For the comparison of leg spination and cheli-
ceraldentitionfivespecimensofeachsexwereexamined
indetail.Thecuspulesonthemaxillaeandlabiumwere
counted in the ventral position and representminimum
valuesbecausenotallcuspulesnearthejointscouldbe
seen clearly. Carapace height was measured laterally 
from thehighest point of the carapacevertically to the
edge of the carapace. 

Abbreviations used in the taxonomic sections are as
follows: OQ ocular quadrangle,AME anterior median 
eyes, ALE anterior lateral eyes, PME posterior median 
eyes, PLE posterior lateral eyes, PLS posterior lateral 
spinnerets, PMS posterior median spinnerets, rl retrolat-
eral, vventral,pl prolateral, d dorsal.

3. Taxonomy

Family Actinopodidae Simon, 1892 

Genus Missulena Walckenaer, 1805

Missulena Walckenaer, 1805: 8. Type species: Missulena occatoria 
Walckenaer, 1805, by monotypy.

EriodonLatreille,1806:85.Typespecies:Eriodon occatorius Latreille, 
1806,bymonotypy.SynonymisedbySimon1903:877.

3.1. Missulena davidi sp. nov.

http://zoobank.org/8B7D21DD-872B-4C09-8776-7B7FAD1C-
BE57

Figs3–7

Type material. Holotype: AUSTRALIA–WesternAustralia•♂;Juna
Downs Station, 113 km NW of Newman; 22°41.23′S 118°53.55′E;
10May2011;C.Cole andP.Runham leg.; pit trap;WAMT119725
•Allotype:AUSTRALIA–WesternAustralia•♀;HopeDowns,73.7
kmNWofNewman; 20°59.42′S 119°7.3′E; 27 June 2010;G.Hum-
phreysandP.Runhamleg.;dugfromburrow;WAMT107393•Para-
types:AUSTRALIA–WesternAustralia•1♀;samedataasholotype;
22°41.18′S118°53.58′E;dugfromburrow;WAMT119711•1♀;Juna
DownsStation,114kmNWofNewman;22°43.55′S118°50.98′E;12
May2011;P.Runham leg.; dug fromburrow;WAMT119718 • 1♂;
JunaDownsStation,116kmNWofNewman;22°38.73′S118°54.17′E;

11May2011;C.ColeandP.Runhamleg.;pittrap;WAMT119726•
1♂;samedataasforpreceding;WAMT119727•1♂;samedataasfor
preceding;10May2011;WAMT119728•1♂;samedataasforpre-
ceding;WAMT119729•1♂;samedataasforpreceding;117kmNW
ofNewman;22°37.73′S118°54.1′E;WAMT119731•1♂;samedata
asforpreceding;22°36.63′S118°56.38′E;G.HumphreysandJ.Tatler
leg.;WAMT119733.

Other material examined.AUSTRALIA –WesternAustralia • 1♀;
Carnarvon,99GascoyneRoad;24°53′S113°39′E;23July2002; res-
idents leg.;byhand;WAMT46798•1♂;CloudbreakMiningLease,
FortescueMetalsGroup(site25);22°20.1′S119°24.23′E;6Sept.2006;
S.Thompsonleg.;WAMT84005•1♀;Jimblebarminesite,35kmEof
Newman;23°22.5′S120°12.58′E;6Feb.2009;P.BoltonandC.Weston
leg.;activesearch;WAMT95397•1♀;MurrayHills,MulgaDowns
Station,Ecologiaproject1142;22°07.67′S118°30.92′E;19Apr.2009;
N.DightandL.Quinnleg.;drypitfalltrap;WAMT97637•1♀;David-
sonCreek,ca.75kmEofNewman,vertsite6;23°25.73′S120°26.8′E;
9Apr.2010;J.Clarkleg.;drypitfall;WAMT102165•1♀;SouthPar-
melia,52kmNWofNewman;23°5.13′S119°19.08′E;16Apr.2011;R.
TealeandM.Greenhamleg.;dugfromburrow;WAMT113591•1♂;
SouthernFlank,72kmNWofNewman;23°0.17′S119°8.37′E;14Apr.
2011;R.TealeandM.Greenhamleg.;dugfromburrow;WAMT113596
•1♂;samelocality;23°0.18′S119°8.35′E,14Apr.2011;R.Tealeand
M.Greenhamleg.;dugfromburrow;WAMT113598•1♀;113.8km
NWofNewman;22°39.39′S118°55.09′E;26May2011;M.Greenham
andR.Tealeleg.;dugfromburrow;WAMT113626•1♀;119.1kmNW
ofNewman;22°38.02′S118°52.19′E;30May2011;M.Greenhamand
R.Tealeleg.;dugfromburrow;WAMT113660•1♀;117.6kmNWof
Newman;22°37.66′S118°53.76′E;31May2011;M.GreenhamandR.
Tealeleg.;dugfromburrow;WAMT113665•1♀;Mudlark,107km
WofNewman;23°5.63′S118°43.17′E;30June2011;C.ColeandN.
Watsonleg.;dugfromburrow;WAMT116746•1♀;Mudlark,111km
WNWofNewman;23°5.2′S118°41.18′E;30June2011;M.Greenham
andJ.Cairnesleg.;dugfromburrow;WAMT116751•1♀;samedataas
forpreceding;23°5.22′S118°41.17′E;WAMT116755•1♀;Mudlark,
113kmWofNewman;23°2.28′S118°40.97′E;1July2011;M.Green-
hamandJ.Cairnesleg.;dugfromburrow;WAMT116776•1♀;Mud-
lark,102kmWofNewman;23°5.4′S118°48.67′E;3July2011;C.Cole
andN.Watsonleg.;dugfromburrow;WAMT116839•1♀;Mudlark,
94kmW.ofNewman;23°4.78′S118°51.48′E;6July2011;M.Green-
hamandJ.Cairnesleg.;dugfromburrow;WAMT116866•1♀;same
locality;23°4.77′S118°51.47′E;26July2011;C.ColeandN.Watson
leg.;dugfromburrow;WAMT116868•1♀;84.2kmNWofNewman;
22°40.5′S119°20.95′E;26 July2011;D.Kamien,M.Greenhamand
Z.Hamiltonleg.;dugfromburrow;WAMT116873•1♀;samedataas
forpreceding;22°40.48′S119°20.9′E;WAMT116874•1♀;samedata
as forpreceding;89.3kmNWofNewman;22°38.45′S119°19.23′E;
WAMT116875•1♀;samedataasforpreceding;89.3kmNW.ofNew-
man;22°38.45′S119°19.22′E;WAMT116881•1♀;MulgaDownsSta-
tion,Cowra,site994-13;22°13.63′S119°0.82′E;16Apr.2012;WAM
T118328•1♀;84.8kmNWofNewman;22°40.1′S119°22.48′E;27
July2011;D.Kamien,M.GreenhamandZ.Hamiltonleg.;dugfrom
burrow;WAMT119975•1♀;samedataasforpreceding;99.1kmNW
ofNewman;22°34.3′S119°17.15′E;WAMT119979•1♀;samedataas
forpreceding;22°34.3′S119°17.17′E;WAMT119980•1♀;105.3km
NWofNewman;22°30.72′S119°15.55′E;28July2011;D.Kamien,
M.GreenhamandZ.Hamiltonleg.;dugfromburrow;WAMT119984
• 1♀; same data as for preceding; 22°30.72′S 119°15.53′E; WAM
T119993•1♀;81.2kmNWofNewman;22°42.02′S119°22.68′E;29

http://zoobank.org/8B7D21DD-872B-4C09-8776-7B7FAD1CBE57
http://zoobank.org/8B7D21DD-872B-4C09-8776-7B7FAD1CBE57


Greenberg et al.: Mouse spider diversity in Western Australia514

July2011;D.Kamien,M.GreenhamandZ.Hamiltonleg.;dugfrom
burrow;WAMT119995 • 1♀; 85.2 kmNW. ofNewman; 22°39.2′S
119°24.82′E;31July2011;D.Kamien,M.GreenhamandZ.Hamil-
tonleg.;dugfromburrow;WAMT120018•1♀;samedataasforpre-
ceding;22°39.2′S119°24.83′E;WAMT120019•1♂;samedataasfor
preceding; 18.9 kmNEofTomPrice; 22°39.2′S 119°24.82′E;WAM
T120081•1♀;KoodaideriCorridorWest,93.7kmNEofTomPrice;
22°19.7′S 118°36.61′E; 20 Feb. 2012; C. Cole leg.; burrow search;
WAMT122209•1♀;samedataasforpreceding;89.4kmNEofTom
Price;22°15.92′S118°31.3′E;WAMT122217•1♀;samedataasfor
preceding; 71.7 km NE of Tom Price; 22°8.12′S 118°8.17′E;WAM
T122224•1♀;samedataasforpreceding;70.1kmNEofTomPrice;
22°9.31′S118°8.07′E;WAMT122226•1♀;samedataasforpreceding;
22°9.37′S118°8.07′E;leaflitterrake;WAMT122235•1♀;samedata
asforpreceding;82.1kmNEofTomPrice;22°13.95′S118°24.88′E;
burrowsearch;WAMT122252•1♀;samedataasforpreceding;77.3
kmNEofTomPrice;22°1.68′S118°0.22′E;WAMT122254•1♀;111.6
kmNWofNewman;22°53.52′S118°45.89′E;29Mar.2012;C.Cole
andN.Watsonleg.;dugfromburrow;WAMT122822•1♀;115.4km
NWofNewman;22°54.52′S118°43.05′E;31Mar.2012;C.Coleand
N.Watsonleg.;dugfromburrow;WAMT122843•1♀;118.6kmNW
ofNewman;22°52.85′S118°41.22′E;1Apr.2012;N.WatsonandP.
Brooshooftleg.;dugfromburrow;WAMT122865•1♀;124kmNW
of Newman; 22°51.93′S 118°38.47′E; 1Apr. 2012; N.Watson leg.;
dugfromburrow;WAMT122872•1♂;63.5kmESEofParaburdoo,
site1000-tur01;23°17.31′S118°17.1′E;27Apr.2012;E.S.Volschenk
leg.;wet pitfall;WAMT125176 • 1♀;KoodaideriWesternCorridor,
217.5 kmNWofNewman; 22°7.71′S 118°5.57′E; 28Mar. 2012;G.
HumphreysandM.Greenhamleg.;dugfromburrow;WAMT125307
•1♀;samedataasforpreceding;194.8kmNWofNewman;22°7.71′S
118°7.71′E;WAMT125308•1♀;KoodaideriWesternCorridor,214km
NWofNewman;22°8.14′S118°6.46′E;29Mar.2012;G.Humphreys
and J.King leg.; dug from burrow;WAMT125316 • 1♀; 118.2 km
NWofNewman;22°36.32′S118°55.15′E;19Nov.2011;M.Greenham
andZ.Hamiltonleg.;WAMT126257•1♀;118.3kmNWofNewman;
22°36.67′S118°54.43′E;18Nov.2011;M.GreenhamandZ.Hamilton
leg.;WAMT126260•1♀;samedataasforpreceding;WAMT126264
• 1♀; 114 km NW of Newman; 22°36′54″S 118°57′18″E; 21 Nov.
2011;M.GreenhamandZ.Hamiltonleg.;WAMT126272•1♀;same
data as for preceding; 22°36.87′S 118°57.3′E;WAMT126276 • 1♀;
KarijiniNationalPark,ca.20kmSWofHancockGorge;22°29.03′S
118°8.85′E;15Mar.2015;C.Stevenson,M.S.HarveyandM.Hillyer
leg.;WAMT135548•1♀;KarijiniNationalPark,ca.25kmSSW.of
DalesGorge;22°39.48′S118°26.05′E;17Mar.2015;M.S.Harveyet
al.leg.;WAMT135563•1♀;KarijiniNationalPark,ca.6kmNWof
MtBruce; 22°34.12′S 118°5.98′E; 15Mar. 2015; J.Huey et al. leg.;
WAMT135591.

Diagnosis. Males of Missulena davidisp.nov.sharethe
red colouration of chelicerae and pars cephalica with M. 
langlandsi HarmsandHarvey,2013,M. occataria Walck-
enaer, 1805, M. insignisO.Pickard-Cambridge,1877,M. 
iugum sp.nov.andM. manningensissp.nov.thataremor-
phologicallymostsimilar.TheydifferfromM. langlandsi 
byhavingstrong,conicalspinesoftherastellum(thinand
not conical in the former) and a longer carapace (>3.00 
mm;M. langlandsi upto2.8mm).TheydifferfromM. 
occataria and M. insignis by having spines on patellae
III and IV only and not on all four legs (on patellae I and 
II1spine,respectively).Missulena davidisp.nov.males

havemorecuspulesonmaxillaeandlabiumthanthoseof
M. manningensis sp.nov.(M. manningensissp.nov.:5at
labium,30atmaxillae;M. davidisp.nov.:15–10atlabi-
um,35–100atmaxillae).Missulena davidisp.nov.males
differfromM. iugumsp.nov.bytheridgepresentinthe
cheliceralgroove.FemalesofMissulena davidisp.nov.
haveuniformlyredcheliceraethattheysharewithM. in-
signis;however,thefourthlegofM. davidisp.nov.isthe
longest of all legs, whilst in M. insignis the longest leg is 
thefirst.Additionally,therearenocuspulesrecordedon
thelabiumorthemaxillaeinM. insignis females.

Description. MALE (based on holotype; WAM
T119725).Total length9.8.Colour: pars cephalica and 
chelicerae reddish-orange (Fig. 3C); a slim, black ring
surrounding the PME (Fig. 4E); pars thoracica brown
withalight,metallicbluesheen(Fig.3C);abdomengrey-
ish with a strong, metallic blue sheen on the dorsal side, 
ventrallymorebrownishwithafainthintofpurple(Fig.
3D,E);sternumorange,slightlyfadingintoolivewith8
sigilla insimilarcolour (Fig.4D); labiumandmaxillae
orangewithadarkolivespotonthebaseoflabium(Fig.
3F);legsolive-yellowishfadingintolightbrownventral-
ly,dorsallybrown(Fig.3A,B);spinneretsbeige-coloured
(Fig.3E).Carapace:3.86 longand4.67wide;clypeus
0.31;parscephalicacovers2.45of its length, ishighly
elevatedandslightlygranulatedwithveryfewsetae(Fig.
3G);pars thoracicaalsogranulatedwithbandsof faint,
radialfissuresandwithtwonotchesclosetotheabdomen
(Fig. 3C). Eyes:OQ4timeswiderthanlong;outerwidth
of each eye pairAME0.66,ALE 2.44, PME1.48 and
PLE2.21;diameterofAME0.19,ALE0.22,PME0.15,
PLE0.19;anterioreyesveryslightlyrecurved;posterior
eyesstronglyrecurved(Fig.4E).Chelicerae: 2.04 long 
and1.47wideonthebase;edgesroundedandrecurved
with the widest point being 1.55 close to the chelicerae 
base(Fig.3C);small, faintfilesalongtheoutermargin
of each chelicera; evenly spread setae along the inner
marginandtheanteriorpartofthechelicerae;rastellum
present, slightly pronounced, consisting of a sclerotized 
processwith7 (left 8) strong, conical spines (Fig.4F);
over25setaecovertheanteriorbaseoffangofeachche-
licera;innermarginofcheliceralfurrowwith2rowsof
teeth and a general cheliceral teeth area in between those 
2 clear rows (Fig. 4A, J); prolateral row with approx.
9 teeth; retrolateral rowwith4 teeth; intermediate area
with 10 small teeth. Maxillae:2.08longand1.44wide;
atleast80–100weaklydevelopedcuspulesalongentire
anterior margin (Fig. 3F). Labium: 0.96 longand0.86
wideonthebase;conical;atleast40weaklydeveloped
cuspulesanteriorly (Fig.3F); labiosternal junctionvisi-
ble (Fig. 4D). Sternum:2.6 longand2.38wide;ovoid
(Fig.4D);setaeofvariouslengthsomewhatdenselybut
disordered along the margin and a smaller amount of se-
taespreadunevenlyoverthesternum;4pairsofsigilla,
anteriorpairsmallestandhardlyvisible,secondpairalso
verysmallandcircular,thirdpairsignificantlylargerthan
second (roughly 5 times bigger) in the shape of an elon-
gatedoval,andposteriorpairbiggest(roughly1.5times
the size of the third pair) in the shape of a drop, all sigilla 
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Figure 3. Missulena davidisp.nov.Maleholotype(WAMT119725):Ahabitus,dorsalview;Bsame,ventralview;C carapace, 
dorsalview;Dabdomen,dorsalview;Esame,ventralview;Fmaxillae,labium,andchelicerae,ventralview;G carapace, lateral 
view.Maleparatype(WAMT119727),leftpedipalp,Hemboluswithembolartooth,prolateralview;Isame,retrolateralview.Scale
bars:A,B4.0mm;C–G2.0mm;H100µm; I 40 µm.
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Figure 4. Missulena davidi sp.nov.Maleholotype(WAMT119725):Acheliceraewithcheliceralgroove,ventralview;B patella 
III,dorsalview;CpatellaIV,dorsalview;Dsternum,ventralview;Eeyeregion,dorsalview;Frastellum,frontalview;G right 
pedipalp,retrolateralview;Hsame,ventralview;Isame,prolateralview;Jpatternofcheliceralteethincheliceralgroove.Scale
bars:A,D–H2.0mm;B,C0.5mm;J1.0mm.
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slightly depressed. Abdomen: 3.88 long and 3.4wide;
shapeofaroundedtrapezoid(Fig.3D);4spinnerets,PLS
1.12 long,0.48wide;PMS0.43 long,0.23wide.Pedi-
palp:lengthoftrochanter1.49,femur3.68,patella1.68,
tibia4.01,tarsus0.72;allsegmentswithsetae,tibiaven-
trallycoveredwithcomparablylongsetae(Fig.4I);tibia
ratherthinandslightlyrecurved,1.00wideonthewidest
point fromdorsalandprolateralview(Fig.4G–I);bulb
roughly pyriform (Fig. 4G–I), two strongly sclerotized
sectionsconnectedbyavelarmedianstructure(“haemat-
odocha”);embolusshortwithanintumescenceinproxi-
malregion;tipofembolustriangularwithasmalllamella
anda toothbestvisible fromprolateralview(paratype,
Fig. 3H, I). Legs:brownsetaeofvarioussizesonallsides

ofthelegsandbentstronglytowardstheexteriorwiththe
exceptionsofsomelong,dorsalsetaeontibiaIandIV;
ventralpreeningcombontarsiandmetatarsiIIIandIV.
Leg spination: leg I: tibia rv0, v5, pl0, d0;metatarsus
rv3,v8,pl2,d0;tarsusrv3,v3,pl4,d0;legII:tibiarv0,
v8,pl0,d0;metatarsusrv0,v11,pl0,d0;tarsusrv3,v3,
pl2, d0; leg III: tibia rv4, v8, pl0, d11;metatarsus rv4,
v11,pl0,d11; tarsus rv5,v9,pl4,d5; leg IV: tibia rv0,
v5,pl0,d0;metatarsusrv0,v16,pl0,d2;tarsusrv4,v10,
pl3, d3; patella Iwith one spine prolateral close to the
tibiaandpatellaIIwithonespineventrallyalsocloseto
thetibia;patellaIIIwithca.23spinesprolateraltodorsal
(Fig.4B),1spineretrolateral;patellaIVwithonespine
dorsalclosetothetibiaandapprox.12smallspines(Fig.

Figure 5. Missulena davidisp.nov.Femaleallotype(WAMT107393):Acarapace,dorsalview;Babdomen,dorsalview;C ster-
num,ventralview;Dcarapace,lateralview;Emaxillae,labiumandchelicerae,ventralview;FpatellaIII,dorsalview;G patella 
IV,dorsalview;Heyeregion,dorsalview;Irastellum,frontalview.Scalebars:A,B4.0mm;C–I2.0mm.
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4C)andca.18prolateral,alsoverysmall.Leg measure-
ments:LegI:femur3.72,patella1.29,tibia2.72,meta-
tarsus2.37,tarsus1.37,total11.47.LegII:femur3.31,
patella1.36,tibia2.43,metatarsus2.26,tarsus1.38,total
10.74.LegIII:femur2.72,patella1.26,tibia1.93,meta-
tarsus1.92, tarsus1.35, total9.18.LegIV: femur3.45,
patella1.47,tibia2.76,metatarsus2.41,tarsus1.51,total
11.6.Formula:4>1>2>3.
FEMALE (based on allotype; WAM T107393). Total
length 23.9. Colour: Carapace brown (Fig. 5A); che-
licerae reddish-orangish with a darker spot (dark red-
dish-brown) on each chelicerae base (Fig. 5A); eye re-
gionlightreddishcoloursimilartochelicerae(Fig.5A);
abdomen greyish-brown with a faint, dorsal, metallic 
bluesheen(Fig.5B);sternumlightbrownfadingintoa
reddish-brown towards labium (Fig. 5C), sigilla darker 
brown (Fig. 5C); labium und maxillae reddish-brown
(Fig. 5E); legs brown (Fig. 5F, G); spinnerets lighter

brown (Fig. 5B).Carapace: 7.31 long and 9.88wide;
clypeus0.74;parscephalicacovers4.72ofitslength,is
highly elevated and smooth (Fig. 5D)with some setae
goingalongthemarginofthecheliceraeaswellasver-
tically ina line fromtheAMEto foveaplussomeran-
domsetae(Fig.5A);parsthoracicasmoothsurfacewith
bands of faint, radial fissures (Fig. 5A).Eyes: OQ 4.9
timeswiderthanlong;widthofeacheyepairAME0.91,
APE6.01,PME3.59 andPLE5.54; diameter ofAME
0.33,ALE0.36,PME0.25,PLE0.3;anterioreyesinone
straight line; posterior eyes clearly recurved (Fig. 5H).
Chelicerae:5.65longand4.15wideonthebase;edges
roundedand recurvedwith thewidest pointbeing4.73
close to thecheliceraebase (Fig.5A); longsetaealong
theinnermarginincreasinginamounttowardsrastellum;
short and fewer setae along the outer margin and no setae 
incentre(Fig.5A);rastellumpresentwith10–14conical
spines on each chelicera and long, densely disordered se-

Figure 6. Missulena davidi sp.nov.Variabilityofspermathecainfemales:AallotypespecimenWAMT107393,cladeI;B specimen 
WAMT119995,cladeIV;CspecimenWAMT126272,cladeII;DspecimenWAMT122226,cladeIII.Systematicdrawingsbased
onallotypeWAMT107393:Espermatheca;Fpatternofcheliceralteethinthecheliceralgroove.Scalebars:A–E0.5mm;F2.0mm
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tae(Fig.5I);approx.25setaecoveranteriorbaseoffang;
inner margin of cheliceral furrow with two main rows of 
cheliceral teeth and a small cheliceral teeth area in be-
tween(Fig.6F);prolateralrowwith11teeth,thefirst3
teethnexttothefang’sbasearepartiallygrowntogether;
retrolateralrowwith10teeth;intermediateareawithap-
prox.32smallteeth.Maxillae:4.48longand3.67wide;
atleast150–170stronglydevelopedcuspulesalongentire
anteriormargin(Fig.5E).Labium:4longand2.27wide
onthebase;conical;atleast60cuspules(Fig5E);ante-
riorpairofsigillareachlabiosternal junction; labioster-
naljunctionclearlydeveloped(Fig.5C).Sternum:6.32
longand5.7wide;oval(Fig.5C);setaeofvariouslength
somewhat densely but disordered along the margin and 
asimilaramountofsetaeofvarioussizesspreadevenly
overthesternum;4pairsofsigilla,anteriorpairsmalland
hardly visible, second pair (anterior-posterior) smallest
anddividedincircles, thirdpair largerthansecondand
roughlyintheshapeofanelongatedoval,andposterior
pairbiggest(roughly4timesthesizeofthethirdpair);
all sigilla depressed, two anterior pairs just slightly, two 
posterior pairs strongly. Abdomen:10.87longand9.12
wide;surfacecoveredwithhorizontalwrinklesanddense
setae(Fig.5B);PLS2.84longand1.5wide;PMS1.43
longand0.6wide.Pedipalp: Length of trochanter 1.5, 
femur4.62,patella1.79,tibia3.23,tarsus2.96;approx.
17spinesspreadprolateral,retrolateralandventralontar-
sus. Genitalia: one pair of simple and rounded sperma-

thecae, spermducts relatively short (Fig.6A–E).Legs: 
densely covered in brown setae of various sizes on all
sidesof the legsandbent towards theexteriorwith the
exceptionsofsomelong,dorsalsetaeontibia,metatarsus
and tarsus. Leg spination: leg I: tibia rv0, v0, pl0, d0;
metatarsusrv1,v2,pl0,d0;tarsusrv6,v13,pl6,d0;leg
II:tibiarv0,v0,pl0,d0;metatarsusrv1,v3,pl0,d0;tarsus
rv6,v11,pl3,d0;legIII:tibiarv1,v0,pl2,d8;metatarsus
rv0,v1,pl0,d18;tarsusrv7,v11,pl7,d6;legIV:tibiarv0,
v0,pl1,d5;metatarsusrv0,v3,pl4,d2;tarsusrv1,v15,
pl9,d3;patellaeIandIIaspinose;patellaIIIwithca.28
spinesprolateraltodorsal(Fig.5F);patellaIVwithca.18
spines prolateral to dorsal (Fig. 5G). Leg measurement: 
leg I: femur5.2, patella 2.16, tibia 3.4,metatarsus 2.5,
tarsus1.93,total15.19.legII:femur5.32,patella2.54,
tibia3.02,metatarsus2.86, tarsus2.04, total15.78. leg 
III:femur5.03,patella2.64,tibia2.39,metatarsus3.08,
tarsus2.15, total15.29. leg IV: femur5.6,patella2.61,
tibia3.66,metatarsus3.31,tarsus2.24,total17.42.For-
mula: 4>2>3>1.

Etymology. Thespecificepithetisapatronyminhonour
oftheseniorauthor’shusband,DavidA.Greenberg.

Distribution. Pilbara region of WesternAustralia, ex-
cluding the northern Pilbara subregion, extending into
the Little Sandy Desert region. The known linear range of 
thisspeciesis295km(Fig.7).

Figure 7. Distribution records of the Missulena davidisp.nov.inthePilbarainWesternAustralia,markedwithcolouraccording
to clades of the phylogenetic tree (Fig. 2). 
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Genetic structure. The species is highly structured 
acrossitsrangewithfourgeneticcladesthathavesym-
patricdistributions(Figs2,7).

Remarks.Thisspecieshadbeenlabelled“MYG045”in
previousbarcodingstudies(Castalanellietal.2014).

Variability. Assessment of 19charactersinmaleM. da-
vidisp.nov.and18charactersinfemales(Table1)high-
lightssubstantialvariationinmanycharacterswithinand
between sampling localities, in both the male and female 
specimensexamined.

In both sexes there is substantial variation in body
colouration. In males, the chelicera and pars cephalica 
rangedfromabrightred(specimenWAMT119729;Fig.
13A) to a redwith a shade of orange (male:T120081;
Fig.13B)whereasabdominalcolourindorsalvariedbe-
tween green, purple and blue metallic tones to no metallic 
sheenatall(Fig.13G–H).Colourationoftheparsthora-
cicarangedfromlightbrown(T119733)tonearlyblack
(T119731)andtheorangetoolivetransitiononthester-
numandcoxawasalsohighlyvariable(compareT84005;
Fig.13FwithT113596;Fig.13E).Infemales,chelicer-
al colouration ranged between dark red (T116874;Fig.
14A)toalightorange(T119979orT116776;Fig.14B).
The abdomen in some specimens had a metallic sheen 
and the sternum varied between uniformly orange
(T116776;Fig. 14F) to a full transition fromorange to
dark red (T119711;Fig. 14G).Colour of legs andpars
thoracicarangedbetweenlightbrown(T116776)todark
brown(T125308).Thecolourvariationsstillholdtrueif
consideringpossibleartefactsofpreservation, i.e.vary-
ing trapping liquids, ethanol concentration during stor-
age,andtimeofpreservation.

Variability was also high in rastellum spination and 
cuspule counts. Some male specimens had about twice as 
many rastellum spines (Fig. 13L, M) and/or cuspules on 
bothmaxillaeandlabiumthanothers.Femalevariability
wasevenhigherwithsomespecimenshavinguptofour
timesmoremaxillarycuspules(Fig.14H,I)ornearlyfive
timesmorespinesontherastellum(17;Fig.14N,O)than
others. The spination of the patellae was also variable
which included spinal counts, size, and positioning of the 
individual spines.While male specimens showed vari-
ationon thefirst, thirdand fourthpatella, femalesonly
had spines on the third and fourth patella (see Table 1 for 
details).Theshapeofthesternuminfemalesvariedcon-
siderablybetweenovoidandround,and theshape,size
and position of the sternal sigilla differed substantially
(Fig.14F,G).Thesecondpairofsigillawassubdivided
into two depressions in some female specimens but not in 
others. Variation in body size was also substantial (Fig. 
15)andthecarapacelengthrangedfrom3.58to4.74in
malesand5.12to8.97infemales.

EyeratioofthePLEandPMEpairwidthinrelationto
theALEpairwidthvariedlessthanothercharacters.While
stillshowingvariationinmalesandfemalesitsrangewas
lessextreme(within8%inmalesand16%infemales)than
inothercharacters(Figs13I–K,14J–M;seeboxplotFig.
16).Malebulbstructurealsovariedlittle(Fig.3H,I).

There was no correlation between geographical dis-
tanceofsamplesandmorphologicaldivergence.Forex-
ample,twofemalesofthecladeIII(WAMT126260and
T126264)fromonelocalityshowedsubstantialdifferenc-
esinthenumberofrastellumspines(9vs17respective-
ly), which was also notable for four male specimens of 
thecladesIIandIII(T119726–T119729)fromthesame
location (4 to 10 spines). Similar results were inferred for 
cuspule count in these males (55 to 80 cuspules on the 
maxillae).

3.2. Missulena iugum sp. nov.

http://zoobank.org/D846D8BD-F6FB-4E8E-8C16-BA6574CF-
0F11

Figs8–10

Type material. Holotype: AUSTRALIA–WesternAustralia•♂;Mt
Ida, 80 km NW ofMenzies; 29°12.5′S 120°24.48′E; 29Mar. 2012;
V. Saffer leg.; pitfall trap; WAM T123110. Paratype: AUSTRA-
LIA–WesternAustralia •♂; same data as for holotype; 29°12.97′S
120°25.43′E;27July2008;M.QuinnandG.Murrayleg.;pitfalltrap;
WAM T110243.

Diagnosis. Males of Missulena iugum sp.nov.sharethe
red chelicerae and pars cephalica with M. davidi sp.nov.,
M. manningensis sp. nov.,M. langlandsi, M. occataria 
and M. insignis that are morphologically most similar. 
They differ from M. langlandsi by a longer carapace 
(>3.00mm;M. langlandsi up to 2.8 mm) and a rastel-
lum with strong, conical spines (simple in M. langlandsi). 
Rastellumandcuspulesonlabiumandmaxillaestronger
than in M. insignis (rastellum: 8–9 spines;M. insignis 
2–5; cuspules:M. insignis none). Pars cephalica lower 
than in M. occatoria (up to1.69;M. occataria approx.
3.0)andcarapaceshorter(3.87long,4.98wide;M. occa-
tariaapprox.5.0long,7.0wide).DiffersfromM. davidi 
sp.nov. and M. manningensis sp.nov.bythepresenceof
aridgeinthecheliceralgroove(Fig.9G,I).

Description. MALE (based on holotype; WAM
T123110).Totallength9.89.Colour: pars cephalica and 
cheliceraeorange(Fig.8C);aslim,blackringsurround-
ingthePME(Fig.8G);parsthoracicabrownwithalight,
metallic blue sheen (Fig. 8C); abdomen greyishwith a
verystrong,metallicblueandgreensheenonthedorsal
side(Fig.8D),ventrallymorebrownishwithafainthint
ofpurple(Fig.8E);sternumorange,slightlyfadinginto
olivewith8sigillaindifferentshadesoforange(Fig.9C);
labiumandmaxillae orangewith a slightly darker red-
dish-orangespotonthebaseoflabium(Fig.8F);legsol-
ivefadingintolightbrownventrally,dorsallybrown(Fig.
8A–B);spinneretsbeige-coloured(Fig.8E).Carapace: 
3.87 long, 4.98wide and1.67high; clypeus0.34; pars
cephalicacovers2.34ofitslength,ishighlyelevatedand
faintlygranulatedwithveryfewsetae(Fig.9H);parstho-
racicaalsogranulatedwithbandsoffaint,radialfissures
and with two notches close to the abdomen (Fig. 8C). 

http://zoobank.org/D846D8BD-F6FB-4E8E-8C16-BA6574CF%C2%AD0F11
http://zoobank.org/D846D8BD-F6FB-4E8E-8C16-BA6574CF%C2%AD0F11
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Eyes:OQ3.7timeswiderthanlong;outerwidthofeach
eyepairAME0.53,ALE2.54,PME1.66andPLE2.2;
diameterofAME0.2,ALE0.21,PME0.11,PLE0.19;
anterior eyes slightly recurved; posterior eyes strongly
recurved(Fig.8G).Chelicerae: 2.28 long and 1.55 wide 
on thebase;edges roundedandcurvedwith thewidest

pointbeing1.57veryclose to thecheliceraebase (Fig.
8C);fewsetaealongtheinnermarginandslightlymore
evenlyspreadsetaealongtheanteriorpartofthechelicer-
ae;rastellumpresent,slightlypronounced,consistingof
a sclerotized process with 8 strong, conical spines (Fig. 
8H);approx.20setaecovertheanteriorbaseoffangof

Figure 8. Missulena iugumsp.nov.Maleholotype(WAMT123110):Ahabitus,dorsalview;Bventralview;C carapace, dorsal 
view;Dabdomen,dorsalview;Esame,ventralview;Fmaxillae,labium,andchelicerae,ventralview;Geyeregion,dorsalview;
Hrastellum,anteriorview.Scalebars:A,B4.0mm;C–H2.0mm.
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Figure 9. Missulena iugum sp.nov.Maleholotype(WAMT123110):ApatellaIII,dorsalview;BpatellaIV,dorsalview;C sternum, 
ventralview;Drightpedipalp,retrolateralview;Esame,ventralview;Fsame,prolateralview;G cheliceral teeth in cheliceral 
groove,arrowspointingtotheridgeonbothsidesofthegroove;Hcarapace,lateralview;I pattern of cheliceral teeth in cheliceral 
groove.Maleparatype(WAMT110243),rightpedipalp(leftpedipalpnotcomplete):J embolus with embolar tooth, prolateral-dor-
salview;Kemboluswithlamellaandtooth,retrolateralview.Scalebars:A,B,G,I1.0mm;C–F,H2.0mm;J40µm; K 50 µm.
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eachchelicera;innermarginofcheliceralfurrowwith2
rows of teeth with each a ridge along the row and a gener-
al cheliceral teeth area in between those 2 clear rows (Fig. 
9G,I);prolateralrowwithapprox.10teeth;retrolateral
rowwith3teeth(paratypehas4teeth);intermediatearea
with 8 small teeth. Maxillae:2.24 longand1.52wide;
atleast85–100weaklydevelopedcuspulesalongentire
anterior margin (Fig. 8F). Labium: 0.94 longand0.91
wideonthebase;conical;atleast35weaklydeveloped
cuspulesanteriorly(Fig.8F);labiosternaljunctionvisible
(Fig.9C).Sternum:2.84longand2.77wide;ovoid(Fig.
9C); setaeofvarious lengthsomewhatdenselybutdis-
ordered along the margin and a smaller amount of setae 
spreadunevenlyoverthesternum;4pairsofsigilla,an-
teriorpairsmallandhardlyvisible,secondpairsmallest
(roughlyhalfthesizeofthefirstpair)andcircular,third
pairlargerthanfirstandsecondpair(roughly2timesbig-
gerthanfirstpair) in theshapeofadrop,andposterior
pair biggest (roughly 2.5 times the size of the third pair) 
in the shape of an elongated drop, all sigilla slightly de-
pressed. Abdomen:3.7 longand3.41wide;shapeofa
roundedtrapezoid(Fig.8D);4spinnerets,PLS0.88long,
0.55wide; PMS 0.45 long, 0.19wide (Fig. 8E).Pedi-
palp:lengthoftrochanter1.37,femur4.17,patella1.88,
tibia4.22,tarsus0.75;allsegmentswithsetae,tibiaven-
trallydenselycoveredwithcomparablylongsetae(Fig.
9D–F);tibiaratherthinandslightlyrecurvedfromlateral
view,1.00wideonthewidestpointfromprolateraland
1.08 fromdorsal view (Fig. 9D–F); bulb roughly pyri-
form, two strongly sclerotized sections connected by a 
velarmedianstructure(“haematodocha”);embolusrath-
ershortwithanintumescenceinproximalregion;tipof
embolus triangular with a small lamella and a tooth best 
visiblefromprolateralview(paratype,Fig.9J,K).Legs: 
brownsetaeofvarioussizesonallsidesofthelegsand
bent towards the exterior; some comparably long setae
dorsally on most segments double the length of the oth-
er setae; ventral preening comb on tarsi and metatarsi
III and IV. Leg spination: legI: tibia rl1,v13,pl0,d0;
metatarsusrl2,v10,pl1,d0;tarsusrl2,v7,pl5,d0;legII:
tibiarl1,v11,pl1,d0;metatarsusrl2,v11,pl0,d0;tarsus
rl5, v9, pl1, d0; leg III: tibia rl6, v5, pl5, d6;metatar-
susrl5,v7,pl5,d9;tarsusrl10,v9,pl2,d6;legIV:tibia
rl1,v10,pl1,d1;metatarsusrl1,v9,pl3,d2;tarsusrl14,
v13,pl5,d5;patellaIwith9spinesspreadoutprolater-
ally and three spine ventrally in a vertical row; patella
IItwospinesventrallyinaverticalrow;patellaIIIwith
27 spines spreadoutdorsally andprolaterally, 4 spines
retrolaterally (Fig. 9A) and3 spines ventrally in a ver-
ticalrow;patellaIVwithapprox.7spinesonthedorsal
side(Fig.9B),approx.6spinesontheprolateralside,all
verysmall,and3spinesventrallyinaverticalrow.Leg 
measurement: LegI:femur4.2,patella1.63,tibia3.06,
metatarsus 2.76, tarsus 1.58, total 13.23.Leg II: femur
3.47,patella1.53,tibia2.66,metatarsus2.24,tarsus1.48,
total11.38.LegIII:femur3.07,patella1.35,tibia1.88,
metatarsus2.37, tarsus1.52, total10.19.LegIV:femur
3.91,patella1.59,tibia2.99,metatarsus2.78,tarsus1.64,
total12.91.Formula:1>4>2>3.

Etymology. ThespecificepithetisaLatinnoun(iugum 
=ridge)inapposition,referringtothestronglydeveloped
ridgesalongthecheliceralgrooveofthemales.

Distribution. Known only from the Mt Ida region ap-
proximately 16 km east of Ularring in the Goldfields
region of Western Australia (Fig. 10). The habitat of the 
holotype comprises Acacia shrubland.

3.3. Missulena manningensis sp. nov.

http://zoobank.org/D847F421-25EA-4FA2-8989-38837493-
CD19

Figs10–12

Type material. Holotype: AUSTRALIA–WesternAustralia•♂;Mt
Manning area, site CR2; 30°27.95′S 119°58.02′E; 21 June 2008; J.
Francesconileg.;WAMT92071.

Diagnosis. Males share with M. davidi sp.nov.,M. iugum 
sp.nov.,M. langlandsi, M. occatoria and M. insignis, the 
closest morphological matches, the red colouration of the 
cheliceraeandparscephalica.Theydiffer fromM. lan-
glandsibyalongercarapace(>3.00mm;M. langlandsi 
up to 2.8 mm) and the presence of strong, conical spines 
of the rastellum (simple in M. langlandsi).They differ
from M. occataria and M. insignis by the lack of spines 
ventrallyonpatellaeIIIandIV(atthemost1thickened
seta). Pars cephalica lower than in M. occataria (up to 
1.96;M. occatariaapprox.3.0)andcarapaceshorter(3.6
long,4.61wide;M. occatariaapprox.5.0long,7.0wide).
MorecuspulesonthelabiumandmaxillaethaninM. in-
signis but less than in M. davidi sp. nov. (M. insignis: 
none;M. manningensis sp.nov.:5atlabium,30atmaxil-
lae;M. davidisp.nov.:15–10atlabium,35–100atmax-
illae).Lacksaridgedcheliceralgroovewhichispresent
in M. iugumsp.nov.

Description. MALE(basedonholotype;WAMT92071).
Total length8.95.Colour: pars cephalica and chelicer-
aeorange(Fig.11C);aslim,blackringsurroundingthe
PME(Fig.11H);parsthoracicabrownwithalight,pur-
plish sheen (Fig. 11C); abdomen greyish with a light,
metallicbluesheenon thedorsal side (Fig.11D),ven-
trally more brownish with a faint hint of purple (Fig. 
11E); sternumorange, slightly fading intoolivewith8
sigilla indifferent shadesoforange (Fig.11G); labium
andmaxillaeorangewithadarkolivespotonthebase
oflabium(Fig.11F);legsolivefadingintolightbrown
ventrally,dorsallybrown(Fig.11A,B);spinneretsbeige
(Fig.11E).Carapace:3.6long,4.61wideand1.96high;
clypeus0.31;parscephalicacovers2.25ofitslength,is
highlyelevatedandslightlygranulatedwithveryfewse-
tae(Fig.12D);parsthoracicaalsogranulatedwithbands
of faint, radial fissures andwith two deeply expressed
notches close to the abdomen (Fig. 11C). Eyes:OQ3.4
timeswiderthanlong;outerwidthofeacheyepairAME
0.48,ALE2.26, PME1.44 andPLE2.14; diameter of

http://zoobank.org/D847F421-25EA-4FA2-8989-38837493%C2%ADCD19
http://zoobank.org/D847F421-25EA-4FA2-8989-38837493%C2%ADCD19
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AME0.19,ALE0.19,PME0.13,PLE0.17;anterioreyes
inastraightline;posterioreyesstronglyrecurved(Fig.
11H). Chelicerae:2.17longand1.41wideonthebase;
edgesroundedandrecurvedwiththewidestpointbeing
1.51 close to the chelicerae base (Fig. 11C); few setae
alongtheinnermarginandslightlymoreevenlyspread
setaealongtheanteriorpartofthechelicerae;rastellum
present, slightly pronounced, consisting of a sclerotized 
processwith5(left8)strong,conicalspines(Fig.11I);
over20setaecovertheanteriorbaseoffangofeachche-
licera;innermarginofcheliceralfurrowwith2rowsof
teeth and a general cheliceral teeth area in between those 
2clearrows(Fig.12G);prolateralrowwithapprox.11
teeth;retrolateralrowwith4teeth;intermediateareawith
5 small teeth. Maxillae:2.09longand1.5wide;atleast
30extremelyweaklydevelopedcuspulesalonganterior
margin (Fig. 11F). Labium:0.79longand0.86wideon
thebase; conical; at least 5 extremelyweakdeveloped
cuspulesanteriorly(Fig.11F);labiosternaljunctionvisi-
ble (Fig. 11G). Sternum: 2.62longand2.29wide;ovoid
(Fig. 11G); setae of various length somewhat densely
but irregular along the margin and a smaller amount of 
setaespreadunevenlyover thesternum;4pairsofsig-
illa,anteriorpairverysmallandhardlyvisible, second
pairalsohardlyvisible,smallestofallpairsanddivided
intotwocircles, thirdpairsignificantlylarger thansec-
ond (roughly 4 times bigger) in the shape of an elongated 
oval,andposteriorpairbiggest(roughly2timesthesize
of the third pair) and drop-shaped, all sigilla slightly de-

pressed. Abdomen:3.12longand2.74wide;shapeofa
rounded trapezoid (but collapsed through preservation;
Fig.11D);4spinnerets,PLS0.43long(partofitbroken
off), 0.35wide; PMS0.37 long, 0.19wide (Fig. 11E).
Pedipalp:lengthoftrochanter1.64,femur4.46,patella
1.82,tibia3.75,tarsus0.64;allsegmentswithsetae,tibia
ventrally coveredwith comparably long and dense se-
tae(Fig.12A–C);tibiaratherthinandslightlyrecurved,
1.00wide on thewidest point from dorsal/ventral and
prolateral/retrolateral view (Fig. 12A–C); bulb roughly
pyriform, two strongly sclerotized sections connected 
byavelarmedianstructure(“haematodocha”);embolus
rathershortandbendwithanintumescenceinproximal
region; tip of embolus triangularwith a small lamella,
bestvisibleretrolateral(Fig.12I),andatooth,bestvis-
ible prolateral (Fig. 12H). Legs: brownsetaeofvarious
sizesonallsidesofthelegsandbenttowardstheexterior
withtheexceptionofthefemursetaeonventralposition
which aremostly vertically; ventral preening comb on
tarsi and metatarsi III and IV. Leg spination: leg I: tibia 
rl0,v17,pl0,d0;metatarsusrl0,v9,pl0,d0;tarsusrl0,
v154-8-3,pl0,d0;legII:tibiarl1,v12,pl0,d0;metatar-
susrl0,v8,pl0,d0;tarsusrl0,v10,pl2,d0;legIII:tibia
rl3,v13,pl0,d7;metatarsusrl3,v6,pl3,d9;tarsusrl3,
v11, pl4, d5; leg IV: tibia rl0, v12, pl0, d0;metatarsus
rl0,v12,pl5,d1; tarsusrl8,v13,pl7,d5;patellaIwith
8spinesspreadoutprolaterallyandonespineventrally
closeto tibia;patellaIIwithonespineprolaterallyand
oneventrallybothclosetotibia;patellaIIIwith26spines

Figure 10. Distribution records of Missulena manningensissp.nov.andMissulena iugumsp.nov.inWesternAustralia.
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spread out dorsally and prolaterally and one spine retro-
laterally(Fig.12E);patellaIVwithapprox.14spineson
thedorsalside(Fig.12F)andapprox.15spinesonthe
prolateral side, all very small.Leg measurement: Leg 
I: femur 4.0, patella 1.37, tibia 2.97, metatarsus 2.69,
tarsus1.56,total12.59.LegII:femur3.4,patella1.12,
tibia2.5,metatarsus2.38, tarsus1.47, total 10.87.Leg
III:femur2.81,patella1.05,tibia1.94,metatarsus2.26,

tarsus1.54, total9.6.Leg IV: femur3.28,patella1.13,
tibia2.83,metatarsus2.41,tarsus1.59,total11.24.For-
mula: 1>4>2>3.

Etymology. Thespecificepithetreferstothetypelocali-
ty,MtManning,intheGoldfieldsregionofWesternAus-
tralia.

Figure 11. Missulena manningensissp.nov.Maleholotype(WAMT92071):Ahabitus,dorsalview;Bsame,ventralview;C cara-
pace,dorsalview;Dabdomen,dorsalview;Eabdomen,ventralview;Fmaxillae,labium,andchelicerae,ventralview;G sternum, 
ventralview;Heyeregion,dorsalview;Irastellum,anteriorview.Scalebars:A,B5.0mm;C–I2.0mm.
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Distribution. Known only from the Mt Manning area ap-
proximately47kmnorthwestofBoorabbinintheGold-
fieldsregionofWesternAustralia(Fig.10).Thehabitat
of the holotype comprises open tall eucalypt woodland 
withmixedshrubs.

4. Discussion

ThisstudyhighlightsthedifficultyindiagnosingMissule-
na species morphologically in the absence of a molecular 
framework (e.g., a barcoding framework in our study). 
Thereclearlyissubstantialintraspecificvariationiflarge
specimenseriesareavailablefortaxonomicdescriptions,

Figure 12. Missulena manningensis sp.nov.Maleholotype(WAMT92071):Arightpedipalp,retrolateralview;Bventralview;
Cprolateralview;Dcarapace,lateralview;EpatellaIII,dorsalview;FpatellaIV,dorsalview;G pattern of cheliceral teeth in 
cheliceralgroove;Hleftpedipalp,emboluswithembolartooth,prolateral-dorsalview;I left pedipalp, embolus with lamella, retro-
lateral-ventralview.Scalebars:A–D2.0mm;E–G1.0mm;H,I40µm
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buttherealsoismorphologicaloverlapinspeciesthatare
clearlydefinedatthegeneticlevel,asillustratedhereby
ourspeciestripletthatoverlapsmorphologicallyinsever-
aldiagnosticcharacters(Figs13–15;Table1).

Our analyses suggest that females are substantially 
morevariablethanmales,andthatmostofthemorpho-
logical characters that are used in Missulena taxonomy
arealsovariable.Charactersthatappeartobemostuse-
ful in distinguishing species, at least in males, are the the 
numberofcuspulesonmaxillaeandlabium,theposition-
ingofeyes,specificallythePMEandPLEwidthinrela-
tiontotheALEwidth,andtheoverallshapeandcolour
of the carapace.Whilst variable and subject to overlap
between species, the number of cuspules is a good char-
acter for our species triplet but perhaps also other Missu-
lena species forwhichoriginal data are available (e.g.,

Faulder1995;HarmsandFramenau2013;Miglioetal.
2014;FramenauandHarms2017).Eyepatternsarealso
usefulsincetheirratioscanbequantifiedirrespectiveof
carapacesize.ThewidthofthePMEandPLEpairinre-
lationtotheALEpairsomehowoverlapsinourspecies
triplet, especially between M. davidisp.nov.andM. man-
ningensis sp.nov.,butitdoesshowatendencyandcan
be useful for other species in the genus, e.g., M. faulderi 
showsasmaller%widthofPLEwithca.78%vs.90to
98%inM. davidisp.nov.(HarmsandFramenau2013).

Charactersthatwefoundtobehighlyvariableandof
little use, both within and between species, are body co-
louration (often subject to variable storage conditions),
sternum size and shape, position and shape of sigilla (spe-
cificallyvariable in females),and thenumberof spines
on the rastellum.This result is irrespectiveof potential

Figure 13. Variability in Missulena davidi sp.nov. males: Acarapace,dorsalview(T119729,cladeIII);Bcarapace,dorsalview
(T120081,cladeII);Ccarapace,dorsalview(T119727,cladeII);Dcarapace,dorsalview(T119733,cladeIII);Esternum,ventral
view(T113596,cladeI);Fsternum,ventralview(T84005,cladeI);Gabdomen,dorsalview(T119727,cladeII);H abdomen, 
dorsalview(T125176,cladeIII);Ieyeregion,dorsalview(T120081,cladeII);Jeyeregion,dorsalview(T84005,cladeI);K eye 
region,dorsalview(T119729,cladeIII);Lrastellum,anteriorview(T84005,cladeI);Mrastellum,anteriorview(T119726,clade
II).Scalebars:A–M2.0mm



Arthropod Systematics & Phylogeny 79, 2021, 509–533 529

changes in the tree topology in the phylogeny if addition-
al markers (e.g., nuclear genes) are used. A further char-
acter that should be treated with caution is the number 
andpositionofcheliceralteethandagrooveitself(e.g.,
ridge present in M. iugum sp.nov.;distal teethbladein

M. faulderi). For species delineation in females, we rec-
ommendevaluatingpatellaespinationpatternsfurtherbe-
causetherewaslittlevariabilityandthenumberofspines
in M. davidi sp.nov. females(seeTable1)werediffer-
ent in comparison to other species for which data were 

Figure 14. Variability in Missulena davidi sp.nov.females:Acarapace,dorsalview(T116874,cladeIV);Bcarapace,dorsalview
(T116776,cladeI);Ccarapace,dorsalview(T113591,cladeIII);Dcarapace,dorsalview(T122226,cladeIII);E carapace, dorsal 
view(T126272,cladeII);Fsternum,ventralview(T116776,cladeI);Gsternum,ventralview(T119711,cladeI);Hleftmaxilla,
ventralview(T119979,cladeIV);Irightmaxillae,ventralview(T116868,cladeI);Jeyeregion,dorsalview(T116839,cladeI);
Keyeregion,dorsalview(T119979,cladeIV);Leyeregion,dorsalview(T122865,cladeI);Meyeregion,dorsalview(T126264,
cladeIII);Nrastellum,anteriorview(T125316,cladeIII);Orastellum,anteriorview(T102165,cladeI).Scalebars:A–G4.0mm;
H–O2.0mm.
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Figure 15. Missulena davidi sp.nov.,maleandfemalevariabilityincarapacelengthandwidthinmm;n=24females,12males.

Figure 16. Missulena davidi sp.nov.,maleandfemalevariabilityinPLEandPMEwidthinrelationtotheALEwidthshownin%;
n=25females,12males.

Figure 17. Missulena davidi sp.nov.,maleandfemalevariabilityinnumberofspinesontherastellum;n=26females,12males.
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available (e.g.,M. occataria:nospinesonpatellae;see
Wormesley,1943).Weemphasizethatnosinglecharacter
is diagnostic alone and it is worth bearing this in mind 
when identifying or describing new species. 

Although our phylogenetic analysis is based on a COI 
dataset rather than a multi-gene dataset that incudes ad-
ditional nuclearmarkers, theremay be several general
implications. First of all, it is clear that Missulena is 
highly diverse at the genetic level (Fig. 2) withmany
more putative species awaiting detailed taxonomic as-
sessment. This is not necessarily a new outcome since 
previousbarcodingstudies(e.g.,Castalanellietal.2014;
HarmsandFramenau2013;FramenauandHarms2017)
have highlighted high genetic diversity in theWestern
Australian fauna, and most Missulena species (including 
sevenpreviously recoveredsynonyms; seeWormersley
1943;Main 1985) have been described from this state
todate.However,thepresenttreeaddsmanyadditional
sequences and showcases strikingpatternsofdiversity,
particularly in the arid and semi-arid regions of Western 
Australia.

Secondly, it is evident that females are substantially
morevariablethanmalesandspeciesidentificationbased
on morphology is harder, if not impossible. This may be 
trivialbutconsidering thatweprovide thefirstdetailed
description of female Missulena based on a large sam-
ple size, this reinforces what is already known in other 
lineages of trapdoor spiders in Australia (e.g., Atracidae: 
Hadronyche, Gray 2019; Halonoproctidae: Conothele, 
Huey et al. 2019; Idiopidae: various genera; e.g., Rix
etal.2018,2019).Examininglargeseriesofspecimens
willhelptobetterunderstandpatternsofvariabilityinall
thesetaxa.

Thethirdoutcomeisthatvariabilityinthecharacters
examined is not simply an expression of isolation by
distanceat thegenetic levelbutratheranexpressionof
naturalvariability.Mitochondrialdataalonehaveseveral
limitationsand thephylogenetic resultsgivenheremay
beaffectedbyincompletelineagesortingand/orevensat-
urationat thedeepernodesof thephylogeny.However,
weareassessingvariabilityatshallownotes,inparticular
population structure, where the COI gene is clearly one of 
themosteffectivemarkers.Hereitisinterestingthatthere
issubstantialvariationevenwithinlocalisedpopulations
forseveralmorphologicalcharacterswescoredalthough
COIsequenceswere(almost)identical.Theexamination
oflargespecimenserieswillprovideanaccounttosuch
natural variability thatmay ormay not have a genetic
base in the nuclear genome. 

Another outcome is that not necessarily all Missulena 
specieshaverestrictedrangesandthatatleastsomespe-
ciesarequitewidespread.Thisisperhapsnotasurpris-
ingoutcomegiven that several species, suchasandM. 
bradleyiRainbow,1904,M. occatoriaWalckenaer,1905
and M. dipsaca Faulder, 1995, were always considered 
widespread (e.g.,Wormersley1943;Faulder1995),but
this assessment was based on morphology only and be-
foremoleculartechniquesrevealedahighlydiverseand
often cryptic fauna of trapdoor spiders in Australia (e.g., 
Castallanelli et al. 2014).

One may argue in the case of M. davidi sp.nov. that
boththegeneticandmorphologicalvariabilitymaypoint
to a radiation of closely related species that are cryptic, 
similar to Bertmainius tingle (Main1991) in southwest-
ern Australia for which a dataset comprising two genetic 
markers(COIandITS-2;seeCooperetal.2011;Harvey
et al.2015) is available.The latterwasonceconsidered
to be a single species with pronounced genetic diver-
gences between localised populations but has since then 
bereclassifiedintosevenspecies,eachofwhichwithvery
narrow distribution ranges and nuclear plus mitochondrial 
geneticdifferentiation(Harveyetal.2015).Incontrastto
Bertmainius,morphologicalandgeneticdivergencesinM. 
davidi sp. nov. do not correlatewith spatial isolation of
populations and morphological variability is distributed
ratherrandomlyacrossthefourcladesthatweidentified
atthemtDNAlevel.Missulena davidi sp.nov. may be an 
interesting case of incipient speciation but morphology 
cannot be used to diagnose any of the four genetic clades 
againsttheother.Thesecladeshaveoverlappingdistribu-
tionswithapotential forgeneflow.Bearing inmind the
absence of spatial isolation between these clades, over-
lapping morphological character sets between these, and 
thelackofdataaboutbiology,behaviour,andecological
niche,wepresentlyfavourthehypothesisofasinglespe-
cies for M. davidi sp.nov..Thisisdespitethehighgenetic
divergencesofupto22%thatexceedpreviouslyconsid-
ered barcoding thresholds to delineate mygalomorph spi-
derspecies(e.g.,9.5%inCastalanellietal.2014;~15%
within Aname mellosa,Harveyetal.2012)orvaluesused
inaraneomorphspiderspecies(partlyreviewedinAbelet
al. 2020).The high genetic divergences are sharedwith
some other highly-structured arachnid species such as 
theharvestmenAokari denticulata(19%;seeBoyeretal.
2007)orschizomids(seeAbramsetal.2019,2020).Our
decision of a single species is made following the cohesion 
speciesconceptasdefinedbyBondandStockman(2008)
who suggested a combination of character sets rather than 
singlelinesofevidence(geneticsormorphology).Missu-
lena davidisp.nov.apparentlyrepresentsanongoingra-
diationinadynamiclandscapethathasyettoevolveinto
morphologically (and perhaps biologically) discrete units.

Research using genomic tools could help further re-
solvethespeciesboundariesinthisradiation,providing
a more robust molecular framework to test species con-
cepts(e.g.,Ivanovetal.2021;Newtonetal.2020).
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