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CHAPTER70

INFRAORDERANOMURA MACLEAY, 18381)

BY

CHRISTOPHERC. TUDGE,AKIRA ASAKURA AND SHANET. AHYONG

Contents.– Intr oduction and deÞnition – Remarks– Diagnosis.External morphology – General
habitus– Cephalothorax– Pleon– Appendages.Inter nal morphology– Muscles– Nervoussystem
– Senseorgans– Digestive system– Circulatory system– Excretorysystem– Genital apparatus
andreproduction– Endocrinesystem.Development and larvae – PaguroideaandLithodoidea–
GalatheoideaandChirostyloidea– Aegloidea– Hippoidea.Ecologyand ethology– Ecologicaldis-
tribution – Shell andotherobjectuse– Symbioticassociation– Parasites– Predators– Ethology.
Economicimportance – Paguroidea– Lithodoidea– Galatheoidea.Phylogenyand biogeography
– Phylogeny – Biogeography. Systematicclassi�cation.Appendix. Acknowledgements.Bibliog-
raphy.

INTRODUCTIONAND DEFINITION

Remarks

Anomura,of all the decapodinfraorders,hashad a particularly unstabletaxonomic
history, with groupssuchasthe dromiaceancrabsandthe thalassinideanshrimpsbeing
variouslyincludedandexcludedover theyears(seereviewsby Martin & Davis, 2001and
McLaughlinet al., 2007a).Thenamefor thegroup(AnomalaversusAnomura)hasalso
beenvigorouslydebated(McLaughlin& Holthuis,1985).Most classi�cationsrecognize
three major groupings:Galatheoidea(squat lobstersand porcelaincrabs),Paguroidea
(symmetricalandasymmetricalhermitcrabsandking crabs),andHippoidea(molecrabs),
but with other smaller independentgroups (e.g., Lomisoidea,Aegloidea, Kiwaoidea)
adding to the incredible morphologicaldiversity. More recently the classi�cation of
the squat lobsterswas revised to recognizeGalatheoidea(restricted to Galatheidae,
Munididae,andMunidopsidae),andChirostyloidea(for Chirostylidae,Eumunididae,and

1) Manuscriptconcluded19June2010;revisedDecember2010.

© Koninklijke Brill NV, Leiden,2012 Crustacea9B (70): 221-333
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222 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Kiwaidae)(Ahyongetal.,2010;Schnabel& Ahyong,2010).Themonophyly of Anomura
is now well established,as is its sistergroup relationshipto the infraorderBrachyura
(the truecrabs);togetherforming theMeiura of Scholtz& Richter (1995).Anomura,as
currentlyconceived, comprises7 superfamilies,20 families,over 200 genera,and2200
species.

Unlike the morespecioseBrachyura, the fossil record for Anomurahasbeenlimited
(Burkenroad,1963;Glaessner, 1969),and it hasonly beenin the last decadethat their
known fossiloccurrencehasreallybeenexpandedbothin timeandin diversity. Theoldest
known anomuran,Platykotta akainaChablais,Feldmann& Schweitzer, 2010(Platykot-
tidae),is of UpperTriassicage,but uncertainsuperfamilial af�nities. Otherknown fossil
anomuransspanthefollowing ranges:Aegloideafrom Early to LateCretaceous(marine)
(Feldmann,1984;Feldmannet al., 1998);Galatheoideafrom theLower Jurassicto Pleis-
tocene(Glaessner, 1969;Schweitzer& Feldmann,2000,2005;De Angeli & Garassino,
2002);Hippoideafrom Middle andLateEocene(Boyko, 2002);Paguroideafrom Jurassic
to Oligocene(Glaessner, 1969;Feldmann& Keyes,1992;Karasawa,2002;Fraaije,2003;
Schweitzeretal.,2005;Jagtetal.,2006;VanBakel etal.,2008);andLithodoideafrom the
Miocene(Feldmann,1998).No fossilsof Lomisoideaareknown at present,andtheold-
estchirostyloidis of Cretaceousage(Schweitzer& Feldmann,2000).All of thesefossil
occurrencesareyoungerthanthe recentlyproposeddivergencetimesfor Anomura(Car-
boniferous350-300mya)andsomesubclades(Permian-Triassic250mya) inferredfrom
moleculardata(Porteretal., 2005).

Diagnosis

Carapacevariablein shape,not fusedto epistome;epistomeprotectedby sidesof cara-
pace;eyes well-developed,stalked, compound;antennulaewith peduncle3-segmented,
�agella usuallypaired;antennalpedunclewith 5 (sometimes6) or fewersegments,exopod
reducedto acicle,�agellum variablein length;maxillipedsusuallypediform,exopodusu-
ally with �agellum, cristadentatausuallywell developed;�rst pereiopodusuallychelate;
secondand third, and often fourth pereiopodsambulatory; fourth pereiopodsometimes
chelateor subchelate;�fth pereiopodusuallychelateor subchelate;male�fth pereiopod
sometimeswith sexual tubes;eighththoracomerelooselyconnectedto sevenththoracom-
ere;pleopodsrarely well-developed,often reducedor presentonly on oneside;�rst and
secondpleopodsoftenmodi�ed asgonopodsin bothsexes;uropodsoftenreducedor mod-
i�ed, occasionallyabsent;uropodalexopodwithoutsuture;telsonoccasionallyreducedor
absent;�rst pleomereinnervationfrom ganglionattachedto thoracicganglionicmass[af-
terDavie, 2002;Poore,2004].

EXTERNAL MORPHOLOGY

Generalhabitus

Anomura exhibit a great diversity in body form. In the asymmetricalhermit crabs
(Paguroidea: Paguridae,Diogenidae,Coenobitidae,Parapaguridae,andPylojacquesidae),

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 223

thepleonis generallysoft,membranous,anddextrally twisted(but see“Pleon” below for
exceptions)(�g. 70.1C-I). In the hermit crab family, Pylochelidae,however, the pleon
is well developedandsymmetrical,and the segmentationis clearly de�ned, so that the
generalappearanceis morecray�sh-like (�g. 70.1A,B).

Lithodoideagenerallypresentacrab-like(carcinized) bodyform, in whichthepleonis
mostlyfoldedbeneaththecephalothorax(�g. 70.2A-C).Thepleonis symmetricalin male
lithodoids,asymmetricalin females.

Membersof Galatheoidea and Chir ostyloidea are the anomuransknown as squat
lobsters,porcelaincrabs,and the yeti lobster. Most have cray�sh-like body forms in
which the pleon is well developed, straight, and symmetrical,and the tergites and
most sternitesare strongly calci�ed (�gs. 70.3C-E, 70.17A, 70.18A). The porcelain
crabs (Porcellanidae),however, usually exhibit a crab-like body form, in which the
cephalothoraxis strongly �attened and the pleon is almost fully folded beneaththe
cephalothoraxandnotvisible from the dorsalaspect(�gs. 70.3F, 70.19A).

TheendemicSouthAmericanfreshwatergroupAegloideagenerallyresemblegalathe-
oids in body form (where they were originally placed),but have shorter chelaeand
a rounder posterior end (�g. 70.3A). The pleon is well developed, elongated, and
symmetrical,andis carriedpartiallyunderthecephalothorax,with 3 or 4 pleonitesvisible
dorsally;the tergitesandmoststernitesarestronglycalci�ed (seeMartin & Abele,1988
for review of aeglid externalmorphology).

Lomisoideais representedby only onespecies,Lomishirta (Lamarck,1818),andthe
generalappearanceis super�cially very similar to porcelaincrabsor somelithodoidsin
which thepleonis almostcompletelyfoldedbeneaththe cephalothorax(�g. 70.3B)(see
McLaughlin,1983a).

The almost universal burrowing habit of Hippoidea has presumablyplacedsome
restrictionon the somaticmorphologyin this group, but albuneidsand blepharipodids
show a generallycrab-like bodyform (similar to brachyuranraninids)with their walking
legsvisible dorsally, while thehippidsaremoreelongate,oval in outline,andall of their
limbscanbetuckedunderthebodyto beinvisible in dorsal view (�g. 70.4A-D).

Cephalothorax

Thecephalothoraxconsistsof a headwith � ve cephalicsomitesbearingantennulae,
antennae,mandibles,maxillules, and maxillae, plus three thoracomeres bearing �rst
through third maxillipeds, and a thorax with � ve somites bearing �rst through �fth
pereiopods.All of thesesomitesare completelyfusedso that the segmentationis not
immediatelyrecognizedexternally. Thecephalothoraxis entirelycoveredby thecarapace
in all anomurantaxa,but thedegreeof calciÞcationvariesin hermitcrabs.

The cephalothoraxis ventrally representedby a seriesof sternal plates (�g. 70.5G).
The sternalplatesin GalatheoideaandChirostyloideaarebroadandtermedthe sternal
plastron (fusedfourthto seventhsternites).In Galatheoidea,theeighthsterniteis calci�ed
andarticulateswith the sternalplastron.In Chirostyloidea,the eighthsternite is absent.
Theventralpartsof theantennularandantennalsomitesformtheepistome, whichmayor

© 2012 Koninklijke Brill NV



224 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.1. 2) Generalhabitus (dorsal) of Paguroidea.A, Trizocheles caledonicusForest, 1987
(Pylochelidae);B, Pomatochelesjeffreysii Miers,1879(Pylochelidae);C, PagurusinsulaeAsakura,
1991(Paguridae);D, XylopagurusrectusA. Milne-Edwards,1880(Paguridae);E, Solitariopagurus
triprobolus Poupin & McLaughlin, 1996 (Paguridae);F, Tisea grandis Forest & Morgan, 1991
(Diogenidae);G, Birguslatro (Linnaeus,1767)(Coenobitidae);H, Probeebeimirabilis Boone,1926
(Parapaguridae);I, TylaspisanomalaHenderson,1885(Parapaguridae).[A, B, D, E, F, H, I, after

Asakura,2003;C, photoby Akira Asakura;G, afterAlcock,1905.]

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 225

Fig. 70.2.Generalhabitusof Lithodoidea.A, Paralomismultispina; B, Hapalogasterdentata(De
Haan,1849);C, CryptolithodesexpansusMiers, 1879.A, B, dorsal;C, ventral.[A, photoby Akira

Asakura;B, afterKamita,1956;C, afterMakarov, 1938.]

maynotbefusedinto asingleplateandis sometimesprovidedwith aspine,theepistome
spine (�g. 70.5D) (Sandberg & McLaughlin, 1998). In Parapaguridae,a single Òlabral
spineÓis provided on the anteriorportion of the labrum that is generallyfusedto the
epistome(�g. 70.5D)(Lemaitre,1989).Theophthalmic sternite isgenerallymembranous
andunarmed,but in Diogenes(Diogenidae),a rostriformprocess,theintercalary rostral
process, is developed(�g. 70.5A-C).

Thereis somedebateconcerningthe validity of an ocular sternite, i.e., whetherthe
ocular pedunclescouldor couldnot be interpretedasappendagesof a truesegment(cf.
Mayrat& deSaintLaurent,1996).Theocularpedunclewasatonepoint thoughtto be2 or
3 indistinguishablesegments(Power, 1969).In this chapter, though,we regardtheocular
pedunclesasnot beingappendages,following McLaughlin(1980,1983c).In Paguroidea,
theocularpeduncleis providedbasallywith asmall, calci�ed platereferredto asanocular
acicle, or in somegeneraof Pylochelidae,anocular plate or basalocular piece(Forest,
1987a;Forestet al., 2000).The ocular acicle is reducedor absentin Lithodoidea,and
absentin GalatheoideaandChirostyloidea.

In Albuneidaeand Blepharipodidae,the ocular pedunclesare composedof three
segmentsbut lack ocular acicles(Boyko, 2002). The proximal segmentsare fused to
form the ocular plate. The medianpedunclesegmentsare either a pair of small, free,
calci�ed elements,or arefusedto theocularplate.Thedistalpedunclesegmentscontain
the corneas. In Blepharipoda, the apparentdivision of the distal pedunclesegment is
recognized(�g. 70.9B). However, this is not a true segmentation,but is only a weak
calci�cation separatingthesegmentinto two pseudo-segments(Boyko, 2002).

PAGUROIDEA

Thedorsalsurfaceof thecarapaceis generallyvery �at, but speciesin severalgenera
including Pylochelesand Cheiroplatea in Pylochelidae,Pylopagurus and Xylopagurus

2) In this captionwith habitus�gures, all authoritiesanddatesof speciesnamesaregiven,whereas
in subsequentcaptionsonly namesat �rst mentionareprovidedwith authoranddate;all authorsand
datescanbeseenin theAppendixwith thenamesof generaandspeciesalphabeticallyarranged.

© 2012 Koninklijke Brill NV



226 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.3.Generalhabitus(dorsal)of variousAnomura.A, Aegla schmitti Hobbs,1979(Aegloidea,
Aeglidae);B, Lomishirta (Lomisoidea,Lomisidae);C, Gastroptychusaf�nis (Chace,1942)(Chi-
rostyloidea,Chirostylidae);D, Kiwa hirsuta Macpherson,Jones& Segonzac,2005(Chirostyloidea,
Kiwaidae);E, Munida quadrispina(Galatheoidea,Munididae);F, Pisidia inequalis(Heller, 1861)
(Galatheoidea,Porcellanidae).[A, after Martin & Abele,1988;B, after McLaughlin,1983;C, af-
ter Chace,1942;D, basedon Macphersonet al., 2005;E, afterBenedict,1902;F, afterWerding&

Hiller, 2007.]

in Paguridae,andCancellusin Diogenidaehave amoreconvex, subcylindrical carapace
(�g. 70.6A-C).Usually, the carapaceis calci�ed only in the anteriorpart, referredto as
theshield (= gastric region, Pilgrim, 1973;gastric carapace, Sandberg & McLaughlin,

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 227

Fig. 70.4. Generalhabitusof Hippoidea.A, Lophomastixjaponica (Duru�é, 1889) (Blepharipo-
didae);B, Albuneasymmysta(Linnaeus,1758)(Albuneidae);C, EmeritabenedictiSchmitt,1935
(Hippidae);D, Hippapaci�ca (Hippidae).A, B, D, dorsal;C, left lateral.[A, B, afterMiyake,1978;

C, afterWilliams, 1984;D, afterMiyake,1982.]

1998). The posterior portion of the carapaceis usually membranousand called the
posterior carapace (= posterior cardiac region, Sandberg & McLaughlin, 1998)
(�g. 70.6C).

Theanteriordorsalsurfaceof theshieldis providedwith arostrum andapairof lateral
projections, or a post antennal spine, on the anteriormargin. The rostrumis generally
more or less reduced,but exceptionsare speciesof Labidochirus, Porcellanopagurus,
and Solitariopagurus in Paguridae,and Probeebeiin Parapaguridae,that have a well-
developedrostrum(�g. 70.6D-E).The rostrumis absentin speciesof Pylocheles, and,
instead,a medianconcavity is providedon theanteriormargin of theshield(�g. 70.6B).
The lateralprojectionsareusuallysmall in speciesof DiogenidaeandParapaguridaeand
mostspeciesof Paguridae,but they arelargein PorcellanopagurusandSolitariopagurus.
A pair of grooves from eachposterolateralmargin to the anteriorportion of the shield
aresometimesrecognizedandreferredto aslinea-d (Pilgrim, 1973;Lemaitre,1995).The
linea-dis exceptionallylongin Xylopagurus(Paguridae)andreachestheanteriormargin of
theshield (Lemaitre,1995).A pair of post-gastricpits andsometimesa y-shapedgroove
calledY-linea, in particularin speciesof Diogenidae,canalsobe recognizedposteriorly
on theshield.Theshield is delineatedposteriorlyandlaterallyby thecervical grooveand
separatedposteriorlyfrom theposteriorcarapaceby a narrow, usuallyuncalci�ed hinge,
thelinea transversalis.

A pairof calciÞedregionsis mostoftenrecognizedoneithersideof theposteriormar-
gin of theshield.Lemaitre(1995)designatedthis structurethe“accessoryportion” in his

© 2012 Koninklijke Brill NV



228 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.5.Cephalothoraxof Paguroidea.A-C, intercalaryrostralprocessof Diogenes (Diogenidae):
A, serrate;B, vestigial; C, simple; D, anterior portion of Parapaguridae:eps,epistome;eps-sp,
epistomialspine; lb, labrum; lb-sp, labral spine;E, corneaswithout pigmentation,Cheiroplatea
laticaudata; F, ocularpeduncleswithout visible corneas,Typhlopagurusforesti; G, ventralview of
cephalothorax,Pseudopaguristesbollandi Asakura& McLaughlin,2003:anl, anterorlobe;co-ch,
coxaof cheliped;co-p2to co-p5,coxaeof secondto �fth pereiopod;pl-1, �rst pleopod;pl-2, second
pleopod;pol,posteriorlobe;st, sternite;st-ch,sterniteof chelipeds;st-p2to st-p5,sternitesof second
to �fth pereiopod.[A-C, illust. by Akira Asakura;D, afterLemaitre,1989;E,F, afterAsakura,2003;

G, afterAsakura& McLaughlin,2003.]

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 229

Fig. 70.6.Carapace(dorsal)of PaguroideaandLithodoidea.A, Trizocheles(Pylochelidae);B, Py-
locheles(Pylochelidae);C, Calcinus(Diogenidae);D, Porcellanopagurus(Paguridae);E, Solitari-
opagurus(Paguridae);F, diagrammaticlithodid. AbbreviationsA-E: ac1,anteriorcarapacelobe1;
ac2,anteriorcarapacelobe2; ac3,anteriorcarapacelobe3; adp,anterodorsalplate;al,antennule;an,
antenna;cg,cervicalgroove;cll, carapacelaterallobe;cor, cornea;cs,cardiacsulcus;gs,postgastric
pit; la, lineaanomurica;ld, linea-d;lp, lateralprojection;lt, lineatransversalis;op,ocularpeduncle;
opl, ocularplate(= basalocularpiece);optp,outerpterygostomialplate;pc,posteriorcarapace;pcl,
posteriorcarapacelateral lobe(element);pcme,posteriorcarapacemedianelement;plp, postero-
lateralplate;pmp, postero-medianplate;pop, post-ocularprojection;ptl, pterygostomiallobes;r,
rostrum;s, shield;scb, sulcuscardiobranchialis;sv, sulcusverticalis;yl, Y-linea.AbbreviationsF:
arp,anteriorrostralprojection;b, branchialregion; c, cardiacregions;drs, dorsalrostralspine;g,
gastricregion; h, hepaticregion; i, intestinalregion. [A, B, after Forest,1987a;C, illust. by Akira

Asakura;D, E, afterMcLaughlin,2000;F, afterSandberg & McLaughlin,1998.]

review of Xylopagurus, presumablydelineatedanteriorlyby the anteriorprolongation of
thecervicalgrooveandposteriorlyby thelineatransversalis.Thisstructureis incorporated
into speciesdescriptionsasÒaccessoryportion of the shieldÓ(McLaughlin& Lemaitre,
2001).Althoughthereis ongoingdebateconcerninginterpretationof thisstructure,asim-
ilar structurefoundin PorcellanopagurusandSolitariopagurusis referredto asthe pos-
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230 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.7. Galatheoideaand Chirostyloidea,anterior carapaceforms. A-C, Chirostyloidea;D-
F, Galatheoidea.Abbreviations: als, anterolateralspine; r, rostrum; oos, outerorbital spine; ss,
supraocularspine. [A, D-F, modi�ed after Babaet al., 2009;B, modi�ed after Ahyong & Poore,

2004;C, modi�ed afterBaba,2009.]

terior carapacelateral lobe or element(McLaughlin,2000)or in Bythiopagurusasthe
carapacelateral lobe (McLaughlin,2003).McLaughlinconsidersthis structurein these
threegeneraaspartof theposteriorcarapaceandnot asaccessorypartsof theshield (an-
terior carapace).Similarly, thecalci�ed platebetweentheposteriorcarapacelaterallobes
in PorcellanopagurusandSolitariopagurusis calledtheposterior carapacemedian ele-
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INFRAORDERANOMURA 231

ment (McLaughlin,2003),andis not partof the lineatransversalisbut a structureon the
posteriorcarapace,posteriorto thelineatransversalis.

On the posteriorcarapace,three distinct pairs of lines or grooves can usually be
distinguished(McLaughlin, 1980, 2003) (�g. 70.6A-C). In the midline we see apair
of elongate sutures,the cardiac sulcus; two short lines or grooves slightly lateral to
this, the sulcuscardiobranchialis; anda linea anomurica on eachsideof the carapace
representsthe third pair. The areabetweenthe two centralcardiacsulci is the postero-
median plate, which is often weakly calci�ed. A pair of postero-lateral plates, found
lateralto thepostero-medianplate,is oftenweaklycalci�ed andeachis borderedlaterally
by the sulcuscardiobranchialis.The entireposteriorcarapaceis well calci�ed in several
genera,includingTisea (Diogenidae),Birgus(Coenobitidae),Ostraconotusin Paguridae,
andTylaspisandProbeebei(Parapaguridae).

Thelateralbranchialregionsof thecarapacearethebranchiostegites, separatedfrom
theotherportionof thecarapaceby thelineaanomurica.Thebranchiostegitesareusually
thin and membranous, but they are well calci�ed in Birgus. The branchiostegites are
anteriorlyproducedasthepterygostomial lobes(Boas,1880),andtheupperportionsare
sometimescalci�ed, eachforming the anterodorsal plate or the outer pterygostomial
plate. Pilgrim (1973) recognizedthe inner pterygostomial plate betweenthe shield
and the outer pterygostomialplate, but this structure is hardly visible externally. The
anterodorsalplateis often interruptedby a moreor lesscalci�ed verticalsulcus,referred
to assulcusverticalis (Boas,1926;Pilgrim, 1973).

Gills of Paguroideaarephyllobranchiate (�g. 70.8A-H). In somespeciesof Paguroi-
dea,suchassomeparapaguridspecies,thegills weredescribedasÒtrichobranchiateÓor
“intermediate”betweentrichobranchs and phyllobranchs (Lemaitre,1989).However,
McLaughlin & de Saint Laurent(1998) have shown that all thosebranchsare actually
phyllobranchs.In true trichobranchiategills, the gill elementsare tubular andareequal
or unequal,but insertedin order or disorder, aroundthe axis. In contrast,the elements
of phyllobranchiategills almostalwaysare insertedbiserially in regular pairsalongthe
rachis (�g. 70.8F).The quadriserialappearinggills of certainspeciesof Pylochelidae,
Parapaguridae,and Paguridaeare insertedbiserially on the rachis,but the lamella of
eachpair is divided, equally or unequally, giving a “trichobranch” or “intermediate”
appearance(�g. 70.8G,H). The gill numbervariesfrom 9 to 13 pairs.The gills consist
of arthr obranchs, arisingon thearthrodialmembranebetweenthecoxaof thepereiopod
(thoracicappendages)andthe body wall (pleuralplate),andpleurobranchs, developed
from the body wall above the baseof the appendages(�g. 70.8A, B, D). Typically, the
arthrobranchsarepresentin pairson eithersideof the third maxillipeds,chelipeds,and
secondthroughfourthpereiopods,andthe1-3 pleurobranchs.

L ITHODOIDEA

Thelithodoidcrabsdifferappreciablyin cephalothoraxform fromtheabove-mentioned
hermit crabfamilies(Macpherson,1988;Sandberg & McLaughlin,1998).Most species
have the cephalothoraxcoveredby a well-calci�ed, vaulted carapacethat is generally
pentagonalor pyriform (�gs. 70.2,70.6F).The dorsalfaceof the carapaceis generally
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232 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.8.Gills of Paguroidea:diagrammaticpagurid,depictingarrangementsof gills. A, left lateral
view; B, D, pleuralplateandproximalportionsof third maxillipeds,chelipeds,andsecondthrough
fourth pereiopods,indicating position of gills; C, gill with narrow lamellae;E, gill with broad
lamellae;F, biserial gill lamella; G, distally divided quadriserialgill lamella; H, deeplydivided
quadriserialgill lamella. Abbreviations: an, antenna;ar-b, position of arthrobranchiategill; ch,
cheliped;mxpd-3, third maxilliped; op, ocular peduncle;pc, posteriorcarapace;pl-b, position of
pleurobanchiategill; pln, pleon;pl-p, pleuralplate;pr-1 to pr-5, pereiopod1 through5; s, shield;

scph,scaphocerite.[Illustration by Akira Asakura.]
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divisible into a seriesof regionsthataredelineatedby a seriesof carapacegrooves. The
smallareasposteriorto theocularpeduncleandto theantennaarecalledtheorbital region
andtheantennalregion, respectively. An anteromedianportionof thecarapace,including
therostrumandanareaimmediatelyposterior, is thefr ontal region. Theareaposteriorto
thefrontal region is thegastric region, andtheareaposteriorto this is thecardiac region.
A small areaposteriorto thecardiacregion is the intestinal region. The lateralportions
overlying the branchiae are referredto as the branchial regions, andareasanteriorto
theseare the hepatic regions. An oblique and transversegroove, the cervical groove,
separatesthe gastric region from the branchialand cardiacregions, curving anteriorly
toward the antennalregion. A short groove delineatingthe posterioredgeof the hepatic
region is thehepaticgroove, separatingit from thebranchialregion.

Thesecarapaceregionstypically bearspinesor granulesof varioussizes(�g. 70.6F).
Spineson the antennal,branchial,cardiac,gastric,and intestinalregionsarereferredto
asantennal,branchial,cardiac,gastric,andintestinalspines,respectively. Therostrum is
well developedandoftenveryprominent.Thebranchiostegitesarewell calci�ed.

As with the Paguroidea,gills of lithodoids are phyllobranchiate. In comparisonto
paguroids,the gill numbersare reduced.The third maxillipeds,chelipeds,and second
throughfourth pereiopodeachhave pairedarthr obranchs; the fourthpereiopodalsohas
onepleurobranch.

GALATHEOIDEA AND CHIROSTYLOIDEA

The carapace in Galatheoideais generallydorsoventrally ßattened to somewhat
subcylindrical (�gs. 70.3E,70.17A). The regions are partially indicated.The cervical
and postcervical grooves are usually well marked. The cervical groove is arcuateand
the postcervicalgroove almost transverse; they coalescemedially. The cardiac and
intestinal regions lie posterior to the cervical groove and are demarcatedfrom the
branchialregionsby a shallow groove.Therostrum exhibits a wide rangeof formsfrom
spiniform,e.g.,Munida, Agononida, Cervimunida(Munididae),to broadlytriangular, e.g.,
Galathea, Phylladiorhynchus(Galatheidae),Munidopsis(Munidopsidae),or truncate,e.g.,
Heteronida (Munididae) (�gs. 70.7D-F, 70.17A). In Munididae,the rostrumis usually
styliform and �anked on either side by a supraocularspine producing a tridentate
appearance(�gs. 70.7F, 70.17A). The orbits in galatheoidsare shallow and ill-de�ned
(Galatheidae,Porcellanidae,Munididae),or absentin thosegenerawith degenerateeyes,
suchasShinkaia, Munidopsis, andGalacantha(Munidopsidae).In munidopsids,a spine
or projection(antennalspine) ontheanteriorcarapacemargin �anking theeye(abovethe
antennalpeduncle)maybepresent(Baba,2005).This ‘antennalspine’,however, appears
to betheremnantof theouterorbit andis probablybettertermedtheouter orbital spine
(�g. 70.7D,E), asin Brachyura,with which it appearsto be homologous.Certainly, the
ÔantennalspineÕin munidopsidsdoesnot appearto be homologouswith the antennal
spineof carideansandastacideans,for instance,whichliesontheanteriorcarapacemargin
distal from the outer orbital spine (termedsuborbital in Carideaand Astacidea).The
anterolateralmargin of the carapaceis typically armedwith a spine or tooth, except in
somespeciesof Munidopsis, in which theanterolateralangleof thecarapacecanbeblunt
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or rounded.The dorsalsurfaceof the carapaceis variously setoseand spiny, and may
be transverselygroovedor ridged,e.g.,Galatheidae,Munididae,someMunidopsidae;or
tuberculate,smooth,or scabrous,Munidopsidae.Most galatheoidsbearoneor morepairs
of epigastric spines. The lateralmargins of the carapaceareusuallyde�ned by a series
of tuberclesor spines,mostprominentandnumerousin the anteriorhalf. The posterior
margin of thecarapaceis de�ned by a low ridge,whichmaybearsmallspines.As in other
Anomura,the linea anomurica demarcatesa well-calci�ed branchiostegite. The lateral
surfaceof thebranchiostegiteis usuallylongitudinallycarinateor grooved,andtheanterior
margin usuallybearsa spine;a shallow V-shapednotch betweenthe anteriormargin of
thebranchiostegite andanterolateralcornerpartially accommodatesthe lateralmargin of
theantennalpeduncle.

The structure of the carapacein Porcellanidaeis in many respectsvery similar to
that of other galatheoids,especiallyGalatheidae,but the carapaceis more distinctly
ßattened, andgenerallybroadly ovate (�gs. 70.3F, 70.19A)(thoughit maybeelongate
as in Pseudoporcellanellaor Euceramus). The regionsarevery weakly de�ned, usually
with only the position of the cervical groove indicatedon the central portion of the
carapace.The rostrum rangesfrom absent(Pachycheles) to prominentandmultilobate
(Lissoporcellana), but is typically broadlytriangular. As in galatheids,theoutermargin of
theorbit is usuallyindicatedby a small toothor projection.Thecarapacesurfaceusually
bearsweak,arcuatestriae andthe lateralmargins may or may not bearsmall spinesand
tubercles.Thebranchiostegite rangesfrom asinglewell-calci�ed unit tobeingsubdivided
into multiple calci�ed elements.There is usually a deepV-shapednotch betweenthe
anteriormargin of thebranchiostegiteandanterolateralcorner, throughwhichtheantennal
peduncleprotrudes.

Gills of GalatheoideaandChirostyloideaarephyllobranchiatein thefollowing combi-
nation:podobranchsabsent,fourpleurobranchs(oneeachon the�rst to �fth thoracom-
ere),10 arthr obranchs(two eachon the third maxilliped to the fourthpereiopod).Gills
in Porcellanidaearesimilar in structureandnumberto thoseof othergalatheoidsbut differ
in thearthrobranchcombination(oneeachon thesecondandthird maxillipeds,two each
on the�rst fourpereiopods).

As in Galatheoidea,thecarapacein Chirostyloideais well calci�ed, typically elongate,
and�attened to subcylindrical; it is variouslyornamented(or not) with setae,transverse
grooves,tubercles,scalesor spines(�gs. 70.3C,70.18A,B).

In ChirostylidaeandEumunididae,thecervicalandpostcervicalgroovesmeetmedially
and are evident to varying degreesin most genera,thoughthey may be nearobsolete
in the chirostylids,UroptychusandUroptychodes. The cardiacregion may be evident in
GastroptychusandChirostylus, but is not visible in othergenera.Othercarapaceregions
are not indicated.The rostrum is well developed(except in Chirostylus) and ranges
from spiniform, e.g.,Eumunididae,Gastroptychus (Chirostylidae)and somespeciesof
Uroptychus(Chirostylidae),to broadlytriangular, e.g.,many speciesof Uroptychus(�gs.
70.7A-C, 70.18A, B). Additionally, in Eumunididae,supraocular spines are present
(two pairs in Eumunidaand onepair in Pseudomunida). The orbits in chirostylidsand
eumunididsareshallow andpoorly developed(suchthat the eyesareunableto retract)
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or absentas in Chirostylusand Hapaloptyx(�g. 70.7C).The outer limits of the orbits,
when present,are usually de�ned by a small spine.The anterolateralangle is usually
also armed.The dorsalsurfaceof the carapaceis variously setoseand spiny, and may
be transversely striated, tuberculate,smooth,or scabrous.The dorsumis transversely
striatedin Eumunida, andin Chirostylidaespinous,e.g.,GastroptychusandChirostylus, or
smoothto spinous,e.g.,UroptychusandUroptychodes. In mostgeneraof Chirostylidae,
oneof morepairsof epigastricspinesor tuberclesmay be presenton the carapace.The
lateralmarginsof thecarapaceoftenarede�ned by spinesor tubercles,andtheposterior
margin is usuallydistinctly concave andtypically without a low ridge.Theposterolateral
margin in mostchirostylidsis roundedto obtuselyangular. In ChirostylusandHapaloptyx,
however, the posterolateralcarapacemargin is deeplyexcavated.The linea anomurica
demarcatesa well-calci�ed branchiostegite. The lateral surfaceof the branchiostegite
is usuallysmoothandthe anteriormargin usuallybearsa spine.Unlike the chirostylids
and eumunidids,the carapaceof kiwaids is longitudinally cordate,well calci�ed, and
�attened (�gs. 70.3D, 70.20A). The dorsalsurface is smoothand sparselysetose.The
cervicalandpostcervicalgroovesareshallow but distinct,anddo not meetmediallyasin
ChirostylidaeandEumunididae.Thecardiacregion is smallandtriangular, demarcatedby
shallow grooves.Thebranchialregionsmeetmediallybut areseparatedby a longitudinal
groove. The intestinalregion is short,wide, triangular, andseparatedfrom the branchial
regions by shallow grooves.The rostrumis well developedas a broad,triangular plate
�ankedby asmall supraocularspine.Theorbitsareabsent,consistentwith thedegenerate
eyes.Thelateralmarginsof thecarapacearecristateandunarmed.Thelinea anomurica
demarcatesa well-calci�ed branchiostegitethat is sparselygranularon its anteriorhalf,
andlongitudinallycarinateposteriorly;theanteriormargin is rounded.

AEGLOIDEA

Thecarapaceshapeis a uniquefeatureof theaeglids but considerablevariationexists
betweenthemany species(Martin & Abele,1988;Bond-Buckup& Buckup,1994).The
carapace, which maybesmooth,�nely granulate,or coveredwith setalpunctuations,is
dorso-ventrallydepressedanddorsallydividedby adistinctcervical groove into anarrow
anteriorregionandawiderposteriorregion (�gs. 70.3A,70.21A).Theanteriorregionhas
a large,triangular, pointedrostrum, which canbecarinateor not. Lateralto therostrum,
oneachside,is ananteriorlydirectedorbital spine andthena largeranterolateral spine,
de�ning the orbital andextraorbitalsinus, respectively. The lateraledgesof the anterior
carapaceregion have threehepaticlobes,eachde�ned by a short, corneousspine.The
ventralpartof theanteriorcarapaceregion is divided into ananteriorsubrostralareaand
a more posteriorsubhepaticregion, and eachportion is further subdivided by sutures
(lineae). The posteriorcarapaceregion is dorsallyseparatedinto seven distinct regions
by sutures.Laterallytherearetheinterior, anterior, andposteriorbranchialareas,while in
thecenteris a roughly rectangularcardiacregion with a raised,usuallypunctate,areola.
Thereis a prominentspine,the epibranchialtooth,presentat the anteriorlateraledgeof
theposteriorcarapaceregion. Theventralportionof theposteriorcarapaceregion is also
similarly subdividedinto aseriesof platesby complex sutures.
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The ocular pedunclesaregenerallyshortandbroad,with in�ated, highly pigmented
corneas(�g. 70.21A).Oneexceptionto this is thetr oglobitic species, Aegla cavernicola
Türkay, 1972,wherethecorneais reducedandtheocularpeduncletapersdistally. Aeglids
have 13 pairsof large foliaceousgills, which appearto be a hybrid conditionbetween
phyllobranch proximallyandtrichobranch distally.

LOMISOIDEA

The carapace is basically triangular in shapewith the apex being more rounded
nearthe eyes(�gs. 70.3B,70.22A,B). The entirecarapaceis coveredwith densesetal
punctuations, obscuringmost underlyingdetail. Sometimesthe cardiacand branchial
suturescan be distinguished.Thereare no obvious lateral spinesand the rostrum and
orbital spines are blunt. The �rst two pleonites are visible dorsally and the second
is expandedlaterally to be wider than the carapace.The ocular pedunclesare broad,
setose,dorsoventrally�attened,andextendedinto bluntanteriorprojectionsforwardof the
reducedlateralcorneas. Ocularaciclesareabsent.Lomishas14pairsof trichobranchiate
gills.

HIPPOIDEA

In Blepharipodidaeand Albuneidae,the carapace is generallysubrectangular, the
dorsalfaceof it is moderatelyconvex, andtheregionsareonly weaklyde�ned(�g. 70.9A).
The setal Þeld, a broadmat of very short, dense,simplesetae,is presenton the anterior
portionof thecarapace(Boyko, 2002).Thecarapacealsopossessesnumeroustransverse,
setosegrooves(carapacegroovesor CG), which canbe identi�ed as,at least,11 major
grooves(CG1-CG11). Themedianelementof CG1formstheposteriormargin of thesetal
�eld. The metagastric region containsthe short, anteriorCG2 and the longer, posterior
CG3.CG4 spansthe width of the carapaceandmarksthe borderof the metagastricand
mesogastricregions.CG5 is a fairly short groove thatoccursmedially in themesogastric
region.CG6correspondsto thecervicalgroove in otherAnomura.CG7is usuallydivided
into two well-separatedlateral fragments,but in some genera,CG7 merges medially
with CG6. CG8 to CG11 are relatively short medial grooves arrangedanteriorly to
posteriorly in the cardiac region (Boyko, 2002). The rostrum is reducedor absent.
The lateralprojections,or post-antennalspines,vary from absentto stronglydeveloped.
Somedegree of decalci�cation is observed in the posteriorand/or ventral portions of
the branchiostegitesin Albunea, Lophomastix, and Blepharipoda(cf. McLaughlin &
Lemaitre,1997).

In Hippidae, the carapaceis ovate, subcylindrical, and more or less expanded
(�g. 70.9F-H).The dorsalsurfaceof the carapaceis often coveredby very weak,wavy

Fig. 70.9. Carapaceand pleon of Hippoidea. A, Carapace,Albunea microps Miers, 1878;
B, ocular peduncles,Blepharipoda liberata Shen, 1949; C, same,Albunea microps; D, � rst-
sixth pleomeres,Lophomastix japonica; E, telson, Lophomastix japonica; F, G, carapace,
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Hippa paci�ca; H, Hippa adactylaFabricius,1787with pleonfully extended;I, posteriorportion
of cephalothoraxand anterior portion of pleon, male, Hippa truncatifrons; J, same, female,
Hippa truncatifrons. A-F, H, dorsal; G, left lateral; I, J, ventral. Abbreviations: A: os, ocular
sinus; r, rostrum; sf, setal �eld; 1 to 11, carapacegrooves 1 to 11. B, C: cor, cornea;d-psg,
distal pseudosegment; m-pedsg,medial peduncularsegment; oplt, ocular plate; p-psg,proximal
pseudosegment.D, H, I, J: 1 to 6, (positionof) �rst to sixth pleomere;fe-go, femalegonopore;al,
antennule;c, carapace;pl-1 to pl-3, �rst to third pleopod;pleu,pleura;pns,penis;pr-1 to pr-5, �rst
to �fth pereiopod;tel, telson;urop,uropod.[A-E, afterBoyko, 2002;F, G, afterBoyko & Harvey,

1999;H, afterMiyake,1982;I, J,afterKato& Suzuki,1992.]
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transversegrooves and its lateral margins sometimesbeara submarginal row of small,
setosepits.Therostrumis reducedor absent.Ocularpedunclesareshort andslender.

Accordingto onede�nition of gills (McLaughlin& SaintLaurent,1998),the gills of
Albuneidaearephyllobranch,andthoseof Blepharipodidaearetruly trichobranch(Boyko,
2002).

Pleon

Thepleon consistsof six somitesplusa telson. In mostliteratureon anomurans,this
structureis often referredto asthe “abdomen”.However, Schram& Koenemann(2004)
recentlymoreclearly de�ned thesetermsin crustaceans.The “pleon” is consideredthe
region posteriorto the thorax,whendifferentiatedby a structurallydistinct setof limbs,
andis typically posteriorto thegonoporesandthepostulatedanterior-mostexpressionof
Abdominal-Bgene(seeSchram& Koenemann,2004,for the de�nition). The “pleon” is
theregion posteriorto a trunk that lackslimbs,which is posteriorto theexpressionof the
Abd-Bgeneandexhibits no expressionof any Hox genes.So, the posteriorregion in all
decapods,includinganomurans,is moreproperlytermedthepleon.

The telsonis generallymoreor lessreducedin anomurans.However, in galatheoids,
thetelsonmostoften,togetherwith uropods,formsthetail fan.

PAGUROIDEA

In thesymmetricalhermitcrabs,Pylochelidae,thepleon is straight andall thetergal
andsternal platesarewell calci�ed andclearlydistinguishable(Forest,1987)(�gs. 70.1A,
B, 70.10A).However, in mostspeciesof the familiesPaguridae,Diogenidae,Coenobiti-
dae,Parapaguridae,andPylojacquesidae,thepleonis primarily softandmembranous(�gs.
70.1C,E, F, 70.10B-D).It is dextrally twisted, but exceptionsareknown, suchasin Dis-
corsopagurus, Orthopagurus, Enneophyllus, Pylopagurus, andXylopagurusin Paguridae
(�g. 70.1D),andTsunogaipagurusin Parapaguridae,whichhave astraightpleon.

The � rst pleomere is small and its narrow sternite may be partially fused with
the last thoracomere. In the secondto �fth pleomeres,rudimentsof the platesappear
only asfaint cuticularthickeningsor transverse�brils of connective tissue(Sandberg &
McLaughlin, 1998; Forestet al., 2000). Exceptionsinclude Birgus (Coenobitidae)and
Probeebei(Parapaguridae),bothof whichhavestronglycalci�ed tergal andsternalplates.
Thetergite of thesixth pleomereis oftenwell calci�ed andinterestingexamplesareseen
in the operculatesixth tergite of Xylopagurus, Discorsopagurus, andOrthopagurus(cf.
Lemaitre,1995).

L ITHODOIDEA

Thepleon is short,broad,moreor lesscalci�ed, andfolded underneath thecephalo-
thorax(Sandberg & McLaughlin,1998)(�g. 70.2A-C).The�rst pleomereis reducedasin
otherhermitcrabfamilies.Theventralsurfacesof thesecondto �fth pleomeresarealsoun-
calci�ed. Tergal developmentin thesesomitesdiffersappreciably, andcanberepresented
by calci�ed or membranousplates,referredto asmedian, lateral, andmarginal plates.
Supplementalplates(medianaccessoryplates) aresometimesdevelopedadjacentto the
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Fig. 70.10.Pleonof PaguroideaandLithodoidea.A, Cancellochelessculptipes(Miyake,1978)(Py-
lochelidae);B, Calcinuslaevimanus(Randall,1840)(Diogenidae);C, DardanusumbellaAsakura,
2006(Diogenidae);D, Birguslatro (Coenobitidae);E, maleof diagrammaticlithodid; F, femaleof
diagrammaticlithodid.A, B, D, dorsal;C,dorsolateral,left; E,F, ventral.Abbreviations:1 through6,
(positionof) �rst throughsixthpleomere;cn,centralnodule;fmt, �eshy membraneousprotuberance;
l-plt, lateralplate;m-plt, marginal plate;T, telson;U, uropod.[A, afterMiyake, 1978;B, afterAl-
cock,1905;C, afterAsakura,2006a;D, afterBorradaile,1916;E, F, afterSandberg & McLaughlin,

1998.]

medianplate.In Hapalogastridae,thetergitesof thethird to �fth somitesareentirelyuncal-
ci�ed. In somegeneraof Lithodidae,themedianplatesof thetergitesof thethird to �fth
somitesaresimilarly uncalci�ed.Themarginalplatesmaybesubdivided into two or more
small plates. Membranousareasand/orplatesmaybe coveredwith calcareousnodules
(Sandberg & McLaughlin,1998).

In females,the plateson the right side are frequentlymorestronglydevelopedthan
thoseon left, resultingin anasymmetricalpleon(�g. 70.10F),althoughthis is notalways
obviousin somegenera.In males,theseplatesaresymmetrical(�g. 70.10E).

GALATHEOIDEA AND CHIROSTYLOIDEA

The pleon of galatheoidsandchirostyloidsis symmetrical,andconsistsof six freely
articulatingsomitesand the telson.The uropodsarewell developed,forming, with the
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telson,a tail fan. The pleon in galatheoidsandchirostyloidsis typically carriedtucked
beneaththecephalothorax(�gs. 70.3C-F, 70.17A, 70.18A, 70.19A,70.20A).

Among the galatheoids,membersof the Galatheidae,Munididae,andMunidopsidae
have a well-developed pleon, generally uniform acrossthe group. The tergites are
typically stronglyconvex, beingsubcylindrical in cross-sectionfor the anteriorsomites,
andbecoming�attened for the posteriorsomites.The �rst somite is narr ower thanthe
posteriorwidth of thecarapaceandmarkedly shorterthanthesecondsomite.Thepleura
arepresentasanoblique ßangeon eachlateralmargin of the �rst somite.These�anges
articulateanteriorlywith the posterolateralmargin of the carapace,andposteriorlywith
thepleuron of thesecondsomite.Thesecondthrough�fth somiteshave distinctpleura,
of which thesecondis largest(�g. 70.17A,B). Thesixth somitebearsa pair of biramous
uropods.The telson is broad and lamellar, consistingof multiple calciÞed elements
separatedby transverse and diagonal decalciÞedlines. The telson is thus ßexible in
multiple planes.The telson surface is sparselysetose,and the margins are lined with
plumosesetaeandsometimes,small denticles.The dorsalsurfaceof the secondthrough
�fth pleomeresis typically transverselystriated,ridged,andsparselysetose.The ridges
of somepleomeres,particularlyof thesecondandthird, usuallyhave spines,thenumber
andarrangementof whicharetaxonomically diagnostic. Thepleonalsurfacein Shinkaia
(Munidopsidae)is smoothandsparselysetose.

Thepleon in Porcellanidaeis structurallysimilar to thatof othergalatheoids,but with
somitesmuchshorterand�atter, enablingthe pleonto be tuckedmorefully beneaththe
cephalothorax(�gs. 70.3F, 70.19A,E). Similarly, the pleuraof porcellanidsare further
reducedin comparisonto thatof othergalatheoids.Thetelsonanduropodsof porcellanids,
likethoseof othergalatheoids,isbroadandlamellar, thetelsonconsistingof 5 to7calci�ed
elementsseparatedby transverseanddiagonaldecalci�edlines.

As in Galatheoidea,the pleon in Chirostyloideais held partially tucked under the
cephalothorax(�g. 70.18A).

In Chirostylidae,the �rst pleomereis shorter thanthe second,andnarrower thanthe
posteriorwidth of the carapace.The secondthrough�fth somiteshave short but distinct
pleura,of which the secondis largest(�g. 70.18A,F). The pleuraare usually rounded
to truncate,but may be acutelytriangular in Gastroptychus and Chirostylus. The sixth
somitebearsa pair of biramousuropods.The dorsalsurfaceof the pleon is smoothin
most Chirostylidae,but is often spinousor tuberculatein Gastroptychus. The telsonis
usuallybroaderthanlong (occasionallyaswide aslong), membranous,anddivided into
an anteriorandposteriorportion by a transversesuture.The posteriorportion is usually
mediallyemarginate.

Thepleonof Eumunididaeis similarto thatof Chirostylidae,althoughthe dorsalsurface
is marked by transverse striae, and the secondpleonitebearsa strong,anterolaterally
directedspineoneachside(thisspineis alsopresentin Aeglidae,althoughproportionally
smaller).

In Kiwaidae,thepleonis smooth,spineless,andsparselysetose(�gs. 70.3D,70.20A).
Thesecondthroughsixthsomiteshavedistinctpleura,eachwith two longitudinal carinae
neartheposteriormargins.Thesixth somitebearswell-developedbiramousuropods.The

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 241

telsonisaslongaswide,membranous,anddividedintoananteriorandposteriorportionby
a transversesuture(�g. 70.20D).Theanteriorportionis transverselyovate.Theposterior
portionis narrowerthantheanteriorportion,anddividedby ashallow longitudinalmedian
suture.Theposteriormargin is distinctlyemarginate.

AEGLOIDEA

Thepleonis well developedwith six pleonitesandatelson.The�fth andsixthpleonites
and the telson and uropodsare usually held under the pleon, with only the �rst four
pleonitesbeing visible dorsally (�g. 70.3A). The �rst pleonite is reducedand largely
coveredby the posterioredgeof the carapace.As in Eumunididae(Chirostyloidea),the
secondpleonitehasa stout, anterolaterallydirectedspineon eachpleuron.Dorsally, the
pleonitesareheavily calci�ed andhave large,ventrallydirectedlateralpleura.Theventral
surfaceof eachpleonitethough,is reducedto a membraneouscovering(exceptfor a thin
calci�ed baron the�rst pleonite).Thetelsonis asimple,broadplate,usuallydividedby a
centralsuture(�g. 70.21G).

LOMISOIDEA

Thepleon in Lomisis symmetrical,well developed,andhassix pleonitesanda telson.
Thedorsalsurfaceis well calci�ed in bothsexes,but theventralsurfaceis predominantly
membraneous.The �rst pleoniteis reducedto a small, triangularsomiteaboutone-third
the width of the secondpleonite(�g. 70.22A).The secondpleoniteis the largest(being
slightly wider thanthe posteriorcarapace)andthe third throughsixth pleonitesareeach
progressively smaller. This givesthe entirepleona triangularappearance(slightly more
roundedin thefemale)whenextended.Pleonitestwo andsix arethe longestsomitesand
threethroughfour areapproximatelyequalin length.The telsonis a small,semicircular
structureandis undivided(�g. 70.22E).

HIPPOIDEA

In BlepharipodidaeandAlbuneidae,the pleon is weakly foldedunderneath.The �rst
pleomereis trapezoidalor subrectangular. In Blepharipodidae,thesecondto �fth and,in
Albuneidae,the secondto �fth or the secondto fourth, pleomereshave pleurathat are
expandedanddirectedlaterally, anterolaterally, or posterolaterally. Thesixth pleomereis
smallandsubrectangular. Thetelsonis ovateandits terminalmargin is entire(�gs. 70.4A,
B, 70.9D,E).

In Hippidae,thepleonis foldedunderneath.Thetelsonis elongate,lanceolate,apically
acute,and�rmly pressedagainstthethorax(�gs. 70.4C,D, 70.9H-J).

Appendages

CEPHALON

Antennule. – This comprisesthe �rst cephalicappendage,when the pre-segmental
region,acron, is not counted.All crustaceanappendagesareregardedasbiramous, each
consistingof a basalprotopod andtwo terminalrami , i.e., anendopodandanexopod.
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In theantennulaeof hermit crab species,two ßagellacommonlyarisefrom apeduncle,
showing thebiramouscondition.However, ashasbeenpointedoutby McLaughlin(1982),
thereis considerabledoubtasto whetherthesebiramous�agella arehomologouswith the
endopodandexopodof typical biramousappendages(Calman,1909).In particular, this
doubtarisesfrom studieson larval developmentof primitive decapodsandeuphausiids
(Dobkin,1961;Lomakina,1978).Therefore,in mosttaxonomicstudies,these�agella are
simply describedas“upper �agellum”, “upper rami of �agella”, or “dorsal �agellum”,
and“ lower �agellum”, “lower rami of �agella” or “ventral �agellum”. However, Ingle
(1993) describedthesestructuresas “exopod” and “endopod” in his large monograph
of North Atlantic andMediterraneanSeahermit crabs.But, to date,thereis no study to
answersatisfactorily thequestionof homology.

In Paguroidea, the peduncleof theantennulais three-segmented,referredto as(from
proximal to distal) the basal,penultimate,and ultimate segments,or the �rst to third
peduncularsegments(�g. 70.11A).The basalsegmentis generallyshort,but noticeably
broadin somespeciesof Dardanus, andhasa prominentstatocyst, a diminutive organ
providing a senseof balance.The ultimateandpenultimatesegmentsaregenerallylong
and sparselysetose,except in somespeciesof Pagurixus, e.g., Pagurixus boninensis
(Melin, 1939),which bearstwo rows of tufts of short setaeon the ventral faceof the
ultimate segment (McLaughlin & Haig, 1984), and in Anapagurus hyndmanni(Bell,
1845),in which dense,long setaearepresenton theventralfaceof boththeultimateand
penultimatesegments(Ingle, 1993).In many species,a few to severalexceptionallylong
setaearepresentat thedorso-distalangleof theultimatesegment.Two multi-segmented
�agella ariseapically from theultimatesegment.Theupper ßagellum is generallylong
and its ventralmargin bearsnumerouslong aesthetascs. In marinespecies,the �agella
terminatein a tapered�lament, but in land hermit crabsof the family Coenobitidae,the
�agella terminatebluntly, somewhat “stick-like”, anddistally a few to several segments
are fused(�g. 70.11G).The lower ßagellum is short and small in both marine and
terrestrialspecies.The antennulaearemostcommonlymuchshorterthan the antennae,
but in coenobitidsthey aremuchlongerthantheantennae(�g. 70.11G).

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguroidea.
In GalatheoideaandChir ostyloidea, theantennuleconsistsof a 3-segmentedpedun-

cleandapairof �agella. Thebasalsegmentis generallyshortandstout,andusuallybears
distal and lateral spines.The secondand third peduncularsegmentsaregenerallyslen-
der, subcylindrical, or subconicalin ChirostyloideaandmostGalatheoidea(�gs. 70.17A,
B, 70.18A), and short and shout in Porcellanidae(�g. 70.19A). The basalantennular
segmentholdsnumerousimportanttaxonomic characters, mostnotablythe distolateral
anddistomesialspines,andthelateralspines.In Kiwaidae(Chirostyloidea),all segments
areunarmedandglabrousapartfrom someshort distolateralsetaeon the basalsegment
(�g. 70.20C).Two multi-segmented�agella arisefrom the apex of the third segment.In
GalatheoideaandmostChirostyloidea,theupper ßagellumis longerandthicker thanthe
lower �agellum, andits ventralmargin bearsnumerouslongaesthetascs,andterminatesin
a tapered�lament; thelower ßagellumis slenderandevenly tapered.In Kiwaidae,unlike
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Fig. 70.11.Antennulaeand antennaeof Paguroidea.A, left antennule,lateral,Pseudopaguristes
bollandi; B, right antenna,mesial,Boninpagurus acanthochelesAsakura& Tachikawa, 2004; C,
same,lateral;D, same,dorsal;E, right antenna,dorsal,Pseudopaguristesshidarai Asakura,2004;F,
left antenna,lateral,same;G, left lateralview of anterior halfof cephalothorax,Coenobitaspinosus
H. Milne Edwards,1937.Abbreviations:al, antennule;an,antenna;an-ac,antennalacicle;ba-seg,
basalsegment;brst,branchiostegite; f, �agellum; lf, lower �agellum; pen-seg, penultimatesegment;
s, shield;seg-1 to seg-5, segments1 to 5; sp-seg, supernumerarysegment;uf, upper�agellum; ul-
seg, ultimatesegment.[A, after Asakura& McLaughlin, 2003;B-D, after Asakura& Tachikawa,

2004;E, F, afterAsakura,2004a;G, afterAsakura,2004b.]
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otherchirostyloids,the dorsalandventral�agella areshortandsubequalin lengthandthe
ventral�agellum hastwo swollenbasalsegmentsfollowedby aslenderterminalportion.

In Aegloidea, theantennuleis characterizedby aglobosebasalsegmentfollowed by a
two-segmentedstalk. Thedistalsegmenthastwo shortßagella, the dorsalonewith 10-13
segmentsandtheventralonewith about10 segments.Thebasalsegmenthasbothsimple
and plumosesetae,while just long simple setaeare presentproximally on the second
peduncularsegment.

In Lomisoidea, theantennularpeduncleis three-segmentedwith thesecondandthird
segmentsbeingthelongestandequalin length.Thedistalsegmenthastwo short ßagella,
the dorsalonelargerthantheventral.

Among Hippoidea, the antennulaeare generallymuch longer and stouterthan the
antennaein Blepharipodidaeand Albuneidae,but in Hippidae, they are much shorter
thanthe antennae(�gs. 70.4A-D, 70.9F).The peduncleis three-segmented.The dorsal
ßagellumconsistsof 18-85articlesin Blepharipodidaeand17-250in Albuneidae,andthe
ventral ßagellumconsistsof 6-12articlesin Blepharipodidaeand0-7 in Albuneidae.In
Hippidae,Emeritaspecieshave theantennulaeaboutthreetimesthe lengthof theocular
peduncles.

Antenna.– In Paguroidea,theantenna is composedof a long, uniramousßagellum,
an exopod referredto as the “antennalacicle” in the six hermit crab families, or as
the “scaphocerite”in lithodoids,a peduncle consistingof � ve segmentsreferredto as
(proximalto distal)the�rst to �fth segments,andalsoveryoften,asmall segmentreferred
to asthe “supernumerarysegment”betweenthe third andfourth segmentsdorsolaterally
(�gs. 70.5A-C, 70.6A, B, 70.11B-F).In marinespecies,the �agella are generallylong
andterminatein a tapered�lament. Setationof the �agella variesfrom sparseandshort,
to moderatelylong and with numeroussetae.Many speciesof Diogenesand several
speciesof Paguristeshave a double row of very long plumosesetae,forming a setal
net on each�agellum. By rotating these�agella, they �lter out organic particlesfrom
suspensionin the seawater. The antennalaciclesaremostoften armedwith shortspines
in speciesof DiogenidaeandParapaguridae(�g. 70.5A-C,E). In contrast,the antennal
aciclesof speciesin Paguridaeareoften poorly armedandsometimeslong andcurved
laterally (�g. 70.11B-D).The�rst segmentof thepeduncleis sometimesarmedwith one
to a few spineson theventrodistalmargin. In thesecondsegment,thedorsolateraldistal
angleis oftenproducedanteriorlyandterminatedacutely, and,similarly, thedorsomesial
distalangleis oftenprovidedwith aspine.Theventrodistalmargin of thethird segmentis
generallyproduced,andsometimesarmedwith a spine.The fourthsegmentis shortand
the�fth is longandslenderin mostspecies.

In Lithodoidea, this appendageis morphologicallyquitesimilar to thatof Paguridae,
exceptfor theaciclethatis sometimesreducedto a small scleriteonly.

Whereastheplesiomorphicconditionin Anomurais � ve freesegments,in Galatheoi-
dea thesecondandthird segmentsarefused,resultingin a 4-segmentedpeduncleanda
long, uniramousßagellum (�gs. 70.17A,70.19A).No acicleis present.The immovable
basalsegment is broad and stout, usually with a distomesialspine or projection,and
includesthe antennal gland aperture (�g. 70.17E).The secondsegmentusuallybears
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a distomesialand distolateralspineor projection in most galatheoids,but is variously
ornamentedin Porcellanidae(�g. 70.19C). The third and fourth segmentsare much
smaller than the preceding,and are usually unarmed.The �agellum terminatesin a
tapered�lament. In mostGalatheoidea,theantennais directedanteriorlyor anterolaterally,
whereasin Porcellanidae,theantennais directedlaterallyor posterolaterally(�g. 70.19A,
C).

In Chir ostyloidea, the antennais composedof a � ve-segmentedpeduncle, a super-
numerarysegmentasin paguroids,anaciclearticulatingwith thesecondsegment,anda
long, uniramousßagellum (�gs. 70.18C,70.20C).The basalsegmentis shortandstout,
andincludestheantennal gland aperture. Thesecondsegmentusuallybearsa distolat-
eralspineor projectionandarticulateswith theacicle(whenpresent).Thethird segmentis
similar in size to thesecondsegment,andthefourthand�fth segmentsareprogressively
longer, exceptin Kiwaidae,in which the third through�fth segmentsareof similar size.
Eachof the peduncularsegmentsmay bearspinesor granules.The �agellum terminates
in a tapered�lament. The acicleis presentin Chirostylidae(exceptChirostylusandHa-
paloptyx), presentin Eumunididae,andabsentin Kiwaidae;it is typically lanceolate,but
maybearshortspines.

In Aegloidea, the antennais longer than the antennuleand may be up to twice the
lengthof thebody. Thepeduncleis � ve-segmentedbut thesecondandthird segmentsare
fused,makingit appearsuper�cially four-segmented(�g. 70.21C).Thebasalsegmentis
globose,the next threesegmentsarebasicallytriangularandinterlocking,while the last
(�fth) segmentis subcylindrical andthe longestof all. The ßagellum is long andmulti-
articulate.

In Lomisoidea, theantennalpedunclehassix segmentsanda multi-articulateßagel-
lum, thatcurvestowardsthemouthparts.Thescaphoceriteis absent(�g. 70.22B).

In Hippoidea, theantennais composedof a uniramousßagellum, anexopodreferred
to as the ÒantennalacicleÓ, and a peduncle consistingof � ve segments(�g. 70.23B).
The ßagellum is generallyshortandcomposedof 8-44 articlesin Blepharipodidaeand
1-9 articlesin Albuneidae.In Hippidae,the antennaeof the speciesof Emeritahave the
long �agella denselybesetlaterally with several rows of fringed setae.The antennaeof
the speciesof Hippa have short�agella composedof oneto several articles(�gs. 70.9F,
70.23M).

Mandible. – The mandiblesare the innermostappendagepair of the mouthparts.In
Paguroidea, the mandibleis well developed.The associatedpalp is three-segmentedin
themajorityof species(�g. 70.12A),but exceptionsareAnapagurusbicorniger A. Milne-
Edwards& Bouvier, 1892andCatapaguroidesmegalopsA. Milne-Edwards& Bouvier,
1892(bothPaguridae),in which only two segmentscanberecognized(Ingle,1993).The
ultimatesegmentof thepalpis ovateandits margin is investedwith numerousstiff setae.
The incisor andmolar processesarecalcareousandmostoften unarmed,but 3-5 blunt
teetharesometimesrecognizedin the incisorprocessesof speciesof Pylopaguropsis(cf.
Asakura,2000).A notableexceptionis presentedby the speciesbelongingto a recently
establishedfamily, Pylojacquesidae,whoseincisorprocessis mostlycorneousandarmed
with prominent,acuteteeth.

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
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Fig. 70.12. Mouthpartsof Paguroidea.A-E, I, Pseudopaguristes bollandi; F-H, Boninpagurus
acanthocheles; J, Pomatochelesjeffreysii. A, mandible,left, internal;B, maxillule, left, external;
C, maxilla, left, internal; D, �rst maxilliped, left, internal; E, secondmaxilliped, left, external;
F, third maxilliped, left external; G, same,ischiumand basis,internal;H, basalportion of third
maxillipedsand its sternite,ventral,setaeomitted; I, third maxillipedsand their sternite,ventral;
J, third maxilliped, right, mesial.Abbreviations:acc-t,accessorytooth;bas,basis;carp,carpus;cr-
dent,cristadentata;dact,dactylus;d-end,distal endite;end,endite;endop,endopod;epi, epipod;
exop, exopod; ext-l, external lobe; f, �agellum; inc-pr, incisor process;int-l, internal lobe; isch,
ischium;mer, merus;mor-pr, moralprocess;p-end,proximalendite;plp,palp;prop,propodus;scph,
scaphocerite;st-mxpd3,sterniteof third maxillipeds.[A-E, I, after Asakura& McLaughlin,2003;

F-H, afterAsakura& Tachikawa,2004;J,photoby Akira Asakura.]
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In Galatheoidea, themandibleis well developed,thoughthemolar processis reduced
to abluntridgealongtheposteriormargin of thecorpus.Theocclusalmargin of theincisor
processis calcareousandfeeblytoothed.Thepalp is three-segmented,of which thethird
segmentis ovatewith severalsimple distal setae.The �rst andsecondpalpsegmentsare
simple,with thesecondbeinglonger.

As in Galatheoidea,the mandiblein Chir ostyloidea has a reducedmolar process
and a well developedpalp, being two-segmentedin Kiwaidae,and three-segmentedin
Chirostylidaeand Eumunididae.The cutting edgeof the incisor process, however, is
stronglytoothedin ChirostylidaeandKiwaidae,beingcalcareousin theformer, chitinous
in thelatter. In Eumunididae,thecuttingedgeis tridentate.

In Aegloidea,the mandiblehasa well developed,stronglysclerotized,andasymmet-
rical incisor process, but a virtually absentmolar process. Themandibular palp is two-
segmented(both segmentsaboutequal)with the proximal segmentbearingsimple and
plumosesetaeand the distal segmentbeing �attened, ovate,and borderedwith simple,
papposeandplumosesetae.

In Lomisoidea,themandibleis currentlyundescribedfor Lomishirta.
In Hippoidea,thegeneralmorphologyof themandiblein AlbuneidaeandBlepharipo-

didaeis quite similar to that of Paguroidea.The incisor processis calcareousandoften
providedwith a few blunt teeth,andthecuttingedgeis alsowith or without a tooth.The
palp is three-segmented(�g. 70.23C).

Maxillule. – The maxillule is the secondappendagepair of the mouthpartsand is
composedof an endopodandbilobed endites, calledthe distal andproximal endites,
reespectively. In Paguroidea, althoughMcLaughlin(1980,1982)interpretedthe“endite”
asthemesialprotrusionof themargin of theprotopod,Ingle (1993)referredthesebilobed
structuresto the basisand coxa of the protopod.Sincethe protopodis segmentedinto
a coxaanda basis,Ingle (1993) interpretedthat theselobedstructuresarethe protopod
itself. Theexopodis consideredabsentin speciesof Paguroidea(cf. Jackson,1913).The
endopodis provided,or not,with anexternal lobe, andif present,theshapeof theexternal
lobeusuallyhastaxonomicvalue (�g. 70.12B).

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In GalatheoideaandChir ostyloidea, the exopodis absent.The endopodis slender,

unsegmented,andsetose.Thedistal endite is spatulate,with its mesialmargin lined with
simple, corneoussetaeand plumosesetae.The proximal endite is much broaderand
lamellar, andthemarginsarefringedwith simpleandplumosesetae.

In Aegloidea, themaxillule is thin, membraneous,andhasanendopodandaproximal
anddistal endite. Theendopodhasafew simplesetae,while bothenditesareborderedby
many longandshort,simpleandpapposesetaeanda few spines.

In Lomisoidea, the maxillule in Lomis is membraneousand has a 2-3 segmented
endopod(with aprominentposteriorly dir ectedlobe) andaproximal anddistal endite.
Theendopodis bilobedandthetwo enditesareborderedby longsetae.

In Hippoidea, the exopod is absentin speciesof Albuneidaeand Blepharipodidae
(�g. 70.23D).
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Maxilla. – Themaxilla is thethird appendagepair of themouthpartsandcomposedof
anexopod, an endopod, andendites. In Paguroidea, theexopodis very well developed
into a large,lobulateÒscaphognathiteÓ(�g. 70.12C)andis closelyapposedto thelateral,
innersurfaceof thecephalothorax,whereit is usedto developarespiratory curr ent. The
setaeon its margin vary in numberandsize,andthe shapeof the posteriorlobe may be
sub-acute,truncate,or sub-oval (Ingle, 1993).Theendopodis broadenedproximally and
thin distally, andusually, four enditesarerecognizedon themesialmargin (McLaughlin,
1974).However, thesestructuresareagain interpretedasthebilobedbasisandcoxaof the
protopodby Ingle (1993).Thisdifferencein interpretationis still controversial.

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In GalatheoideaandChir ostyloidea, the scaphognathiteis large,broadlyreniform,

and�attened,with marginslined by simpleandplumosesetae.Themaxilla hasa slender,
setoseendopod. Two endites are typically recognized,eachof which, as a result of a
marginal incision dividing eachendite,is usuallybilobed.The margins of both endites
bearnumeroussimpleandplumosesetae.

In Aegloidea, the maxilla is a large, �attened appendageprimarily usedfor pumping
water over the anterior branchial surfaces.The endopod and the bilobed distal and
proximal enditesproject ventrally, while the large paddle-like scaphognathiteprojects
dorsally. Both enditesare borderedwith numeroussimple,papposeand plumosesetae
while thescaphognathiteis linedwith plumosesetaeonly.

In Lomisoidea, themaxilla is composedof a ventralbilobedendite anda paddle-like
endopod, while the dorsalexopodis verywell developedinto alarge,�at scaphognathite.
Themarginsof endopodsandexopodareall borderedwith longsetae.

In Hippoidea, thegeneralmorphologyof themaxilla in AlbuneidaeandBlepharipodi-
daeis similar to thatof Paguroidea(�g. 70.23E).

THORAX

First maxilliped. – Being the �rst thoracicappendage,the �rst maxilliped alsois the
fourth appendagepair of the mouthpartsand is composedof an exopod, an endopod,
and endites. In Paguroidea, the exopod is noticeablynarrow distally and broadened
proximally in the majority of species(�g. 70.12D).The exopodbearsa multiarticulate
�agellum, but the�agellum is lackingin speciesof Parapaguridae.Theepipod is dif�cult
to recognizein mostspeciesof Paguridae,but it is well developedin Pylochelidaeand
somegeneraof Diogenidae,includingDardanus, Paguristes, andPseudopaguristes. The
endopodis shortin mostspeciesanddoesnot reachto, or beyond,thedistalmargin of the
distalendite(“basis”by Ingle’s,1993,interpretation).

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In GalatheoideaandChir ostyloidea, the exopodis usuallytwo-segmentedandbears

a setosepseudo-ßagellum. The distal segmentis slender, andtogetherwith the pseudo-
�agellum, is termedthe ÔlashÕ. In Eumunididae,Kiwaidae,and most galatheoidsthe
�agellum is multiarticulate.Munidopsidae,Chirostylus, and Hapaloptyx, however, lack
thelash,andin otherchirostylids,thelashis smoothandundivided(Schnabel& Ahyong,
2010).Theendopodis digitiform to crescent-shaped,or spatulate(Kiwaidae).Thedistal
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and proximal enditesare well developed,bearingcoarseplumosesetae,and the distal
enditeis the larger. The epipod is absentin Chirostylidaeandpresentin Eumunididae,
Kiwaidae,andall Galatheoidea.

In Aegloidea, the �rst maxilliped is thin, foliose, and only slightly larger than the
maxilla. The exopod is 2-segmentedwith the proximal portion producedinto a large
lamellar lobe and the distal portion terminating in a multi-articulatedßagellum. The
endopodhasa reduced,palp-like terminal lobe andwell-developeddistal andproximal
endites.The proximal endite is small and ovoid, while the distal endite is larger and
subrectangular. All articlesof the�rst maxillipedarelinedwith adenseborderof avariable
mixtureof simple,pappose,plumose,anda few combsetae.

In Lomisoidea, theexopodbearsa �agellum in Lomis. An epipodis present.
In Hippoidea, the two-segmentedexopodof AlbuneidaeandBlepharipodidaelacksa

�agellum. Theepipodis present(�g. 70.23F).
Secondmaxilliped. – The secondmaxilliped constitutesthe �fth appendagepair of

the mouthparts,andthe secondthoracicappendage.In Paguroidea, the exopodbearsa
long, multiarticulateßagellum, and,in addition,at leasttwo segmentsarerecognizedin
its peduncular portion (�g. 70.12E).In theendopod, segmentationis well developedand
thedactylus,propodus,carpus,merus,andischiobasis,thelatterrarelyseparatedinto basis
andischium,canberecognized.In somespeciesof Pylochelidae,theepipodis present.

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In Galatheoideaand Chir ostyloidea, the exopod comprisestwo setosepeduncular

segmentsand a multiarticulate �agellum. The endopod is setoseand consistsof the
dactylus,propodus,carpus,merus,andischiobasis.Theepipodis absent.

In Aegloidea, the secondmaxilliped is morphologicallyvery similar to that recorded
for PaguroideaandGalatheoidea.The exopodcomprisestwo peduncularsegments(the
proximal onesetose)anda multiarticulate�agellum. The endopod is setose,pediform,
andconsistsof thedactylus,propodus,carpus,merus,andischiobasis.An epipodis absent.

In Lomisoidea, thesecondmaxillipedis morphologicallyvery similar to thatrecorded
for PaguroideaandGalatheoidea.

In Hippoidea, theexopodof AlbuneidaeandBlepharipodidaeis two-segmentedandthe
�agellum is composedof only oneelongatearticle (�g. 70.23G).Theendopodis similar
to thatof Paguroidea.

Third maxilliped.– Thethird maxillipedscomprisethesixthandoutermostappendage
pair of the mouthparts,and the third pair of appendagesof the thoracic region. In
Paguroidea, the exopodbearsa long ßagellum, and,in addition,at leasttwo segments
arerecognizedin its peduncular portion (�g. 70.12F).In theendopod, segmentationis
well developed,andthedactylus, propodus, carpus, merus, basis, andischium canall
be recognized,althoughthe ischiumis sometimesincompletelyseparatedfrom thebasis
throughan only partial suture.In Pylochelidae,the endopodis chelate in Pylochelesor
subchelatein Cheiroplatea. In all hermit crab families,most specieshave the ischium
bearinga dentateridge, the ÒcristadentataÓ, but alsooneor moreaccessoryteethmay
be presentin many speciesof Pylochelidaeand Paguridae(�g. 70.12G,H). The crista
dentatais reducedto 3 to 5 large,spine-like teethin Scopaeopagurusandsomespecies
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of Catapagurusin Paguridae,andis lacking in mostspeciesof Diogenesin Diogenidae.
The basal portion of the third maxillipedsis widely separated by the sternal plate in
Paguridae(�g. 70.12H)and Parapaguridae,approximate in Diogenidae,Coenobitidae,
andPylochelidae(�g. 70.12I,J), andof intermediate condition in Pylojacquesidae.In
somespeciesof thePylochelidae,theepipodis present.

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In GalatheoideaandChir ostyloidea, the exopodconsistsof a two-segmentedpedun-

cle, of which the �rst segmentis the largest,anda setosemultiarticulate�agellum. The
endopodis setoseandconsistsof thedactylus,propodus,carpus,merus,andischiobasis,
andeachsegmentis setose,particularlythedactylusandpropodus,whicharedenselycov-
eredwith plumosesetae(�gs. 70.17C,D, 70.18D).Thedemarcationbetweenischiumand
basisis evidentasa shallow groove. Thespination of the carpus and merus is consid-
eredparticularlyimportantin galatheoidtaxonomy. Themesialmargin of theischiumis
cristate,of which theproximalhalf is dentate(crista dentata) (�g. 70.17D).In Galathei-
dae,Munididae,Munidopsidae,andChirostyloidea,thethird maxillipedis pediform and
is essentiallyusedto hold food itemswhile feeding.In Porcellanidae,however, the third
maxillipedsareoperculiform throughmesialexpansionof thecarpus,merus,andischium
(�g. 70.19D).Moreover, porcellanidsusethethird maxillipedto strainfoodparticlesfrom
thewatercolumnin a mannersimilar to thatusedby cirripedes.Thus,thedistal four seg-
mentsin porcellanidsaretypically equippedwith fan-shapedrowsof long,plumosesetae.
Duringfeeding,porcellanidsswingthethird maxillipedslaterally, in analternatingfolding
andunfoldingof thesetae,whicharein turnwipedby thesecondmaxillipeds.Theepipod
is presentin Galatheidae,Munididae,andMunidopsidae,andabsentin Porcellanidaeand
all Chirostyloidea.

In Aegloidea, thethirdmaxillipediswell-developed,pediform,andfunctionsin feeding
and grooming. It is morphologically very similar to that describedin Galatheoidea,
except that the epipod is presentas a small membraneousbud proximal to the coxa
(�g. 70.21D,E).

In Lomisoidea, thethird maxillipedis well developed,pediform(�g. 70.22C),andvery
similar to thatdescribedin Galatheoidea.

In Hippoidea, mostspecieslack thecrista dentata, but it is well developedin species
of Blepharipodidae(�g. 70.23H);a reducedoneis found in several speciesof Albunea.
In Albuneidaeand Blepharipodidae,the exopod is two-segmented.In Hippidae, this
appendageis sub-operculiformandthemeri areenlarged andbroadened.

First pereiopod.– The �rst to �fth pairsof the pereiopods(fourth to eighththoracic
appendages)areuniramous, consistingof coxa andbasisplus a 5-segmentedendopod
(dactylus,propodus,carpus,merus,andischium).In Paguroidea,the�rst pereiopodis the
cheliped. Theleft andright chelipedsaresimilar in size andmorphologyin Pylochelidae
(�gs. 70.1A,70.10A),but inPaguridae,Parapaguridae,andLithodoidea,theright isalways
larger thanthe left (�gs. 70.1C,H, I, 70.2A-C,70.13A,B), andthe shapeandarmature
are often differentbetweenthe two. The left chelipedis always larger in Coenobitidae
(�g. 70.1G),while in Diogenidae,the left is largestin approximatelyhalf of the genera
(�gs. 70.10B,70.13C-E),including CalcinusandDiogenes, andthe chelipedsareequal
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Fig. 70.13.Chelipedsof Paguroidea.A, B, Micropagurus spinimanusAsakura,2005;C, Stratiotes
japonicus(Miyake, 1961);D, Diogenesedwardsii (De Haan,1849);E, Strigopagurusstrigimanus
(White,1847);F, CancellustypusH. Milne Edwards,1836;G, Paguristesdigitalis Stimpson,1858;
H, diagrammaticCoenobita. A, left cheliped,dorsal;B, right cheliped,dorsal;C, left cheliped,
dorsal,mesial,lateral(from left to right); D, left cheliped,outer, upper, lower (from left to right);
E, right cheliped,arrows indicating stridulatory structures;F, operculatechelipedsand second
pereiopod,anteriorview (left) andwholebody, left lateralview (right); G, dactylof right cheliped,
indicatingrowsof corneousspinesonmesialface;H, left cheliped,outerview, indicatingstridulatory
structureon outerface.Abbreviations:�x-f, �x ed�nger; otherabbreviationsasin �g. 70.12.[A, B,
after Asakura,2005;C, D, G, after Asakura,2006b;E, photoby Akira Asakura;F, after Asakura,

2003;H, illust. by Akira Asakura.]
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or subequalin sizeandarmaturein the remaininghalf of the genera,suchasPaguristes
andAniculus(�g. 70.13G).However, a few exceptionsareknown in thediogenids,such
as Petrochirus in which the right is always distinctly larger, and Pseudopaguristesand
Clibanariusin which the sizerelationbetweenthe two chelipedsvariesby species.The
chelaeopenhorizontally in the majority of species,but in somegeneraof Diogenidae
suchas Dardanusand Calcinus, the propodal-carpalarticulationsare rotatedfrom the
perpendicularplaneof thebodysothatthechelaeopenin anobliquelyverticalplane.

Chelipedscanoftenbeusedasanoperculum for thegastropodshell(or othershelter)
inhabitedby a hermit crab. Many speciesin Pylochelidaeuseboth chelipedsto form
an operculum(�gs. 70.1A), while various speciesof Diogenidae,Coenobitidae,and
Paguridaeusethe larger chelipedonly asan operculum(�g. 70.13H).The morphology
of thechelipedsis sometimesdifferentbetweenthesexesandin somespeciesof Pagurus,
theright chelipedin malesis quitelargeandelongate,e.g.,PaguruslongicarpusSay, 1817,
in comparisonto thatof thefemale.

In Lithodoidea, thisappendageis morphologicallyquitesimilar to thatof Paguridae.
In GalatheoideaandChir ostyloidea, the �rst pereiopodsarethe obvious chelipeds.

They are usually longer than the overall body length, and always longer than the
carapace,andconsistof thedactylusandpropodus(which form thechela),carpus,merus,
ischiobasis,andcoxa(�gs. 70.3C,E, F, 70.17A, 70.18A,70.19A).An epipodis usually
present.The chelipedsare usually slightly dissimilar in size in Porcellanidae,but near
symmetricalin otherGalatheoideaandChirostyloidea.Sexualdimorphism, however, is
evident in adultmalesin which thechelipedsareusuallylongerandmorein�ated thanin
females.Additionally, in somelargemalesof somespeciesof Munida, onecheladevelops
a larger gape,betweenthe dactylusand propodus,along with a pronouncedtooth on
the occlusalmargins. This modi�cation is believed to be instrumentalin male-to-male
competitionfor mates(Claverie & Smith, 2007).Normally, the occlusalmargins of the
dactylusandpropodusarelined with teethor nodules,andtheapicesarecalcareous,and
usuallysimple.In Kiwaidae,thecheliped�ngers havecorneousdenticulationdistally and
corneousscaleslining the remainingocclusalmargins. In many speciesof Munidopsis
andseveralothergalatheoidgenera,thecheliped�ngers terminatein a seriesof teeththat
interdigitatewhen the chelais closed.In porcellanids,the chelipedsare dorsoventrally
�attened,with a broadchelaandcarpus.Whenfolded,thechelipedsareheldtransversely
andthey typically openhorizontally(�g. 70.19A).In GalatheoideaandChirostyloidea,the
chelipedsare typically subcylindrical (broadand �attened in Shinkaia), held anteriorly,
and the chelaetypically openvertically. The chelipedsin all groupsmay be variously
ornamentedwith spines,tubercles,striae, and setae.In Kiwaidae,the surfacesof the
chelipedsare studdedwith conical spinesand tubercles,and are denselycoveredwith
plumosesetae(�g. 70.3D).

In Aegloidea, the �rst pereiopodsarechelate,asymmetrical(almostalwayslarger on
the left side), and often larger in malesthan in females.The cheliped is often highly
variable in form both betweensidesin the sameindividual and within a species.The
dactylusis usuallyshortandheavy, dorsallyandlaterallysmoothor �nely granulate,with
the cutting edgelined with low corneousscalesor tubercles.The propodusis large and
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in�ated (�g. 70.3A),usuallywith asmoothor �nely granulatesurface,andthecuttingedge
mayor maynot have alargeproximal tubercleor tooth.A characteristicof theaeglids is
thepresencein mostspecies(seeBond-Buckup& Buckup,1994)of alargepalmar ridge,
crest, or lobe (armedor unarmed)on the dorsalsurfaceof the propodus.The carpusis
shortandstout,anddorsallyarmedwith 4-5 large corneousspines.The merusis heavy
andtriangular, andsimilarly armedwith threerows of corneousspines.The ischiumand
basisarefusedandunarmed,exceptfor the occasionalpresenceof a large ventromesial
spine.Thecoxais heavy, globose,andgenerallyunarmed.

In Lomisoidea, the chelipedsare dorsoventrally �attened and inwardly directedin
Lomis, like in Porcellanidae(�g. 70.3B).All segmentsarestout,andcoveredwith coarse
granulationsandpunctuationsof setae.A signi�cant palmarcrest,ridge,or lobeis present,
asin aeglids.

In Hippoidea, the �rst pereiopodsare similar from left to right. In Hippidae,they
are not chelatebut simple, and the dactyli are cylindrical or lamellate (�gs. 70.4C,
70.9H).The �rst pereiopodsin AlbuneidaeandBlepharipodidaearelarge,well calci�ed
chelipeds(�g. 70.23I).Thecarpusis with (Blepharipodidae)or withoutadorsodistalspine
(Albuneidae).

Secondand third pereiopod.– In Paguroidea, theseappendagesarewell developed
andusedfor walking, or very rarelyswimming, suchasin thepaguridsIridopagurusand
Spiropagurus (cf. de Saint Laurent-Dechance,1966; Garcia-Gomez,1983).Adaptation
for swimming amonghermit crabsconsistsprimarily of the developmentof natatory
setaeon theseappendages(McLaughlin,1982).The appendagesat issuearesometimes
asymmetrical, in particularin Paguridae,Diogenidae,andCoenobitidae.In many species
of Dardanus(Diogenidae),the dactylusand propodusof the left third pereiopodare
much broaderand the armatureis often more complicatedthan on thoseof the right
third appendage.Most speciesof land hermit crab, Coenobita, use the left cheliped
and left secondandthird pereiopodasan operculum of their gastropodhostshell, and
consequentlythe dactylusand propodusare broadand their lateral facesare �attened.
Conspicuousdissimilarlity in theseappendagesis also known in many other genera
including Clibanarius, Pylopaguropsis, and Pagurodo�einia. Setationis also different
from left to right in somespecies.For example,DiogenespataeAsakura& Godwin,
2006hasdense,plumosesetaeon thelateralfacesof theleft secondandthird pereiopod,
but thoseof the right lack suchsetation.A wide variety of morphologyis seenin the
dactyli of the secondandthird pereiopods.Cylindrical or subcylindrical-shapeddactyli
are known in many speciesin Paguridae,Diogenidae,and Lithodoidea,and theseare
frequentlyarmedwith rows of corneousspines,in particularon the ventral facesand
sometimeson the mesial facesdorsally (�g. 70.14A-I). In thesecases,the dactyli can
sometimesbe slightly curved ventrally aswell. Flatteneddactyli areknown in Diogenes
(Diogenidae)andvariousspeciesin Paguridae,suchasCatapagurus(�g. 70.14J,K), in
which thedactyli aresometimesunarmedbut providedwith rows of setae.Thedactyli of
many speciesof Parapaguridaeareslenderandslightly curved ventrally (�g. 70.1H, I).
The morphologyof the propodi is varied,but is generallyrectangularor subrectangular
from lateralview. The armatureof the propodi is alsovaried,asa few corneousspines
at the ventrodistalangle,a row of corneousspineson the ventral margin, or a row of
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Fig. 70.14. Secondand third pereiopodsof Paguroidea.A, B, Dardanus umbella; C, D, E,
Pylopaguropsis furusei Asakura,2000; F, G, Calcinuselegans(H. Milne Edwards,1836); H, I,
Diogenesnitidimanus; J, K, Catapagurustuberculosus(Asakura,1999).A, left secondpereiopod,
lateral; B, left third pereiopod,lateral; C, left secondpereiopod,lateral; D, same,dactylusand
propodus,mesial; E, same,propodus,ventral; F, left second pereiopod,lateral; G, left third
pereiopod,dactylusand propodus,ventral; H, left secondpereiopod,lateral; I, same,dactylus,
mesial;J, left secondpereiopod,same,dactyl, mesial.Abbreviationsas in �g. 70.12.[A, B, after
Asakura,2006a;C, D, E, after Asakura,2000; F, G, after Asakura,2002; H, I, illust. by Akira

Asakura;J,K, afterAsakura,1999.]
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calcareousspinesmaybepresent.Thecarpi aregenerallyshortandvery oftenprovided
with adorsodistalspine.Themeri aregenerallyrectangularor subrectangularfrom lateral
view. In females, a gonopore openson oneor both coxaeof the third pereiopods. But
males with small gonoporeson thesecoxaeare also reportedin some species(seethe
sectionon thegenitalapparatus,herein).

In Lithodoidea, the secondthroughthird pereiopodsaredevelopedaswalking legs.
They are symmetrical from left to right and composedof dactylus,propodus,carpus,
merus,ischiobasis,andcoxa(�g. 70.2A-C).

In GalatheoideaandChir ostyloidea, thesecondthroughthird pereiopodsarewalking
legs. They are always symmetricalfrom left to right and are composedof dactylus,
propodus,carpus,merus,ischiobasis,and coxa (�g. 70.3C,E, F). Epipodsare usually
absent,except in the galatheoidsRaymunida, Galacantha, and Shinkaia(�rst to third
pereiopods),andsomespeciesof MunidopsisandGalathea(variable).In all galatheoids
andalmostall chirostyloids,thewalking legsarestructurallysimilar, differing chie�y in
length (the secondpereiopodis the longest,followed by the third andfourth pereiopod)
andin minordetailsof ornamentation.Only in thechirostylidgenusUroptychodesarethe
walking legs signi�cantly heteromorphic; here,the secondpereiopodis distinctly more
slenderthanthethird andfourthpereiopod.

In Galatheoidea, thewalking leg segmentsareusually�attenedandvariouslyspinose
andsetose(�gs. 70.17A,70.19A).Shinkaiais exceptionalamonggalatheoidsin having
denseplumosesetaecoveringtheventralsurfaceof thesternum,andtheproximalhalf of
thepereiopod.Thedactyli of galatheidsandporcellanidsaretypically armeddistallywith
acorneousunguis, followedby a row of �x edor articulatedcorneousspineson the�e xor
margin. In additionto othersurfacespines,thepropodusis usuallyalsoarmedwith aseries
of movablecalcareousspines.

Thewalking legsin Chir ostyloideaareusuallysubcylindrical to slightly �attened,and
arealsovariouslyarmedandornamented(�gs. 70.18A,70.3C,D) (generallysmoothin
Uroptychus, andspinosein othergenera).The dactyli andpropodipresenta wide range
of ornamentation,rangingfrom a corneousunguis with rows of �x ed or movable�e xor
spinesandsetae,to minutedenticulationor noarmatureatall. Similarly, the�e xor margin
of thepropodusmayhaverowsof movablespines,or lackornamentation.In many species,
especiallyof Uroptychus, the dactylusandpropodusappearto form a prehensilelimb,
possiblyasanadaptationfor clingingto branchingsoftcorals.Thedactylusis arcuate,and
occludes,or almost,with the distal �e xor margin of the propodusthat bearsa seriesof
movablespinesseton anexpansionof thepropodus.Sexesareseparatein galatheoids.In
females,thegonoporeis on theventralsurfaceof thecoxaof thethird pereiopod.

In Aegloidea, thesecondthroughthird pereiopodsarewalking legs,asin galatheoids,
andarecomposedof dactylus,propodus,carpus,merus,ischiobasis,andcoxa.They are
structurallysimilar andof approximatelythesamesize (�g. 70.3A).All of the limbs are
angledforward,sothat theposteriorfacesof theappendagespoint upward.All segments
are coveredwith sparse,short simple setae,the merus,carpus,andpropodusmay bear
rowsof shortspineson the dorsalandventraledges,andthecarpusis usuallyornamented
with a singledistodorsal,corneousspine.
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In Lomisoidea, the secondthrough third pereiopodsare short and stout, and the
dactylusendsin a conicalclaw. Epipodsareabsent.They arecoveredwith punctuations
of setaeand�ne granulationlike thechelipeds(�g. 70.3B).

In Hippoidea, theseappendagesarewell developedaswalking legs(�g. 70.4A-D). In
females,a gonoporeopenson both coxaeof the third pereiopod(�g. 70.9J),but males
with small gonoporeson thesecoxaeare also reportedin some speciesof Albuneidae.
In Albuneidaeand Blepharipodidae,the dactyli are more or less hook-like, laterally
compressed,and dorsoventrally expanded.The dorsodistalangleof the carpusis often
strongly produced,in particular in the secondand third pereiopods(�g. 70.23J-L).In
Hippidae,thedactyli are�attened(�g. 70.9H).

Fourth pereiopod.– In Paguroidea, this appendageis moreor lessreducedandused
to brace againstthe insideof theshell’s columellaand,assistedby thesimilarly-reduced
�fth pereiopodsand uropods,holds the hermit crab within its shell or other housing.
McLaughlin (1997, 2003) recognizedfour typesof fourth pereiopod.Subchelate: the
pereiopodis developedas a prehensilestructureby the folding back of the dactylus
against the propodus(�g. 70.15A).Semichelate:the ventralmargin of the propodusis
producedbeneaththe dactylusto suchan extent that �e xion of the dactylusbecomes
muchmoreakin to the actionof a dactylusagainsta �x ed �nger of a chelateappendage
(�g. 70.15C).Chelate: a completechela.Simple: the dactylusis joined to the distal
margin of the propodusso that the dactylusand the propodusdo not form any chelate
condition(�g. 70.15D-F).Most specieshave asemichelatefourth pereiopod,somehave
a subchelateone,andthesimple or chelateconditionsareseenonly infrequently. Among
thosespecies,the dactylis very often provided with a row of corneousspinesor teeth,
eitheron theventralmargin or ventrallyon the lateralface(�g. 70.15C).In somegenera
of Paguridae,such as Solenopagurus, Pylopagurus, Pagurus, and the diogenid genus
Pseudopaguristes, a preungual processoccurs.This anomalousstructureis an oval or
circular, blister-like,nodule-like,or �nger-likeprojectionfoundbetweentheterminalclaw
andthedistalmosttoothof theventralrow of corneousspines(�g. 70.15A;seeLemaitre

Fig. 70.15.Fourth and�fth pereiopodsof Paguroidea.A, B, Pseudopaguristesbicolor Asakura&
Kosuge,2004; C, Calcinuselegans; D, Alainopaguroideslemaitrei McLaughlin, 1997;E, Ostra-
conotusspatulipesA. Milne-Edwards,1880; F, Solitariopagurus tuerkayi McLaughlin, 1997; G,
EnneophyllusspinirostrisMcLaughlin,1997;H, Nematopaguroidesfagei Forest& deSaintLaurent,
1968; I, Anapagurus chiroacanthus(Lilljeborg, 1856); J, DecaphyllusbarunajayaMcLaughlin,
1997;K, Micropaguruspolynesiensis(Nobili, 1906);L, PagurojacquesiapolymorphadeSaintLau-
rent& McLaughlin,2000;M, TarrasopagurusrostrodenticulatusMcLaughlin,1997;N, Trichopagu-
rus trichophthalmus(Forest,1954); O, Forestopagurus drachi (Forest,1966); P, Catapaguroides
japonicusdeSaintLaurent,1968;Q, Turleaniamultispina McLaughlin,1997;R, Michelopagurus
limatulus (Henderson,1888); S, Acanthopagurus dubius (A. Milne-Edwards & Bouvier, 1900);
T, Solenopagurus lineatus (Wass,1963); U, Enneopagurus garciagomeziMcLaughlin, 1997; V,
PagurodesinarmatusHenderson,1888.A, left fourthpereiopod,dactylusthroughcarpus,lateral;B,
right �fth pereiopod,lateral; C,left fourth pereiopod,lateral;D, left fourth pereiopod,dactylusand
propodus,lateral;E, right fourthpereiopod,lateral;F, left fourthpereiopod,dactylusthroughcarpus,
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lateral; G-I, dorsal view of whole body, pereiopodexcluded,dorsal; J-V, coxaeand sterniteof
�fth pereiopodsand sexual tubes.Abbreviations: cl, claw; preu-proc,preungualprocess;�x-f,
�x ed �nger; otherabbreviationsas in �g. 70.12.[A, after Asakura& Kosuge,2004;C, illust. by
Akira Asakura;D, after McLaughlin,1997;E, after A. Milne-Edwards& Bouvier, 1894;F, after

McLaughlin,1997;G-V, afterAsakura,2003.]
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et al., 2010).Furthermore,anotherconspicuousstructure,a prominent,circularÒtypeAÓ
sensorystructur eis alsoknown in speciesof Elassochirus(Paguridae)onthelateralfaces
of the fourth pereiopod.The propodiareusuallyarmedwith corneousscalesor spines.
Theremaybea row of widely separatespines,a singlerow of scales,or multiple rows of
scales,forminga rasp(�g. 70.15A,C).

In Lithodoidea, the fourthpereiopodsarealsowalking legs,andtheir morphologyis
similar to that of the precedingtwo pairs.The sameis also the casefor Galatheoidea,
Chir ostyloidea, Aegloidea, Lomisoidea, andHippoidea (�gs. 70.3A-F, 70.9H,70.23L).

Fifth pereiopod.– The�fth pereiopodsarereducedandusuallychelateor occasionally
subchelate(seede�nition above).In Paguroidea, thedactylusis sometimesprovidedwith
a row of tiny corneousspinesor teethon the cutting edge.The dactylusand propodus
(including the �x ed �nger) may have one to a few rows of corneousscales,sometimes
forming rasps(�g. 70.15B). In males, a gonopore generallyopenson both coxae of
this appendage(�g. 70.5G).However, certainspeciesof Coenobitidaepossesscalci�ed
tubular elongations (sexual tubes) on one or both coxae,acting as a spermdelivery
tube(seeReproduction,below). Furthermore,malesof a numberof generain Paguridae
have membranous,chitinous, or weakly calci�ed sexual tubeson one or both coxae
(�g. 70.15G-I).Thesesexual tubesmaybeshort, long,coiled,bentacrosstheventralbody
surface,or with a terminal �lament. Thesestructuresprovide diagnostic characters for
speciesidenti�cation aswell asfor genericassignment(�g. 70.15J-V).

In Lithodoidea, this appendageis foldedunderneaththecarapaceandis morphologi-
cally quitesimilar to thatof Paguridae.

In Galatheoidea and Chir ostyloidea, the �fth pereiopodis considerablydifferent
from the precedinglimbs. It is markedly smaller than the walking legs, lacking spines
or ornamentationother thansetae,andis typically usedin grooming (�gs. 70.3C,E, F,
70.17A, 70.18A,70.19A).The limb is composedof dactylus,propodus,carpus,merus,
ischiobasis,andcoxa,andisheldfoldedagainstthebodyalongtheposterolateralmarginof
thecarapace,or partiallyconcealedbeneaththeanteriortwo pleomeres.Thedenselysetose
dactylusandpropodusform achela,andthey maybeprovidedwith minuteteethor scales
on theocclusalmargins.Thesetationof thechelais sexually dimorphicin Bathymunida
andallies(Munididae).In males,thegonoporeis presentontheventralsurfaceof thecoxa.
In Galatheoidea,the �fth pereiopodcoxainsertson sternite8. In Chirostyloidea,sternite
8 is absent,andthe �fth pereiopodcoxainsertson the articularmembraneof the eighth
thoracomere.In Kiwaidaeof thesuperfamily Chirostyloidea,the�fth pereiopodis unusual
in having a strongly �attenedpropoduswith a pronouncedsemi-circularexpansionof the
extensormargin,andin having its coxalinsertionbeneaththeseventhsternite,whichis not
visible externally. Whenfolded, the limb is partially concealedbeneaththe anteriortwo
pleomeres(�g. 70.3D).

In Aegloidea, the �fth pereiopodis reducedand modi�ed, and thereforediffers
signi�cantly from the other pereiopods.It is carried beneaththe posteriorpart of the
carapaceandfunctionsin cleaning the gills, the posteriordorsalcarapace,the third and
fourthpereiopod,andpleopodsandeggsin thefemale.Thetip of theappendageis chelate,
formedby thearticulationof a minutedactyluswith thepropodus.Thepropodus,carpus,
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merus,andischiumareall elongated,cylindrical segmentswith varyingamountsof long
simplesetae(mostlydistally).Thebasisis not fusedwith theischium,but articulateswith
theglobosecoxa.In malesthecoxais modi�ed to carrya small sexual tube,of sorts.The
membraneousvasdeferensextendsfrom thegonoporeon thecoxa,andis supportedby a
slightly elongate,spoon-shapedprocess.

In Lomisoidea, the�fth pereiopodis reduced,slender, andde�ectedinto thebranchial
chamber. Thetip of the dactylis minutelychelate.

In Hippoidea, this appendageis reduced,chelate,andfoldedunderneaththecarapace
(�g. 70.9H-J).In males,agonoporeopensonbothcoxaeof the�fth pereiopod.

PLEOPODS

First to Þfth pleopods.– In Paguroidea, thepleopodsarehighly variable.In Pyloche-
lidae,thepleomereseachhave apair of pleopods:in males,the�rst andsecondpleopods
aremodi�ed asgonopods, andthethird to �fth pleopodsmaybeuniramousor biramous;
in females,the �rst pleopodsaremodi�ed asgonopods,andthesecondto �fth pleopods
are usually biramous.In most speciesof Diogenidaeand Paguridae,the �rst pleopods
areabsentin both sexes,but unpairedsecondto �fth, or third to �fth, left pleopodsare
presentin males,and often the secondto �fth, or lessfrequently, secondto fourth left
pleopods,arepresentin females(�gs. 70.10B,C, 70.16A,B). However, therearesomeex-
ceptions(�g. 70.16C).For example,malesof speciesof PaguristesandPseudopaguristes
have paired�rst andsecondpleopods(�gs. 70.5G,70.16D-F)andfemaleshave apaired
�rst pleopod,all of which aremodi�ed asgonopods.Similarly, femalesof a considerable
numberof generain Paguridaeincluding Agaricochirus, Chanopagurus, Enallopagurus,
Lophopagurus, Nematopagurus, andPylopagurushave paired�rst pleopodsmodi�ed as
gonopods.The�rst to �fth pleopodsaretotally absentin malesof Spiropagurus(Paguri-
dae)andCancellus(Diogenidae).In Coenobitidae,maleslack thepleopods,but females
have threeunpairedleft pleopods.In Parapaguridae,maleshave paired�rst andsecond
pleopodsmodi�ed asgonopods,while femaleshave pairedsecondpleopodsin which the
right is reducedandusuallyhaveunpairedleft third to �fth pleopods.

In Lithodoidea, themaleslackthepleopods,but femalesoftenhave apairof small �rst
pleopodsanduniramous,unpairedsecondto �fth left pleopods(�g. 70.16G,H).

In GalatheoideaandChir ostyloidea, mostmaleshavepairedgonopodsonthe�rst two
pleomeres,andpairedmodi�ed uniramouspleopodsonthethird to �fth pleomeres.Several
galatheoids,however, lack the �rst gonopodin males,e.g., Agononida, Anoplonida,
Crosnierita, and Galatheain�ata Potts,1915. In femalegalatheoids,the �rst pleomere
lacks pleopods,the secondpleopodis rudimentaryor well developed,and the third to
�fth pleopodsarefully developed.In Porcellanidae,maleshave asinglepairof uniramous
pleopodson thesecondpleomere,andfemaleshave apair of uniramouspleopodson the
secondto �fth pleomeres.In mostChirostyloidea,malesusuallyhavepairedgonopodson
the�rst two pleomeres,andfemaleshavepairedpleopodsonthesecondto �fth pleomeres.
In Eumunididae,however, themaleslack pleopodsaltogether(exceptin somespeciesof
Eumunidain which a vestigialsecondpleopodmaybepresent)andfemaleshave paired
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Fig. 70.16.Pleonalappendagesof PaguroideaandLithodoidea.A, B, DardanusrobustusAsakura,
2006;C, Pylopaguropsisfurusei; D-F, Pseudopaguristesbollandi; G, Paralithodes; H, Oedignathus
inermis(Stimpson,1860).A, pleon,dorsolateral,left, male;B, same,female;C,coxaeandsterniteof
�fth pereiopodsand�rst pleopods,ventro-posterior, female;D, coxaeandsterniteof �fth pereiopods
and�rst andsecondpleopods,ventral,male;E, distalportionof �rst pleopodof male,external(left)
andinternal(right); F, distalportionof secondpleopodof male,external(left) andinternal(right);
G, pleon,outer, female;H, pleon, inner, female.Abbreviations: bas-l, basallobe; bas-seg, basal
segment;co-p5,coxaof �fth pereiopod;dist-seg,distalsegment;endop,endopod;exop,exopod;ext-
l, externallobe;inf-lam, inferior lamella;int-l, internallobe;pl-1 to pl-5, �rst through�fth pleopod;
tel, telson;ter-pls 1 to ter-pls 6, tergite of �rst throughsixth pleomere;urop,uropod.[A, B, after
Asakura,2006a;C, after Asakura,2000;D-F, after Asakura& McLaughlin, 2003;G, after Boas,

1924;H, afterKamita,1956.]
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secondto �fth pleopods.In Kiwaidae,bothmalesandfemaleshave uniramoussecondto
�fth pleopods,thoseof malesbeingreduced.

In Aegloidea, the female has four pairs of well-developed, subequal,uniramous
pleopodsthat are two-segmented,with the proximal segmentbeing twice the lengthof
thedistalsegmentin the �rst andsecondpleopods,but aslong asin thethird andfourth.
The distal segmentis terminally rounded,with numerouslong, simple setae.The male
pleopodsare greatly reducedand are representedby minute knobsonly on the second
throughfourthpleomeres.

In Lomisoidea, the malehasa pair of prominentpleopodson pleonites1 and2, and
thenpairedvestigialbumps,representingthepleopods,on pleonites3 through5. The�rst
pleopodis uniramous,3-segmented,with thedistalsegmentoval in shapeandsetose.The
secondpleopodis 3-segmentedandbiramous,with theendopodbeingoval in shapeand
setose,andthe exopodbeingdigitiform andsetosedistally. The femalehas� ve pairsof
symmetricalpleopods.The �rst pleopodis reducedanddigitiform, while pleopodstwo
through� veare2-segmented,biramous,andsetose.Theexopodandendopodaresubequal
oneachpleopod.

In Hippoidea, femalesof AlbuneidaeandBlepharipodidaehave pairsof well-devel-
oped,uniramous,secondto �fth pleopods.Maleslackpleopods,but anexceptionis found
in speciesof somegeneraof Albuneidae,whichhaverudimentaryor small pleopodsonthe
secondto �fth pleomeres.In Hippidae,maleslackpleopods(�g. 70.9I),andfemaleshave
pairedsecondto fourth pleopods(Hippa) (�g. 70.9J)or secondto �fth pleopods(other
genera).

Uropods. – In Paguroidea, theselimbs are paired, well calci�ed, stout, and bear
numerouscorneousscalesforming raspson theendopodsandexopods(andoccasionally
on theprotopods) (�gs. 70.1A,70.10A-D,70.16A,B). Theexopodsaregenerallylarger
thantheendopods.

In Lithodoidea, uropodsareabsent(�gs. 70.10E,F, 70.16G).
In GalatheoideaandChir ostyloidea, theuropodsconsistof ashort,stoutprotopodthat

mayor maynot bearspinesandsetae,anda lamellarexopodandendopod.Themargins
of theexopodandendopodarelined with plumosesetaeandsometimesalsosmallspines
or denticles.Togetherwith thetelson,theuropodsform a tail fan(�gs. 70.3C,E, 70.17B,
70.18F, 70.19E,70.20D).

In Aegloidea, the sixth pleomerebearswell-developed,oval, lamellar uropods,the
margins of which are lined with denseplumoseand simple setae.The outer and inner
uropodalrami curve slightly inwardsandarticulatewith the telsonto make afunctional
tail fan(�g. 70.21G).

In Lomisoidea, the femaleshave well-developed,slenderuropodsthat do not form a
tail fan (�g. 70.22F).The uropodsare 2-segmentedand the outer rami are threetimes
aslong asthe inner rami. Whenthe pleonis extended,the uropodspoint anteriorly, not
posteriorly. Theuropodsarevestigialin males.

In Hippoidea, apairof uropodsis present,specializedfor burr owing, andnotprovided
with rasps.In Hippidae,theuropodsarelongandlamellar(�g. 70.9H).
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Fig. 70.17.Galatheoidea.A-F, Munida(Munididae);G, Galathea(Galatheidae).A, dorsalhabitus;
B, ventral habitus;C, maxilliped 3, lateral view; D, maxilliped 3, mesial view showing crista
dentata;E, antenna,segmentsnumbered;F, sternalplastron,segmentsnumbered;G, pereiopod2.
Abbreviations:aag, apertureof antennalgland;an,antenna;al, antennule;b, branchialregion; bas,
basis;c,cardiacregion;carp,carpus;cd,cristadentata;cg,cervicalgroove;cox,coxa;dact,dactylus;
e, eye; epi, epipod;exo, exopod; ib, ischiobasis;isch, ischium;la, linea anomurica;mer, merus;
mxp3,maxilliped3; pg,postcervicalgroove;p1 through5, pereiopods1 through5; pln 1 through6,
pleonites1 through6; r, rostrum;ptf, pterygostomial�ap; ss,supraocularspine;stp, sternalplastron;

tel, telson;uro,uropod.[Modi�ed afterBabaetal., 2009.]
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Fig. 70.18. Chirostyloidea,Chirostylidae:Uroptychus spinirostris (Ahyong & Poore,2004). A,
dorsalhabitus;B, body, right lateral view; C, antenna;D, maxilliped 3, lateral view; E, sternal

plastron;F, posteriorpleon.[Modi�ed afterAhyong& Poore,2004.]

INTERNAL MORPHOLOGY

Both McLaughlin (1980,1983c)andFelgenhauer(1992b)providedexcellentreviews
of theinternalsystemsof all decapods.Only subsequent,or moredetailed,worksspeci�c
to anomuraninternalsystemsarediscussedbelow.
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Fig.70.19.Galatheoidea,Porcellanidae:Petrolisthes. A, dorsalhabitus;B, carapace,left lateralview;
C, orbit andantenna;D, maxilliped3, lateralview; E, sternalplastronandposteriorpleon.[Modi�ed

afterOsawaetal., 2010.]

Muscles

Mellon (1992) reviewed the ultrastructureof decapodmuscles, but publishedwork
on the speci�c musculature of anomuransis sporadicand limited to just a few taxa.
Pilgrim (1973) describedthe speci�c musculaturein the thorax of the hermit crab
Paguruslongicarpus, Pike(1947)describedthemusculatureof thesquatlobsterGalathea
squamifera Leach,1814,andMyklebust& Tjonneland(1975)examinedtheultrastructure
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Fig. 70.20.Chirostyloidea,Kiwaidae:Kiwa hirsuta. A, body, right lateralview; B, anteriorsternal
plastron, somitesnumbered;C, antennaand antennules,segmentsnumbered;D, distal pleon.

[Modi�ed afterMacphersonet al., 2005.]

of thecardiacmusclecells in thegalatheid,Munida. Meiss& Norman(1977b)provided
an overview of the musculatureof the stomatogastricsystemin someanomurans,and
similarly Kunze& Anderson(1979)analyzedthe musclesin the foregut of Clibanarius
taeniatus(H. Milne Edwards,1848)(seedigestive system,below). A seriesof papersby
Paul and colleagueson the neuromuscularmorphologyusedfor swimming, escapere-
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Fig. 70.21.Aegloidea,Aeglidae.A-C, G, Aegla uruguayanaSchmitt,1942;D-F, Aegla platensis.
A, carapace,dorsal view; B, carapace,right lateralview; C, antenna;D, maxilliped 3, lateralview;
E, maxilliped 3 ischium,mesial view showing cristadentata;F, anteriorsternalplastron,somites

numbered;G, posteriorpleon.[Modi�ed afterMartin & Abele,1988.]

sponsetail-�ipping, or digging in decapods,includedseveral anomurans,e.g.,Munida,
Blepharipoda, andEmerita, andinvestigatedtheevolution of themorphologyandbehav-
iorsbasedoncomparisonsof pleonalmusculatureandassociatedneuralcircuitry (seePaul
etal., 1985;Paul,1989, 1991,2003).
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Fig. 70.22.Lomisoidea,Lomisidae:Lomis hirta. A, carapaceand anteriorpleon (pleonitesnum-
bered);B, carapace,left lateral view; C, maxilliped 3, mesialview; D, sternal plastron,somites
numbered;E, posteriorpleon,male;F, telsonandleft uropodof female,ventralview (right pleopod

not shown). [Modi�ed afterMartin & Abele,1986.]

Nervoussystem

Govind (1992) provided an excellentoverview of the decapodnervous systemfrom
which the anomuranmorphologycan be basicallyinferred.As mentionedin the above
sectionon muscles,Paul and colleagues(Paul et al., 1985; Paul, 1989, 1991,2003)
describethe neurobiologyof several anomuranspecies,acrosstwo superfamilies, in
the context of the evolution of certainbehaviors. The morphologyandevolution of the
cerebral ganglia(brains) of 13speciesof decapods,includingthreeanomurans(Pagurus,
Birgus, and Petrolisthes) is also describedin Sandemanet al. (1993). In hermit crabs,
the supraesophagealganglion (brain) is prominent,andlocatedin the midline between
the ocularpedunclesand above the epistome.From this ganglion,major nerves radiate,
including the optic, antennal,antennular, and tegumentalnerves (McLaughlin, 1980,
1983c).

Aroundtheesophagus,theesophagealconnective is located,with theswelling of the
paraesophagealganglion. Theesophagealconnectiveterminatesin athoracic ganglionic
massoverlayingtheventralthoracicartery(�g. 70.24A,C). Threemassesof fusedganglia,
separatedby constrictions,comprisethis thoracicmass.Thethird clusterof ganglia,which
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Fig. 70.23. Cephalothoracicappendagesof Hippoidea.A-L, Lophomastixjaponica; M, Hippa
paci�ca. A, left antennule,lateral; B,left antenna,lateral;C, mandible,left, mesial;D, maxillule,
left, lateral;E, maxilla, right, lateral;F, �rst maxilliped, right, lateral;G, secondmaxilliped, right,
lateral;H, third maxilliped, right, lateral;I, �rst pereiopod,right, lateral;J, secondpereiopod,left,
lateral; K, third pereiopod,left lateral; L, fourth pereiopod,left, lateral;M, antenna,left lateral.

Abbreviationsasin �g. 70.12.[A-L, afterBoyko, 2002;M, afterBoyko & Harvey, 1999.]

is piercedby thesternalartery, is composedof thegangliaof thefourthand�fth pereiopod
and�rst pleomere.

In the pleon, the nerve cord is of the ladder type with � ve pairs of fused ganglia
(�g. 70.24C).As a result of the �e xure of the pleon, the nerve cord in hermit crabsis
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skewedto theleft from thesecondto fourth pleomeres.Thepleonal�e xurealsoresultsin
theatypicaldevelopmentof pleonalmusculature.

Senseorgans

An overview of senseorgansin Decapodacanbefoundin Govind (1992).Compound
eyes,antennularaesthetascsensilla,andstatocystsarethreeorgansfor whichthereis some
publishedliteraturespeci�c to Anomura.

Theknown typesof eyesin anomuransincludetheappositioneye(�g. 70.25A),found
in the hippoid,Hippa adactylaFabricius,1787andthe aegloid, Aegla denticulataNico-
let, 1849,andthesuperposition eye (�g. 70.25B),of which therearethreeforms(Gaten,
1998; Richter, 2002; Porter& Cronin, 2009) (�g. 70.25C-H).Theseare the reßecting
superposition compoundeye (with many mirrors),which is foundin thegalatheoids,in-
cludingPetrolistheselongatus(H. Milne Edwards,1837),Porcellanaplatycheles(Pennant,
1777),Munida irr asa A. Milne-Edwards,1880,and Munida rugosa(Fabricius,1775),
thechirostyloids,e.g.,Chirostylusinvestigatoris(Alcock & Anderson,1899)(seeBursey,
1975;Eguchietal.,1982;Fincham,1988;Meyer-Rochow etal.,1990;Gaten,1994,1998),
andalsoin thelithodoid Paralomismultispina(Benedict,1895)(seeEguchiet al., 1997).
Thenthereis the refracting superposition eye (with many lenses)only foundso far in
Anomura(cf. Nilsson, 1990) in the diogenidhermit crab, Dardanusmegistos(Herbst,
1804)(�g. 70.25K).And �nally theparabolic superposition compoundeye(with mirror-
lenscombination)foundin thepaguridhermitcrab,Pagurusbernhardus(Linnaeus,1758),
by Nilsson(1988).All formsof thecompoundeyecontributeto theformationof a single,
erectimagein theeye,on a layerof contiguous,deep-lyingreceptors(�g. 70.25I,J). Her-
mit crabshavecompoundeyesthatarecoveredby thecornea, a transparentversionof the
generalbodycuticle,andsetonmoveableeyestalks(theocular peduncles) (�gs. 70.1A-I,
70.5A-C,70.6A,B, 70.8A,70.10A,B). Thefacetsaresquarein outlinein galatheoidsand
somespeciesof the symmetricalhermit crabsPylochelidae,including Cheiroplatealati-
caudataBoas,1926andPylochelesmortenseniiBoas,1926.Hexagonalfacetsarealmost
certainlyplesiomorphic, so thepresenceof squarefacetsin galatheoidsandpylochelids
lendssupportto a closerelationshipbetweenthetwo groupsasrecoveredby recentphy-
logeneticanalyses(Ahyong& O’Meally, 2004;Tsanget al., 2008;Ahyonget al., 2009).
Theommatidialfacetsarehexagonalin all otherhermitcrabsandin Hippidae(cf. Richter,
2002).Thecorneais well pigmentedin almostall anomuranspecies,but variablein size
andshape.Exceptionsto stronglypigmentedcorneasincludedeep-seamemberslikeKiwa
(�g. 70.3D),somegalatheoids(Munidopsidae),andPylochelidae(Cheiroplatea, for ex-
ample)wherethecorneacanbe degenerate(�g. 70.5E).A single hermitcrabspecies,the
deep-seaparapaguridTyphlopagurusforesti deSaintLaurent,1972(�g. 70.5F),wasini-
tially reportedto completelylack eyes(corneas)(de SaintLaurent,1972),but Lemaitre
(2006)latershowedthatthecorneaswerepresent,but aresmall, andhiddenbothdistally
andventrally.

The primary chemosensoryorgans of decapodsare the antennulae,the dactyls of
thewalking legs,andthemouthparts.Antennularchemosensitivity is usuallyascribedto
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Fig. 70.24.Digestive, nervous,andcirculatorysystemsof a paguridhermit crab. AbbreviationsA,
B: aat,antennalartery;abg,pleonalganglion;ag,antennalgland;ala,anteriorlateralarteries;amc,
anteriormidgut caeca;an,anus;ca,cephalicartery;cf, cor frontale(frontal heart);ec,esophageal
connective; es,esophagus;fac,anteriorchamber(cardiacstomach)of foregut; fpc, posteriorcham-
ber (pyloric stomach)of foregut; gp, gonopore;ha, hepaticarteries;hg, hind gut; hrt, heart;mg,
midgut; mgdc,midgut diverticulum;mgg, midgut gland;oa,optic artery;os,ostium;pa,posterior
aorta;pmc,posteriormidgutcaecum;sa,sternalartery;seg,supraesophagealganglion;tgm,thoracic
ganglionicmass;tt, testis;vab,ventral aorticbranch;vd, vasdeferens;vnc, ventralnerve cord;vta,
ventralthoracicartery. AbbreviationsC: crb-r, cerebralregion; pl-r, pleonalregion; thrc-r, thoracic
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aesthetascsor sensillaborneon thelateral�lament of this appendage.In thehermitcrab
Pagurushirsutiusculus(Dana,1851),theaesthetascsof theantennulaeeachhavebetween
300and500receptors,andapproximately6000-8000sensoryendings�ll thelumenof the
aesthetascs.This givesanestimatedbranchingratio of about20 distal branchesfor each
dendrite in the basalregion of a seta.The aesthetaschairshave alsobeeninvestigated
on the antennulaeof the land hermit crabgeneraCoenobita(cf. Ghiradellaet al., 1968;
Vannini& Ferretti,1997)andBirgus(cf. Stensmyret al., 2005),wherethey areadapted
for insect-like olfaction in the terrestrial/aerialenvironment(Vannini & Ferretti, 1997;
Greenaway, 2003;Stensmyretal., 2005).

The importantmechanoreceptor is the statocyst, a gravity receptor providing bal-
ance,locatedat thebaseof the�rst antennularsegments.

Digestive system

The digestive or alimentary systemin decapodsis particularly well describedand
illustrated,in the overview of internalanatomyby Felgenhauer(1992b)and thenagain
later in thesamevolumeby Icely & Nott (1992).Apart from thosestudies,thereis only
limited literaturespeci�c to Anomura.

In anomurans,the principal componentsof the digestive systeminclude the esoph-
agus, the foregut (stomach), the midgut, the hindgut, and their accompanying glands
(caeca) (�g. 70.24A). The esophagusof anomuransis short. The foregut is divisible
into the anteriorchamber(cardiac stomach) andposteriorchamber(pyloric stomach)
(�g. 70.26A-C).Theinnerwalls of thesechambersaredeeplyfoldedandstrengthenedby
a series of plates or ossicles. The entrancefrom the esophagusto the anteriorchamber
is guardedby the esophagealvalvesthat prevent back�ow andassist,togetherwith the
lateral accessoryteeth (pectinealossicles), in pushinglarger food materialtowardsthe
cardiopyloric valve andgastric mill (�g. 70.26D,E, G, H). Thegastricmill is locatedin
theanteriorchamberandits lateralanddorsalteethact in trituration of this largermate-
rial (�g. 70.26F).The cardiopyloric valve lies in the ventralmidline at the posteriorend
of theanteriorchamberandseparatesa largemedian food channel leadingto thegastric
mill from pairedventrolateralchannelsleadingto theampullae. Setalscreensborneonthe
post-pectinealandanterolateralcardiacossiclesguardtheentrancesto theseventrolateral
channels. Thecardiac setalscreengovernsthesizeof particlesthatpassinto thechannels
andthenontotheampullae.Theampullaethemselvescontainfurthersetalscreens,which
separatechannelsleadingto the digestive glands from channelsleadingto the midgut.
The midgut is an elongate,thin-walled,smoothtubeextendingalmostthe full lengthof
the pleon.The hindgutterminatesin a ventrally directedanus at the terminalendof the
telson(McLaughlin,1983c).

region. AbbreviationsD: bl, nephrosac;blc, duct betweenanteriorandposteriorvesicularmasses;
egl, epigastriclobe; gg, left antennalgland; mvl, medioventral lobe; pgl, paragastriclobe; sgl,
supragastriclobe.[A, afterMcLaughlin,1980,1983c;B, D, afterMakarov, 1962;C,afterSandeman,

1982.]
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Fig. 70.25.A-H: diagrammaticrepresentationof the main typesof anomurancompoundeyes.A,
appositioneye, showing isolation of the ommatidium;B, superpositioneye, showing redirection
of light from many facetsto the target rhabdom;C-H, light path throughthe crystallineconesof
superpositioneyes viewed from the side and from above (the dotted line marks the ommatidial
axis); C, D, re�ecting superposition;E, F, refractingsuperposition;G, H, parabolicsuperposition;
I, Pagurus, longitudinalsection throughommatidium;J, Pagurus, proximal retinal cell. Abbrevi-
ationsA-J: bm,basilarmembrane;chy, cornealcell; cor, cornea;crsc, crystallinecone;n�b, unpaired
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At thejunctionof theanterior chamberof theforegutandtheposterior chamberapair
of small,anteriorlydirectedcaeca,the anterior midgut caeca, arisedorsally, andducts
of thehepatopancreas(midgut gland) alsoenterthemidgutat this level. At thejunction
betweenthe midgut andthe hindgut(rectum), a prominent,anteriorlydirectedcaecum,
theposterior midgut caecum, arises(McLaughlin,1983c).

Otherpublishedworks on the gastricmill andotherpartsof the digestive systemin
anomuranscanbefoundin Patwardhan(1935),Schaefer(1970)[for Diogenesbrevirostris
Stimpson,1858]; Pike (1947) [for Galatheasquamifera]; Caine(1975,1976),Meiss&
Norman(1977a,b),andKunze& Anderson(1979)[for Clibanariustaeniatus, Clibanarius
virescens(Krauss,1843),PaguristessquamosusMcCulloch,1913,andDardanussetifer
H. Milne Edwards,1836].Morphologyandfunctionalanatomyof theforegut,speci�cally,
are provided for the galatheoidsPorcellana platychelesand Galatheasquamifera, by
Ngoc-Ho (1984) and Pike (1947), and more recently for the aeglid, Aegla platensis
Schmitt,1942,by Castro& Bond-Buckup(2003).

Circulatory system

Generaloverviews of the decapodcirculatory/vascular system(including blood or
hemolymph) canbefoundin McLaughlin(1980,1983c),Felgenhauer(1992b),andMar-
tin & Hose(1992).Thedecapodcardiovascular systemhasa single muscularventricle
suspendedin thepericardial sinusby ligaments(�g. 70.24A,B). Thehemolymph(blood)
is pumpedout into sevenarteries:(1) anteriorlyis theanterioraorta,(2) and(3) thepaired
anterolateralarteries,and(4) and(5) thepairedhepaticarteries;posteriorlyis (6) thepos-
terior aortaand(7) thesternalartery(Wilkens,1999).Theanterioraorta suppliesblood
to theeyestalks,antennae,andsupraesophagealganglion.Theanterolateralarteries sup-
ply bloodto thegonads,dorsalhepatopancreas,foregut,andantennalglands.Thehepatic
arteriesbranchinto the restof the hepatopancreas.The posterioraortasuppliesblood to
thepleon,hindgut,andpleopods.Lastly, thesternalarterydividesventrallyafter it leaves
theheartandsuppliesbloodto the limbs andmouthparts.All arteriesfurtherbranchinto
arterioles,then into �ne capillary-like vessels,and �nally dissolve into lacunae.It is at
the level of the lacunaethat thebloodbathesall the tissues,andgas,nutrient,andwaste
exchangeoccurs.Decapodslack a truevenoussystem(althoughthereareafferentandef-
ferentbranchialveinsonly in thegill lamellae)andrely onasystemof lacunaeandsinuses
to collectthebloodandtransportit backto theheart,via thegills andthreepairsof cardiac
ostia (McLaughlin,1983c;McGaw, 2005).

�brils; nopf, �ber of peduncularlobusopticus;nu,nucleus;pre,proximalretinalcell; rb, rhabdome;
re, distal retinal cell (principal pigmentcell); vit, vitreousbody. K, the stratigraphicrangesof the
extant crustaceans(excluding thosewith reducedor absenteyes)togetherwith the opticsused(in
bracketswherepresumed);thedottedlines indicatepossibleevolutionaryrelationships.[A-H, after
Nilsson,1990andGaten,1998;I, J, after Makarov, 1962;K, after Gaten,1998basedon Schram,

1982,Wägele,1989,andGlaessner, 1969.]

© 2012 Koninklijke Brill NV



274 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.26.Proventriculusof Clibanariustaeniatus. A, proventriculusandits ossicles,dorsal view;
B, same,ventralview; C, same,lateralview; D, lateralaccessoryteeth;E, lateral teeth;F, dorsal
tooth of gastric mill, ventral view; G, cardiopyloric region, dorsal view, showing ventrolateral
channelsleading to ampullae;H, cardiopyloric valve. Abbreviations A-C: aip, anterior inferior
pyloric ossicle;alcp, anterior lateralcardiacplate; ampr, ampullary roof ossicle;aocpv, anterior
ossicleof cardiopyloric valve; aplp, anteriorpleuropyloric ossicle;asa,anteriorsupra-ampullary
ossicle;dv, dorsalvalve; exp, exopyloric ossicle;iamp,inferior ampullaryossicle;ilc, inferolateral
cardiacossicle;locpv, lateralossicleof cardiopyloric valve;lv, lateralvalve;mc,mesocardiacossicle;
mplp, middle pleuropyloric ossicle;msa,middle supra-ampullaryossicle;oes,esophagus;oesv,
esophagealvalve; p, pyloric ossicle;pe, pectinealossicle;pip, posteriorinferior pyloric ossicle;
lpcp, posteriorlateralcardiacplate;pmp,posteriormesopyloric ossicle;pocpv, posteriorossicleof
cardiopyloric valve; pope,postpectinealossicle;pplp, posteriorpleuropyloric ossicle;pramp,pre-
ampullaryossicle;prp,propyloric ossicle;prpe,prepectinealossicle;psa,posteriorsupra-ampullary
ossicle;pt,pterocardiacossicle;sd,subdentaryossicle;uc,urocardiacossicle;up,uropyloric ossicle;
zc, zygocardiacossicle.Abbreviation F: uc, urocardiacossicle.Abbreviations G: ampuc,upper
chamberof ampulla;cpv, cardiopyloric valve; fp, �lter press;iar, interampullaryridge;med,median

channel;vlc, ventrolateralchannel.[A-H, afterKunze& Anderson,1979.]
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PAGUROIDEA

In hermitcrabs,theheart is locatedin theposterior-dorsalregionof thecephalothorax
under the carapace.The heart is surroundedby the pericardium, which extendsfrom
the cervical groove to the eighth thoracomereand blood �o ws from the gills into the
pericardiumand into the heartvia one anterodorsalpair and two lateral pairs of ostia
(�g. 70.24A,B). Eachostiumis providedwith asetof valvesthatpreventsthebloodfrom
�o wing backinto thepericardialsinusonsystole.

Emanatingfrom theheartanteriorlyarethreearteries,themedianoptic arteryandthe
pairedanteriorlateralarteries.A fr ontal heart (cor frontale) is formedin theoptic artery
anteriorlyfrom theheart.Thisstructurewas�rst describedby Baumann(1917)asaspecial
pulsatingstructureor an accessoryheart formedfrom enlargementof the blood vessel
[but seealsochapter9 in volume2 of thepresentseries].Theoptic arterypassesover the
dorsalsurfaceof the foregut andthenturnsventrally anddividesinto two branchesthat
provide blood to the anteriorcephalicareaand supraesophagealganglion.The anterior
lateralarteriesprovide branchesto theforegut andmusculature.Ventrally from theheart,
thesmall hepaticarteriesarelocated.In hermitcrabs,thispairof arteriesnolongersupplies
bloodto thehepatopancreas,whichnow liesalmostexclusively in thepleon,but terminate,
instead,on theforegutor midgut.

Fromtheposteriormargin of theheart,thesternalarteryandtheposterioraortaemerge;
theformeris antero-ventrallydirected,andthelatteris largeandposteriorlydirected.The
sternalarterypassesventrallyinto thesevenththoracomereandthenturnshorizontally. At
thelevel of the�fth thoracomere,it turnsventrallyagainandpiercesthecentralganglionic
massbetweenthe nerves ofthe secondandthird pereiopod.Beneaththe nerve cord, the
vesseldividesinto anteriorandposteriorbranches.Theformer, theventralthoracicartery,
providesbloodto thechelipeds,mouthparts,renalgland,andventralregionof theforegut;
the latter suppliesblood to the third through�fth pereiopods,but, in contrastto other
anomurans,it doesnotenterthepleon.

Fromtheposterioraorta,theventral aorticbranchis at the level of the �rst pleomere,
andthenit dividesfurther into the submuscularandsupramuscularbranchesat the level
of the third pleomere.The submuscularbranchpassesventrally alongthe ventralnerve
cordandterminatesin thesixth pleomere.Thesupramuscularbranchprovidesnumerous
branchesto thehepatopancreasandgonads,andterminateswith branchesto thetelsonand
uropods.

Recentwork on thehermitcrabcardiovascularsystemis speci�c to theterr estrial her-
mit crabs,Coenobitidae(cf. Greenaway, 2003)andhasrevealedin BirgusandCoenobita
(via intricatecorrosioncasting)a well-developedandcomplex network with highly vas-
cularizedbranchiostegallungs andpleonal lungs in additionto gills (Farrelly & Green-
away, 2005).

L ITHODOIDEA

Sophisticatedcorrosioncastingtechniqueswerealsorecentlyemployedby McGaw &
Duff (2008) to reveal the intricatecardiovascularsystemof the lithodid crabs,Lopholi-
thodesmandtii Brandt, 1848 and Lopholithodesforaminatus (Stimpson,1859). The
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systemis essentiallythe sameas that describedabove for decapodsand hermit crabs,
except that differencesoccur in the pleonbecauseof its shortenedandventrally folded
naturein lithodids. Also, the processof carcinization in the king crabsmeansthat the
cardiovascularmorphologyis very similar to that describedfor many brachyurancrabs,
but appearsto besimpler (McGaw & Duff, 2008).

Excretorysystem

A generaloverview of the decapodexcretory systemcan be found in Felgenhauer
(1992b).A varietyof tissuesandorganscontributeto metabolic wasteexcretion, but the
excretionin anomuransis mainly via theantennal glands, which ariseascoelomoducts
and remnantsof the coelom in the antennalsomite. It is composedof a mesodermal
coelomicsacculusandan ectodermalnephridial canaliculus. The proximal part of the
canaliculusis very rami�ed, forming the labyrinth (nephrostome), andthedistalpart is
broadenedto form acollector bladder (�g. 70.24D),outof which leadsanefferent duct,
lined with a chitinouscuticle terminatingin anopening(nephropore) on themesialside
of basalportionsof theantenna(McLaughlin,1980,1983c)(�gs. 70.17E,70.21C).

In hermit crabs,the anterior vesicular massis found in the cephalothorax,which is
connectedwith anastomosesto theantennalglands.Eachanastomosisisbroadenedto form
amassof rami�ed tubes,which in turn form theepigastric lobe. Fromthis lobe,anarrow
canalis extended,which leadsto anotherpairof massesof rami�ed tubes,theparagastric
lobes, situatedon the lateral sidesof the stomach.This pairedmassis connectedwith
a small supragastric lobe. Beneaththestomach,thesingle medioventral lobe is found,
whichby meansof ananteriorandposteriorbranchis connectedwith theparagastriclobes.
In hermitcrabs,a posterior vesicular massis alsofound.It consistsof a pair of rami�ed
tubesleadingoutof theparagastriclobes,extendingalongtheintestineto thepleon,where
they unite to form a single pleonal bladder (nephrosac) with thin walls thatextendsfor
approximatelythreequartersof thelengthof thepleon(McLaughlin,1980,1983c).

Several papersdealingspeci�cally with the excretorysystemof the highly modi�ed,
terrestrialcoconutcrab,Birgus latro (Linnaeus,1767) (cf. Greenaway & Morris, 1989;
Greenaway et al., 1990;Dillaman et al., 1999;Morris et al., 2000),arereviewed in the
paperon terrestrialadaptationsof theAnomuraby Greenaway (2003).

Genital apparatusand reproduction

AlthoughAnomuraaremorphologicallydiverse,the externalgenital apparatus gen-
erally consistsof small sphericalor oval gonoporeson theventralcoxal segmentof the
third pereiopod in females(�g. 70.9J)andtheÞfth pereiopod in males(�g. 70.5G),as
hasbeenuniversallydescribedfor thereptantDecapoda(cf. Felgenhauer, 1992a;Krol et
al., 1992),andin moredetail for Aegla (cf. Martin & Abele,1986,1988),Coenobita(cf.
Martin & Abele,1986;Tudge& Lemaitre,2006),Diogenes(cf. Manjón-Cabeza& Gar-
cia Raso,2000),Clibanarius(cf. Hess& Bauer, 2002),Galathea(cf. Kronenbergeret al.,
2004),andIsocheles(cf. Mantelattoet al., 2009a),andPagurus(cf. Scelzoet al., 2010).
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Variationsonthisbasicpatternhavebeendescribedfor intersex individualswhereusually
bothsetsof maleandfemalegonoporesarevisible externally, althoughtheinternalfunc-
tionality varies,with only rarecasesof actualhermaphroditism having beenreported.Re-
centpaperson intersex hermitcrabsincludeMcLaughlin& Lemaitre(1993),Turra(2004,
2005,2007),Gusev & Zabotin(2007),andFantucciet al. (2008),while Kronenbergeret
al. (2004)brie�y recordedinstancesof intersex individualsin Galathea(Galatheidae)from
theNorthSea.

Interestingly, somemaleanomuranshave oneor both gonoporesextendedastubular
structures,generally termed sexual tubes (Lemaitre & McLaughlin, 2003), some of
which can be very large and elaborate(�g. 70.15G-V).Somesort of sexual tubehas
beenrecordedin the aeglids (Martin & Abele, 1988) and hippids (Snodgrass,1952),
but detailedmorphologicalandultrastructuraldescriptionsareonly recentlyavailablefor
the hermit crabsMicropagurusacantholepis(Stimpson,1858) (Paguridae)(Lemaitre&
McLaughlin,2003;Tudge& Lemaitre,2004),andCoenobitaclypeatus(Herbst,1791)and
CoenobitaperlatusH. Milne Edwards,1837(Coenobitidae)(Tudge& Lemaitre,2006).
Theoccurrenceanddiversityappeargreatestin Paguridae(presentin someform in more
than60%of thegenera),but impressively largeandheavily calci�ed homologues(?)also
areapparentin the two genera,CoenobitaandBirgus, of the terrestrialCoenobitidae.In
the investigated taxa(above) the function of the sexual tubesasactive spermatophore
delivery structur es has been con�rmed for representatives in both families, but the
evolutionarysigni�cance andhistoryof thestructureswill probablyhaveto wait for better
familial andsuperfamilial phylogenies.

The internal morphology of the male and female reproductive system has been
describedand illustratedby Felgenhauer(1992b)and Krol et al. (1992), as a general
overview of Decapoda.

The male reproductive system in Anomuraconsistsof paired testes, eachleading
to an external gonopore on the �fth pereiopod(andany of its modi�cations mentioned
above) via a convolutedvas deferensandstraightergonoduct (�g. 70.24A).The entire
tubular systemcan be divided into discretefunctional regions (testis,collecting tubule,
proximal, medial,anddistal vasdeferens,andgonoduct)basedon externalappearance,
diameter, musculature,and glandularactivity, with differing numbersof further sub-
regions identi�ed in varioustaxa (Mouchet,1930,1931;Rathnavathy, 1941;Matthews,
1953, 1956a, b; Greenwood, 1972; Subramoniam,1984; Fingerman,1992; Manjón-
Cabeza& GarciaRaso,2000;Hess& Bauer, 2002;Kronenberger et al., 2004;Tirelli et
al., 2006).

A mostvoluminouspartof theliteratureonanomuranreproductionis in theareaof the
microstructureandultrastructureof malespermatophoresandcontainedspermatozoa.
The anomuranspermatophoreis the most complex of the decapodspermatophores
(Hinsch,1991a,b; Subramoniam,1991;Fingerman,1992;Krol etal.,1992)andis usually
describedasatripartite,stalkedstructur ewith afootorpedestal, astalk of variablewidth
and length,anda bivalved, terminal ampulla full of spermatozoa(Tudge,1991, 1997,
1999).With a few exceptions,e.g.,Aeglidae,Hippoidea,andpossiblytheLomisidaeand
someLithodoidea,all anomuranrepresentativesinvestigatedfor spermatophorestructure
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havethiscomplex stalkedmorphology, but with many having distinctive(phylogenetically
informative) familial or generictraits (Tudge,1991, 1999; Tudge& Jamieson,1996a,
b; Scelzoet al., 2004, 2010; Tirelli et al., 2008, 2010; Mantelattoet al., 2009a).To
date,themalespermatophoremorphologyis known (throughlight microscopy, scanning
or transmissionelectronmicroscopy) for 84 species,in 41 genera,from 12 of the 17
currentlyrecognizedanomuranfamilies(McLaughlinet al., 2007a).The� ve familiesfor
which the spermatophoremorphologyis currentlyun-documentedareBlepharipodidae,
Chirostylidae,Hapalogastridae,Kiwaidae,andPylojacquesidae.

The spermatozoashow similar diversity within Anomura (see �g. 4 in Tudge &
Scheltinga, 2002,for representatives of13 anomuranfamilies)but with someconsistent
characteristicsuites of traits (Tudge, 1997). Anomuranspermatozoavary from long,
pseudo-ßagellatecells with multiple armsformedinto a rope-like tail (the porcellanid
generaPisidia andAliaporcellana), throughdepressedovoid cellswith barelydiscernible
verticesfor arms (Pylochelesand Lomis), to the commonestform where an ovoid to
elongate, complexly zoned,acrosomevesicle sits superiorly on a meagercytoplasm
with usually three microtubular arms and a posteriornucleus (seethe hermit crabs
Birgus, Clibanarius, andPagurus). Threeimportantreview papersexhaustivelysummarize
and/orlist all thepreviousanomuranspermatozoalliteraturefrom theearly1900’s to the
present,in the context of reviewing the morediverseandlarger crustaceananddecapod
spermatozoalmorphology. Thesereview papersareJamieson(1991),Jamieson& Tudge
(2000),andmostrecentlyTudge(2009),thelattertwo beingchaptersin booksondecapod
reproductionandphylogeny, respectively. Whencollated,the spermatozoalmorphology
is currently known (at the LM, SEM, and TEM level) for 74 speciesin 39 genera,
representing14 of the 17 currentanomuranfamilies.The remaininganomuranfamilies
for which we have no dataon spermatozoalmorphologyareBlepharipodidae,Kiwaidae,
andPylojacquesidae.

Somepublicationsdealingexclusively with aspectsof female reproductive biology
in anomurans(seereview in Krol et al., 1992),a galatheid(Kronenberger et al., 2004),
and thenspeci�cally in hermit crabs,areavailableand includedescriptionsof ovaries,
oogenesis, and/oreggs(Subramaniam,1935;Carayon,1941;Kamalevani, 1949;Komm
& Hinsch,1987),eggÞxation to pleopods(Matthews, 1959),eggincubation (Torati &
Mantelatto,2008),andeggvolume andfecundity (Terossiet al., 2010).A review of the
literatureon femalelife history traits (including broodsize,egg diameter, andeclosion
date)for thefamiliesHapalogastridaeandLithodidaecanbefoundin Zaklan(2002).

Endocrinesystem

Decapodglandscanbedividedinto endocrineandexocrine. Theendocrinesystemis
furthersubdividedinto neuroendocrineglands(sinusglands, postcommissuralorgans,
and pericardial organs) and non-neural or epithelial endocrineglands (Y-organs,
mandibular organs, and androgenic glands). The exocrine glands include dermal
tegumental glands, antennal glands (usually treatedas part of the excretory system),
andmidgut glands(usuallytreatedaspartof thedigestivesystem)(Fingerman,1992).
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Hanström(1939)andKurup (1964)addressedthepresenceandstructureof thesinus
gland in Anomura, with the latter paper speci�cally on the porcellanid,Petrolisthes
cinctipes(Randall,1839). Similarly, the pericardial organ is describedin the hermit
crab,Pagurus bernhardus (Paguridae)by Alexandrowicz (1953) and the lithodid crab,
Paralithodesbrevipes(H. Milne Edwards& Lucas,1841)by Miyawaki (1955).

Theexistenceof theY-organ, which functionsin controllingaspectsof molting, is re-
portedin Diogenes, Clibanarius, andPaguristesin Diogenidae;PagurusandAnapagurus
in Paguridae;Galatheain Galatheidae;andPorcellanaandPisidia in Porcellanidae(cf.
Gabe,1953;Le Roux,1974,1982).TheY-organsaresituatedin themaxillary somitein
Pagurusandin themaxillularysomitein zoeaeof Clibanarius, Pagurus, andPisidia.

The existenceof the mandibular organs, which might well be involved in various
metabolicprocessesincluding thecontrollingof molting, reproduction,andprocessesof
developmentandmetamorphosis,is reportedin Clibanariusin Diogenidae;Pagurusand
Anapagurusin Paguridae;andPorcellanaandPisidia in Porcellanidae(cf. Le Roux,1968,
1974).Thisorganis locatedin thevicinity of theinsertionof themandibles,i.e.,neartheir
articulationwith thescleritesof thecephalothorax.

Theandrogenicglandsareonly foundin malemalacostracanswherethey areinvolved
in sexual differentiation(Fingerman,1992).Charniaux-Cotton(1955)namedthe“andro-
genicgland”in theanatomyof anamphipodand,in alaterpaperwith colleagues,described
theultrastructureof this organfrom thediogenidhermitcrabClibanariuserythropus(La-
treille, 1818)(seeCharniaux-Cottonetal., 1966).

Tegumental glands are scatteredthroughoutthe decapodcuticle and may be uni-,
tri-, or multi-cellular (Felgenhauer, 1992a;Fingerman,1992),the latter often referredto
as rosetteglands. Thesetypical tegumentalrosetteglandshave recentlybeenrecorded
in the baseof the �fth pereiopodof the land hermit crab genusCoenobita(cf. Tudge
& Lemaitre,2006) and scatteredalong the �fth pereiopodin speciesof the freshwater
anomurangenusAegla (cf. Almerãoet al., 2007).Anomurawerealsothe sourcefor the
recentlycharacterizedcrustaceanhyperglycaemichormone by Montagneet al. (2008).
It wasalsorecentlydiscoveredthat the neuroendocrinesystemis involved in regulating
saltandwaterbalancein theterrestrialhermitcrab,Birguslatro aswell asin theterrestrial
gecarcinidbrachyuran crabs(Morris, 2001).Theseterrestrialdecapodshave evolved a
�ltration and reabsorptionsystemthat is analogous,in many respects,to the vertebrate
kidney.

DEVELOPMENTAND LARVAE

Larval developmentin Anomurais metamorphic. A generalreview of eventswithin
theconstituentgroupsfollowshere.

PaguroideaandLithodoidea

The Þrst post-embryonic stage is a zoea(�g. 70.27A, E-H, J, K). The zoealstage
is followed by metamorphosis to a megalopa (�g. 70.27I, L), often referred to as
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Fig. 70.27.Larvae of Paguroideaand Lithodoidea:A, diagrammaticpagurid;B, C, Pagurus; D,
Lithodes; E-I, Pagurusconstans(Stimpson,1858);J-L, Paralomishystrix(De Haan,1846).A, �rst
stagezoea,lateral; B,posteriormargin of �fth pleomere,sixth somite,andtelsonof third stagezoea;
C, posteriormargin of �fth pleomereand telsonof �rst stagezoea;D, same;E-H, �rst through
fourth zoeas,dorsalandlateralviews; I, megalopa,same;J, �rst stagezoea,lateral;K, secondstage
zoea,same;L, megalopa,dorsal.Abbreviations:ana-sp,analspine;ano-h,anomuranhair; art-pro,
articulated process;endop-b,endopodbud; fu-pro,fusedprocess;fu pls-6tel, fusedsixthsomiteand
telson;plc-sp,posterolateralcarapacespine.[A-D, afterSandberg & McLaughlin,1998;E-I, after

Hong& Kim, 2002;J-L, afterKonishi& Taishaku,1994.]
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a glaucothoe. The number of zoeal stagesvaries among the taxa, with 2 to 7 in
CoenobitidaeandDiogenidae,4 to 6 in Parapaguridae,4 (rarely 3) in Paguridae,and2
to 5 in Lithodoidea(generally2 to 4 in Lithodidae;4 to 5 in Hapalogastridae;cf. Crain
& McLaughlin, 2000).The duration of the zoeal stageis also highly variableamong
thetaxa.For example,in Coenobitidae,Coenobitavariabilis McCulloch,1909undergoes
abbreviated development and reachesthe megalopastagein only six daysafter only
two non-feedingzoealstages(Harvey, 1992).On the otherhand,the zoeallife spanof
Coenobitascaevola(Forskål,1775)rangesfrom 54to 80dayswith sevenzoealstages(Al-
Aidaroos& Williamson,1989).Thelarval developmentof thecoconutcrab,Birguslatro
(alsoin Coenobitidae);was�rst describedby Reese& Kinzie (1968),waslaterreviewed
by Schilleretal. (1991)in theirchapteronreproduction,earlylife history, andrecruitment;
andthenlateragain for bothBirgusandCoenobitain thepaperon terrestrialadaptations
in Anomuraby Greenaway (2003).

In the zoealstagesof Coenobitidae,the carapaceis smoothlyroundedandprovided
with a narrow, dagger-like rostrumbut no posterolateralspine nor pterygostomialspine.
However, in Diogenidae,pterygostomialspines(Paguristes) or submarginal posterior
spines(Calcinus) dooccur. In Parapaguridae,thecarapaceis equippedwith adorsalcarina,
anelongaterostrum,andnoposterolateralspine,butwith orwithoutpterygostomialspines.
In Paguridae,thecarapaceis smoothlyrounded,with or without the dorsalcarinaor spine,
andprovidedwith anarrow rostrumandusuallyaposterolateralspine.

In mostspecies,� vepleomeresaredifferentiatedin the�rst zoealstage,andsix in either
thesecondor third zoealstage(�g. 70.27A-D).Noneof theendopodsof thepereiopods
becomefunctional in the zoeal stage.In the �rst zoeal stage,functional exopodsare
con�ned to the �rst andsecondmaxillipeds,andeachexopodendsin four setae.More
setaearealwaysaddedat thesecondzoealmolt andsubsequentmolts.In thesecondzoeal
stage,a furtherpairof exopods(on thethird maxillipeds)usuallybecomesfunctional.The
endopodof thethird maxillipedin thezoealstagesarisesfrom thesideof thebasis,usually
in theproximalhalf, while theexopodarisesterminally.

Abbreviated development wasreportedin somespeciesincluding Calcinussp. (cf.
Caladoet al., 2006) and Cancellus(cf. Mayo, 1973), in which the larvae hatchat the
megalopastage.Caladoet al. (2006)reportedin anundescribedspeciesof Calcinusfrom
shallow waterin Portugal, that23 observedspecimensof ovigerousfemaleshadonly one
to six very large eggs inside the gastropodshell, that one femalewas recordedwith a
singlemegalopainsidethegastropodshell,andsix femaleshad oneor two fully-developed
juvenilesassociatedwith themin theirshells.This is aninterestingexampleof broodcare
in hermitcrabs.

GalatheoideaandChirostyloidea

A variable number of zoealstagesis usually followed by a single megalopastage
followedby theÞrst juvenilestage. Thenumberof zoealstagesvariesbetweentaxa.Two
to � ve zoealstagesprecedethe megalopain Porcellanidae.Four or � ve zoealstagesare
usuallypresentin GalatheidaeandMunididae(cf. Fujita & Shokita,2005,andreferences

© 2012 Koninklijke Brill NV



282 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

therein),andat leastsomespeciesof Munidopsis(Munidopsidae)undergo abbreviated
development. For instance,Munidopsisserricornis(Loven,1852)hasthreezoealstages
of whichthethird stageis theequivalentof thefourthzoeaof othergalatheids(Samuelsen,
1972;asMunidopsistridentatusOrtmann,1892).MunidopsispolymorphaKoelbel,1892
hasonly two zoealstagesfolloweddirectly by a crabstageratherthana megalopa(Gore,
1979;Wilkensetal., 1990).

Full larval developmenthasnot beenstudiedin Chirostyloidea,thoughthenumberof
zoealstagesis believedto vary. In thechirostylids,thegeneraUroptychus, Gastroptychus,
and Chirostylus, appearto have abbreviated development,with the �rst zoeahatching
at a stageresemblingfourth or �fth stagegalatheids(Pike & Wear, 1969;Clark & Ng,
2008). Additionally, Clark & Ng (2008) observed that the �rst zoeaof Chirostylusis
lecithotrophic, a featureassociatedwith abbreviated development.In contrast,larval
developmentin Eumunididae,exempli�ed by Eumunidaannulosade Saint Laurent&
Macpherson,1990andEumunidacapillatadeSaintLaurent& Macpherson,1990,donot
show abbreviateddevelopment,with the�rst zoeaequivalentto the�rst zoeaof galatheids
(Gueraoet al., 2006). Moreover, Gueraoet al. (2006) foundthat in many respects,
Eumunidalarvaearetypically pagurid,having two terminalplumosesetaeontheantennal
endopod,a three-segmentedendopodon themaxillule,absenceof posterolateralcarapace
spines,anda scaphognathitewith 5 plumosesetaeandwithout a posteriorlobe.Clark &
Ng (2008)alsoobserved the absenceof posterolateralspineson the carapacefor larval
Chirostylus, questioningtheoriginal galatheoidplacementof Chirostylidae.Theselarval
anomalies,aligningchirostylidswith paguroidsinsteadof galatheids,areconsistentwith
spermatozoalmorphology(Tudge,1997)andrecentphyogeneticanalysesthat similarly
suggestpolyphyly amongthemajorsquatlobsterclades,andmorespeci�cally, involving
a closerelationshipbetweenchirostyloidsandpaguroids(Ahyonget al., 2009;Chuet al.,
2009).Nothingis currentlyknown of developmentin kiwaids.

Aegloidea

Signi�cantly abbreviateddevelopmentis also found in aeglids from SouthAmerica.
Developmentis dir ect, from large yolky eggs, thereareno free-swimminglarval forms
anda juvenile, resemblingtheadult,hatchesdirectly from theegg (Bond-Buckupet al.,
1996,1999;Bueno& Bond-Buckup,1996;Lizardo-Daudt& Bond-Buckup,2003;Bueno
etal., 2000).

Hippoidea

Larval developmentwasstudiedin severalspeciesof hippidsfrom thegeneraEmerita
andHippa (cf. Johnson& Lewis, 1942;Rees,1959;Knight, 1966;Kato& Suzuki,1992),
andin albuneidsandblepharipodids(Knight, 1970;Sandifer& vanEngle,1972;Stuck&
Truesdale,1986;Seridji, 1988;Konishi,1987).The �rst post-embryonicstageis a zoea,
andit bearsaremarkable,but super�cial, resemblanceto larvaeof brachyurancrabsin that
thecarapaceis sphericalandthelateralandrostralspinesaredistinctlyde�ectedventrally
(�g. 70.28A-E, G). This is consistentwith many phylogeneticanalysesof Decapoda,
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Fig. 70.28.Larvae of Hippoidea:A-F, Hippa truncatifrons; G, H, Lepidopabenedicti. A-E, �rst
through�fth stagezoeas,lateral;F, megalopa,dorsal;G, �rst stagezoea,lateral;H, megalopa,dorsal.

[A-F, afterKato& Suzuki,1992;G, H,afterStuck& Truesdale,1986.]

�nding hippoidsto be basalin Anomura,which is itself sister to Brachyura (Ahyong &
O’Meally, 2004;Tsangetal.,2008;Ahyongetal.,2009;Chuetal.,2009).Thezoeal stage
is followedby metamorphosisto a megalopa(�g. 70.28F, H). Thenumberandduration
of thezoealstagesis variable.For example,thereare7 stagesin 23-33(average28) days
in Emeritatalpoida(Say, 1817)(seeRees,1989),6 stagesin 52daysin Emeritaholthuisi
Sankolli, 1965(seeSiddiqi,2006),5 stagesin about60daysin Hippatruncatifrons(Miers,
1878) (seeKato & Suzuki, 1992), and 4 stagesin 14-17 days in Lepidopabenedicti
Schmitt,1935(seeStuck& Truesdale,1986).
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ECOLOGYAND ETHOLOGY

Ecologicaldistribution

PAGUROIDEA

Hermitcrabsaremostlyaquatic andoccurin all of theworld’soceansatdepthsranging
fr om intertidal zonesand the continentalshelf to deep-seabottoms. In temperateto
borealwaters,variousspeciesof Pagurusarefoundin intertidalandshallow waterzones,
andElassochirus, Labidochirus, andlithodidsareseenfrom shallow watersto continental
slopes.Seasonalmigration is known in severalspecies;Pagurus minutusHess,1865and
DiogenesnitidimanusTerao,1913migrateoffshorein winter andsummer, respectively,
for reproduction.

In tropicalwaters,coralreefsareinhabitedmainlyby speciesof Calcinus, Clibanarius,
and Dardanus. In mangrove swamps,speciesof Clibanarius are often found, someof
whichareknown to adaptto dilutedseawater. Only onespecieshasbeenknown to inhabit
a truly freshwaterenvironment,Clibanariusfonticola, from Vanuatuin theSouthPaci�c
(McLaughlin & Murray, 1990).The land hermit crabsof the genusCoenobitaand the
coconutcrab Birgus live an essentiallyterr estrial life, except for reproductive periods
whenthey releasezoeaeinto thesea.

Speciesof Parapaguridaearedeepwater inhabitants,rangingfrom depthsof 55 m to
5000m, but mainlyoccurat200-3000m (Lemaitre,1989).

L ITHODOIDEA

Informationconcerningtheecologicaldistribution of this superfamily canbefoundin
theBiogeography section(p. 300ff .).

GALATHEOIDEA AND CHIROSTYLOIDEA

Galatheoidsandchirostyloidsaremarine (or anchialine asin thecaseof Munidopsis
polymorpha), andliveonhardor coarsesubstratesfrom theintertidalzoneto about5000m
depth(Baba,2005).Porcellanidsaremostabundantanddiverseon shallow tropical reefs
down to depthsof about100 m. They live in crevicesunderrocks,amongstcoral, and
Neopetrolisthesspeciesarecommensalwith seaanemones.Somesquat lobsterslive in
shallow, nearshore,andcoral reef waters,as in the majority of speciesof Galathea, or
aresometimespelagic,e.g.,Munidagregaria (Fabricius,1793),but mostgalatheoidsand
chirostyloidsare most specioseand abundantat continentalshelf and slopedepths.In
general,deepwater galatheoidsoccur on all typesof substrate,whetherdeepwater reef
or soft muddyhabitats.Some,suchasMunidopsisserricornis in the North Altantic are
stronglyassociatedwith soft coral(Samuelsen,1972),but mostgalatheoidsdo not appear
to form strongassociations. Chirostyloids,on the otherhand,areoften associatedwith
deepwatercorals,especiallyantipatharians,alcyonaceans,andgorgonaceans(Babaet al.,
2008;Kilgour & Shirley, 2008;Le Guilloux et al., 2010).At present,kiwaidsareknown
only from hydrothermal ventsin thesoutheasternPaci�c (Babaetal., 2008).
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HIPPOIDEA

Speciesof Hippidaeinhabitthesurfzoneor shallow subtidalzonesof thetemperateand
tropicalsandybeachesof theworld. Similarly, the albuneidandblepharipodidspecieslive
buriedin sandysedimentsfrom thelow intertidalto offshorein thetemperateandtropical
watersworld-wide.

AEGLOIDEA AND LOMISOIDEA

Informationof theecologicaldistribution of theseendemicsuperfamiliescanbefound
in theBiogeography section(p. 300ff .).

Shell andotherobjectuse

Hermit crabs are known to carry vacant gastropod shells or other material as
portable shelters. Membersof Pylochelidae,having a symmetricalpleon,aretusk-shell
inhabitants,or maybexylicolous or petricolous (�g. 70.29G,H). Speciesof Diogenidae,
Paguridae,andCoenobitidae,most frequentlyutilize gastropodshellsthat aredextrally
coiled (�g. 70.29A, B, D, E), but exceptionsare also known to use bivalve shells
(�g. 70.29C),polychaeteworm tubes,bryozoanskeleton tubes,vermetid shell tubes,
cavities in corals, piecesof wood or bamboo(�g. 70.29I, J), and sponges.Striking
symbiotic relationshipsareknown betweenmany speciesof Parapaguridaeandcolonies
of anthozoans,especiallyzoanthids,asportableshelters(�g. 70.29F).

Symbioticassociation

Many examplesof symbiotic associationsbetweenanomurans(principally hermit
crabs)andotherinvertebratesareknown. Accordingto thecomprehensive worldwidere-
view by Williams & McDermott(2004),they canbeecologicallydividedinto: (1) species
found on the shells occupiedby hermit crabs(epibiotic species),e.g., cnidarians,bry-
ozoans,andsponges;(2) speciesboring into theseshells (endolithicspecies),e.g.,poly-
chaetes,small arthropods,sponges,andbryozoans;(3) speciesliving within thelumenof
the shell (either free-living or attachedto the shell), e.g.,small crustaceans,�atw orms,
andpolychaetes;or (4) speciesattachedto the hermit crabsthemselves,andhypersym-
bionts(�g. 70.30A-C).In total,over550invertebratesfrom 16 phyla areknown associates
of over 180 speciesof hermit crab. Of these,114 appearto be obligate commensalsof
hermit crabs,215 are facultative commensals, and232 are incidental associates. The
taxaexhibiting thehighestnumberof associatesarearthropods(126),polychaetes(105),
andcnidarians(100).Several lithodids(Lithodes, Lopholithodes, Neolithodes, Paralomis,
Paralithodes) areknown ashoststo snail�sh (Liparidae:Careproctusspp.),whichusethe
crabs’spiny exterior asmobile shelter, andthe branchialchamberto incubatetheir eggs
(Yau et al., 2000;Batson,2003).The lithodid-Careproctusassociationis possiblybetter
regardedasparasiticratherthancommensal,becausethehost-crabexperiencessomecom-
pressionor localizedgill necrosis(Love& Shirley, 1993;Somerton& Donaldson,1998).
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Fig. 70.29.Shellandotherobjectuseof hermitcrabs.A, Pylopaguropsisfuruseiin normaldextral
gastropodshell;B, Clibanariuseurysternus(Hilgendorf,1879)in cypraeidshell; C,Porcellanopagu-
rus tridentatusWhitelegge,1900bearingbivalve shell;D, Ciliopagurusstrigatus(Herbst,1804)in
conid shell; E, CoenobitapurpureusStimpson,1858 in land snail shell; F, “pseudoshell”(colony
of thehydroid Hydractinia sodalisStimpson,1858)usedby Pagurusconstans; G, Bathychelesin-
cisus(Forest,1987)in bamboo;H, Parapylochelesscorpio(Alcock, 1894)in corn; I, Xylopagurus
caledonicusForest,1997 in wood; J, same,telson.[Photos:A, B, by Koji Furuse;C-J, by Akira

Asakura.]

Parasites

Two major taxonomicgroupsof parasites on speciesof Anomuraare well known;
Bopyridae (Isopoda)(�g. 70.31C-G)and Rhizocephala(Cirripedia) (�g. 70.31A, B).

Fig. 70.30. Communitiesof hermit crab associates[after Williams & McDermott, 2004]. A,
symbiontsassociatedwith the gastropodshell, Aporrhais sp., inhabited by Paguristes eremita
(Linnaeus,1767)andPaguruscuanensisBell, 1845,scales= 2 mm [modi�ed from Stachowitsch,

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 287

1980,�g. 2]; B, symbiontsassociatedwith shellsinhabitedby Pagurusbernhardus[modi�ed from
Jensen& Bender, 1973,�g. 3]; C, symbiontsassociatedwith Paguruslongicarpus: centerof �gure
shows shell of Ilyanassaobsoleta(Say, 1822)inhabitedby Paguruslongicarpus; verticalscaleson
left of associates= 0.5mm,verticalscalesto right of associates= 5 mm;horizontalscalefor center
�gure = 2.5mm[inset�gures modi�ed from: Pettibone,1963,�g. 3A; Blake,1971,�g. 11a;Baluk
& Radwan’ski, 1991,�g. 8A; Weiss,1995,�gs. 7.01C,D, 4.06A,6.05B;Williams & Radashevsky,

1999,�g. 1A].
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Bopyridae is known to contain over 500 describedspecies,all of which are obligate
parasitesof decapodcrustaceans,andmorethan185speciesamongtheminfestpaguroids,
galatheoids,and chirostyloids.Speciesin the subfamily Pseudioninaeare found in the
branchialchamber, while speciesin the subfamily Athelginaeare foundattachedto the
dorsalfaceof thepleon.

Speciesof Peltogastridaein Rhizocephalaareparasiticin hermitandking crabs(Lörz
et al., 2008). The body of this parasiteconsistsof a network of thr eads penetrating
the body, andonly the externa (the reproductive organ of adult females)is recognized
externally, attachedto the pleon. BriarosaccuscallosusBoschma,1930 is a common
rhizocephalanparasiteof lithodids.The rhizocephalanitself is alsoknown to sometimes
beparasitizedby cryptoniscidisopods(Watters,1998).

Epizoonts of aeglids include �atworms (Temnocephalasp.), the ‘anchor worm’, a
parasiticcopepod(Lernaea), andthepolychaeteworm,Stratiodrilus sp.(cf. Dioni, 1972;
Viozzi etal.,2005).WhethertemnocephalansandStratiodrilusaretruly parasiticonAegla
remainsto bedetermined.

Predators

Known predatorsonhermitcrabsincludebirdsandsmallmammalsin caseof landand
intertidalhermit crabspecies,and�sh, octopus,andbrachyurancrabsin marinespecies.
Lithodids, especiallyas juveniles,may be prey to demersal�sh (Ahyong & Dawson,
2006),as are galatheoids.When swarming,galatheoids,such as Munida gregaria, can
beasigni�cant prey item for pelagic�sh, whales,andseabirds(Zeldis,1985;Schnabel&
Connell,2007).

Ethology

Hermit crabshave a very complex behavioral repertoire,including elaborateshell
investigationbehaviors to assessshellquality, andsocialbehavior. Thesocialbehavior ,
de�ned asbehavior seenamongindividuals,is divisible into ritualized agonisticdisplay
or direct aggressive behavior when two individuals are encountered,shell Þghting
behavior , male-maleÞghting for maturefemales,pre-copulatoryguarding of a mature
femaleby amale,andelaboratebehavioral interactionbeforeandaftercopulation. These
socialbehaviorsareshown in �g. 70.32A-Q,andde�ned in tableI.

ECONOMICIMPORTANCE

Unlike the brachyurans,chelateand achelatelobsters,and carideanand penaeoid
shrimps,thereare very few of the heterogeneousanomurantaxa that are of signi�cant

Fig. 70.31.Parasitesof hermit crabs.A, Peltogastersp. (Rhizocephala,Kentrogonida)on Pagurus
�lholi (De Man, 1887);B, Peltogasterella sp.(Rhizocephala,Kentrogonida)on Pagurus�lholi ; C,
AthelgestakanoshimensisIshii, 1914(Isopoda,Bopyridae)on Pagurus�lholi ; D, same,femaleat-
tachedby smallmaleposterolaterally, dorsal;E, Clibanariusvirescensparasitizedby Asymmetrione
asymmetrica(Shiino,1933)(Isopoda,Bopyridae);F, femaleof Asymmetrioneasymmetricaattached

by smallmaleposteriorly, dorsal;G, same,ventral.[Photosby Akira Asakura.]
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Fig. 70.32.Hermit crabbehavior. A-E, shell �ghting anddefensive behavior: A-C, Pagurus�lholi ;
D, E, Pagurus gracilipes (Stimpson,1858).A, B, position of shell �ghting; C, rocking behavior
during shell �ghting; D, spasmodicshaking; E, cheliped�icking; a, attacker; b, defender. F-G,
directaggressive behavior: F, thrusting,Pagurus�lholi ; G, chelipedmatch,Pagurusgracilipes. H-
M, agonisticdisplay:H, chelipedpresentation;I, chelipedextension;J,same,double;K, ambulatory
raise(secondpereiopod);L, ambulatory raise(third pereiopod);M, doubleambulatory raise.N-
Q, precopulatoryguardingand copulation:N1-N3, Q, Pagurus �lholi ; O, Pagurus gracilipes; P,
Clibanariusvirescens; m, male; f, female;N1, O, P, basicpositionof precopulatoryguarding;N2,
malegentlymoving shellof femalebackandforthwith hisminor chelipedaroundaxisperpendicular
to planeof femaleshell aperture;N3, malerockingshell of femaleusingchelipedsandambulatory

legs;Q, positionsof copulation.[All illustrationsfrom Imazu& Asakura,2006.]

economicimportance. Exceptionsarethelithodid or stonecrabs (Lithodidae),theIndo-
WestPaci�c coconutcrab, Birguslatro (Coenobitidae),andto a lesserextent,thesquat
lobster Cervimunidajohni Porter, 1903(Munididae),which is frequentlysold in Chilean
�sh marketsas‘langostinoarmaillo’.
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TABLE I
Behavioral terminologyusedin this chapter[afterHazlett,1966,with slight modi�cations]

AGONISTIC DISPLAY

Cheliped presentation: crab moves its larger chelipedforward until dactyl perpendicularto
substratum(�g. 70.25H)

Cheliped extension: crab moves its chelipedsforward until dactyls parallel to substratum
(�g. 70.25I,J)

Ambulatory raise: crabmovesusuallyone,oroccasionallytwo to four, ambulatoryleg(s)rapidly
away from bodyandholdsthatpositionfor ashort time (�g. 70.25K-M)

DIRECT AGGRESSIVEBEHAVIOR

Thrusting: attacker aggressively insertsits majorchelipedinto undersideof shell of opponent,
quickly movesupward,andthrustsopponentoff (�g. 70.25F)

Pushing: crabaggressively pushesopponentby cheliped(s)and/orone,or occasionallytwo to
four, ambulatoryleg(s)

Cheliped match: when two crabsencounter, eachpushesthe otherwith dorsalfaceof larger
chelipedin chelipedpresentationposition(�g. 70.25G)

ESCAPEOR DEFENSIVE BEHAVIOR

Jumping: crablifts its body bylargerchelipedusingleverprincipleandjumpsquickly backward
Dislodging shaking: whencrawled upon byanother, crabrapidly movesup anddown and/or

sideto sideto causetheotherto fall off
Cheliped ßicking: defender�icks its chelain withdrawing position(�g. 70.25E)

SHELL FIGHTING BEHAVIOR

Rapping: attackerbringsits shellforward,intocontactwith defender’s shell throughamovement
of abdomen,in which this physicalstriking producesa clearlyaudibleclick (�g. 70.25A,
B); attacker strikesshell severaltimes,thenrestsshortly, andthenrepeatsaction

Spasmodicshaking: attacker rapidly shakes defender’s shell back and forth along horizontal
plane(�g. 70.25D)

Rocking: attackerrocksdefender’s shell backandforthusingbothchelipedsandambulatorylegs
(�g. 70.25C)

Rotating: attacker revolvesdefender’s shell through360� betweenseriesof rapping,by move-
mentsof chelipedsandambulatorylegs

Paguroidea

The coconutor robbercrab,Birguslatro, is the largestland crab(growing to 4 kg or
nearly9 pounds)andis the mosthighly terrestrializeddecapod(Greenaway, 2003).It is
distributedonoceanicislands(primarily restrictedto islandswith few predators)andsmall
offshoreisletsadjacentto largecontinentalislandsacrossabroadgeographicalrangein the
tropicalIndo-Paci�c region,with reportsstretchingfrom theAldabrasIslandsin theIndian
Oceanto the Pitcairn group and EasterIsland in the Paci�c Ocean.They are excellent
eatingandhavebeenpartof theindigenousdiet in theirnaturalrangesfor a longtime.The
crabsarecooked like other large decapodcrustaceansby boiling or steamingandoften
sold as a luxury food item. Recently, economicpressurehasincreasedthe exploitation
of this species(in somecasesleadingto localizedextirpation)andinvestigationsof their
ÒfarmingÓpotential have beenmade(seeBrown & Fielder, 1991,andpaperstherein).
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There have also beenconservation managementstrategies effected in someregions,
suchasminimum legal sizelimit restrictionsin GuamandVanuatu,andthe captureof
ovigerousfemaleshasbeenbannedin GuamandtheFederatedStatesof Micronesia.

Lithodoidea

Thereare very signiÞcantÞsheriesfor variouslithodid speciesin polarandsub-polar
watersin both the northernandsouthernhemispheres,with the northernPaci�c andthe
southernPaci�c andsouthernAtlantic oceansbeingfocal points.Zaklan(2002,table8)
providedasummaryof worldwidelithodid �sheries,with respective references,andmore
recentlyOtto (2006)andOtto& MacIntosh(2006)gavesuchoverviews.

Commercial�sheries for lithodid crabsarealmostentirely madeup from landingsof
threegenera:Paralithodes, Lithodes, andParalomis. Lithodid crab�sheriesbeganbefore
1900in JapanandspreadacrossthenorthernPaci�c Oceanby 1940.Fisheriestargetedred
king crab, Paralithodescamtschaticus(Tilesius,1815),with lesseramountsof blue king
crab, Paralithodesplatypus(Brandt,1850)andbrown king crab, Paralithodesbrevipes.
Paralithodesspp.,especiallyred king crabs,have always dominatedlithodid �sheries.
Golden king crab, LithodesaequispinusBenedict,1895,becameimportantin northern
Paci�c Oceanwatersafter major declinesin red king crab �sheries in the early 1980’s.
Southern king crabs, Lithodessantolla (Molina, 1782), are �shed in southernSouth
Americaalongwith softshellredcrab, Paralomisgranulosa(Jacquinot,1847).These� ve
speciesaccountedfor morethan89%of lithodid landingsfor 1984-2003.World lithodid
landingspeakedat 150 100metric tons in 1966(�g. 70.33A) after developmentin pre-
World War II Asia andrapidpost-1950expansionin AlaskaandAsia.Theworld lithodid
landingsfell to 60540 tons in 1973 but reboundedto 104 970tons in 1980, owing to
abundanteasternBeringSearedking crabstocks.EasternBeringSeaandGulf of Alaska
redking crabstockssooncollapsed,andlandingsfell to a low of 40920tonsin 1983.The
world lithodid landingsreached81390tonsin 1997with increasedRussianlandings,but
have declinedsharplyto only 32610 tons.In the 1960’s, Russianscientistssuccessfully
introducedredking crabsto thenorthernAtlantic Oceanandresultant�sheries currently
provide 9% of world lithodid landings.Elsewhere,landingsof Paralithodesspp. trend
downward,while otherlithodid speciesarestableor increasing(�g. 70.33B).

Until 1975,almostall worldwide lithodid landingswere taken in tangle nets. Now
virtually all landingsare taken with pots or traps. Potsare consideredlessdestructive
to untargetedportions of the catch such as femalesor juveniles.Other conservation
measuresusuallyincludealegalminimum size, aprohibitionagainstharvestingfemales,
seasonalclosures, andcatchquota. Enforcementof conservationmeasuresvarieswidely
amongcountriesand�sheries.

Galatheoidea

To date,porcellanidsandchirostyloidshave not beencommerciallyexploited to any
greatextent,exceptoccasionallyfor theornamental aquarium trade, e.g.,theanemone
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Fig. 70.33.Indicatorsof economicimportanceof variousanomurans.A, world commerciallandings
of Paralithodesspp. basedon FAO statisticaldataadjustedfor the speciescompositionof king
crab landingsfrom Alaskawaters;B, world commerciallandingsof Lithodesspp.andParalomis
granulosabasedon FAO statisticaldataadjustedfor thespeciescompositionof king crablandings

from Alaskawaters.[A, B, from Otto, 2006.]

crabs,Neopetrolisthesspp.In contrast,galatheidsarecommerciallyharvested,chie�y as
tailmeatfor humanconsumptionandasmealfor �sh andpoultry feed(Aurioles-Gamboa
& Balart,1995;Lovrich et al., 1998;Tapella& Lovrich, 2006;Vinuesa,2007).Pleuron-
codesmonodon(H. Milne Edwards,1837)andCervimunidajohni arecommercially�shed
off Chile, with landingspeakingataround50000tonsin 1977,thereafterfalling to around
8000tonsannuallyfollowing over-Þshing(Roa& Bahamonde,1993).Elsewhere,�sh-
erieshave beenunsuccessfullyexploredfor PleuroncodesplanipesStimpson,1860(off
the Paci�c coastof Mexico: Aurioles-Gamboa& Balart, 1995),Munida quadrispinosa
Benedict,1902(Paci�c coastof North America:Burd & Jamieson,1988),andMunida
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gregaria (New Zealand:Zeldis,1985,1989).Oneor moreof theaforementionedspecies
have also beenexplored as a sourceof amino- and fatty acidsfor humandietary sup-
plements;as a sourceof proteasesuseful in cheesemanufacture;and even as a source
of pigmentfor enhancementof farmedsalmonidsandpoultry (Burd & Jamieson,1988;
Zeldis,1989;Kashkina& Kashkin,1993;García-Carreño& Hernández-Cortés,1995).

PHYLOGENYAND BIOGEOGRAPHY

Phylogeny

HISTORY AND MORPHOLOGICAL ANALYSES

Therelationshipsamongthediversefamiliesin Anomura,andamongrepresentatives
within families,have now beenthe subjectof many investigationsat the morphological
and molecular level (Ahyong et al., 2009; Lemaitre & McLaughlin, 2009). Most of
the literature prior to 1997 dealing with the evolutionary history of Anomura and
variousconstituentfamiliesis adequatelyreviewedin themorphologicalpapersof Richter
& Scholtz (1994), Scholtz & Richter (1995), McLaughlin & Lemaitre(1997), Tudge
(1997),andLemaitre& McLaughlin(2009).Of notearethephylogeneticanalysesof the
constituentfamiliesof Anomurausingadultandlarval somaticmorphology(MacDonald
etal., 1957;McLaughlin,1983b;Martin & Abele,1986).

MacDonaldet al. (1957) producedan intuiti ve evolutionary schemefor the rela-
tionshipsof the hermit crabsandallies basedon larval charactersaloneanddivided the
seven familiesinto two groupswith separateevolutionaryhistoriesfrom commonances-
tral anomuranstock.The two groups(superfamilies)wereCoenobitoidea(Coenobitidae,
Diogenidae,Lomisidae,and Pylochelidae)and Paguroidea(Lithodidae,Paguridae,and
Parapaguridae).McLaughlin (1983b)producedthe �rst cladistic analysis of Anomura
with 30 morphologicalcharactersmappedontoher resultantcladogram. Sheabandoned
Coenobitoideaand reunitedsix anomuranfamilies underthe monophyletic Paguroidea
(Coenobitidae,Diogenidae,Lithodidae,Paguridae,Parapaguridae,andPylochelidae)and
included representatives of Hippoidea,Lomisoidea(as Lomoidea),and Galatheoidea.
McLaughlin’s(1983b)analysiswassoonfollowedbyanotherphylogeneticanalysisof the
Anomurafrom Martin & Abele(1986),who analyzed,while investigating theplacement
of the enigmaticfreshwateraeglids from SouthAmerica, the 13 anomuranfamilies (in
four superfamilies)using54morphologicalcharacters.They foundtheaeglids to beprim-
itive galatheoids,that the lithodids groupedwith Lomisratherthanthe otherpaguroids,
andalsothatAnomurawasindeedmonophyletic.As with McLaughlin’sstudy, they found
no supportfor the two independenthermit crab lineagesof MacDonaldandcolleagues
(MacDonaldetal., 1957).

The year 1997 saw two papersdealingwith anomuran phylogeny (McLaughlin &
Lemaitre,1997; Tudge,1997), but eachdealt with a different morphological dataset.
McLaughlin & Lemaitre(1997) usedadult morphology to investigate the processof
carcinization(obtaininga crab-like form) within Anomura,in direct responseto Cun-
ninghamet al. (1992)who proposedthat the symmetricalking crabswerederived from
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within the asymmetricalhermit crabancestors.McLaughlin & Lemaitre’s (1997)clado-
gram(basedon 59taxaand37characters)clearlyseparatestheasymmetricalhermitcrabs
(Coenobitidae,Diogenidae,Paguridae,andParapaguridae)from the lithodoids(Lithodi-
daeandHapalogastridae)assisterclades.Thesymmetricalhermitcrabs,Pylochelidae,are
sisterto theremaininganomurans.Tudge(1997),on theotherhand,useda novel dataset
of spermatozoalcharacters to infer anomuranphylogeneticrelationships.His “sperm
tree” hadrepresentatives ofnineanomuranfamilieswith someout-groupdecapodsfrom
Thalassinidea,Astacidea,andBrachyura(amongothers)and,apartfrom somebasalincon-
sistency associatedwith incompletemorphologicaldata(ThalassinaandLomis), basically
producedamonophyletic Anomurawith mostconstituentfamiliesmonophyletic, too.

Morphology-basedphylogeniesof Anomura publishedsince 1997 include Schram
(2001),Dixon etal. (2003),andAhyong& O’Meally (2004),thesethreewithin thecontext
of broaderdecapodphylogeny; andMcLaughlinet al. (2007a).Schram(2001)reviewed
thestatusof decapodphylogeneticsto dateandbrie�y coveredtheprincipalpapersdealing
with Anomura(outlinedabove).Dixon etal. (2003)analyzeddecapodphylogeny basedon
externalmorphologyof 60 taxaincluding 14 anomuranrepresentativesfrom 13 families
and6 superfamilies.Themain�ndings were:Aegla (Aegloidea)is outsideof Galatheoidea
andbasalto theanomurans;HippoideaandLithodoideaaresistertaxa(in someanalyses);
Paguroideais monophyletic andsisterto Lomis(Lomisoidea);andAnomura(asAnomala)
andBrachyuraarereciprocallymonophyletic sisterclades,forming theMeiura cladeof
Richter& Scholtz(1995).Ahyong & O’Meally (2004)built on the Dixon et al. (2003)
dataset,andanalyzedthedecapodphylogeny in combinationwith molecular sequences
from threegenesfor all the reptantDecapoda.The 13 representative anomurangenera
(eachrepresentingonefamily) wereanalyzedusing105 morphologicalcharacters:both
alone and in combinationwith the moleculardata. As expected,with respectto the
positionsof Anomuraand Brachyura, the morphological cladogram is similar to that
of Dixon et al. (2003),with a monophyletic Meiura,Hippoidea,andPaguroidea,but with
bothLithodoideaandLomisbasalto thepaguroids,anda polyphyletic Galatheoidea.The
combinedanalysismaintainedsomeof theserelationshipsexceptgalatheoidsarereturned
to monophyly (minusAegla, whichgroupswith Lomis) andpolyphyletic Paguroideawith
lithodoidssisterto Pagurus, andPylochelessisterto thegalatheoids.

With all of this renewedinterestin decapodandanomuranphylogeny, McLaughlinand
colleagues(McLaughlinetal.,2007a)revisited(andupgraded)thelandmark1983analysis
of hermitcrabrelationships(McLaughlin,1983b),but with moredata(79 morphological
characters)and more taxa (representatives of 17 families). The resulting cladogram
producedfew surprisingresultsapartfrom wide separationof lithodoidsfrom paguroids,
but did leadto anew classi�cationof sevensuperfamilies(threeof themnew) andelevation
of LithodinaeandHapalogastrinaeto family status.

Most recently, threepapershaveinvestigatedrelationshipswithin familiesof Anomura.
Relationshipsof the few investigated Diogenidaefor which spermatozoaland sper-
matophoremorphologyareknown wereanalyzedby Tirelli et al. (2008,2010)for these
reproductive charactersalone.Not surprisingly, theselimited datasetsfoundsomegenera
monophyletic (CalcinusandClibanarius) but othersnotso(DardanusandDiogenes), and
limited biogeographicsubcladeswerealsoapparent.The recentexternalmorphological
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analysisof Pylochelidae(cf. Lemaitreet al., 2009)using41 of 45 recognizedspeciesand
78 characters,revealedsomepoorly resolved cladograms,but did recover, undercertain
conditions,robustmonophyletic cladesfor all sevengeneraandestablishedsomeinterest-
ing andusefulsubfamilial clades.

Anomuranrepresentativeshave alsobeenincludedin phylogeneticanalyses(or intu-
itive evolutionarytrees)of otherdecapodsbasedon morphologicalcharactersasdiverse
asspermatozoa(Koltzoff, 1906;Tudge,1997),neuralandbrain morphology(Sandeman
etal., 1993;Paul,2003),andeyemorphology(Gaten,1998;Richter, 2002).

Phylogeneticanalysesof membersof Anomurabasedon molecular sequencedata
only started 20 yearsago but now exceedmorphologicalanalysesin number. These
molecularphylogeneticcontributions fall into two categoriesof analysis:thosedealing
exclusively with membersof Anomura,andthoseincludinganomuranrepresentatives as
partof alarger, usuallydecapod-wide,analysis.Eachcategorywill bedealtwith separately
below in chronologicalorder.

INCLUDING MOLECULAR DATA : INSIDE ANOMURA

Cladistic analysesof Anomura started with the pioneering18S rRNA nucleotide
sequenceanalysis of four selectedanomuransby Spears& Abele (1988) (abstract
only) andwasfollowed a few yearslater by the 16SrRNA analysisof pagurid-lithodid
relationshipsby Cunninghametal. (1992).Thepaperby Cunninghamandcolleagueswas
aseminalcontribution to the�eld for severalreasons,notonly becauseit thrustanomuran
evolutionaryrelationshipsontothefront coverof theprestigiousjournal“Nature”,but also
becauseit corroboratedthethesisthatsymmetricalking crabs(LithodesandParalithodes)
arederivedfrom asymmetricalhermitcrabs,possiblyfrom within thegenusPagurus: the
Ôhermitto kingÕhypothesis. This controversialresultsparkedimmediateresponsesfrom
evolutionarybiologists(seeGould,1992)andcarcinologistsalike (seeRichter& Scholtz,
1994andMcLaughlin & Lemaitre,1997)andsparked a small renaissancein anomuran
phylogeneticanalysisthatcontinuestoday.

Theinternal relationshipsof theanomuransandcrabgenus,Emerita, werethefocus
of the next molecularcontribution by Tam et al. (1996). They usedboth 16S rRNA
and cytochrome oxidaseI genesto determinethe divergencetimes and zoogeography
of someAmericanspeciesof this commonbeachcrustacean.Partial sequencesof four
mitochondrialgenes(12S, 16S, COI, and COII) and a nucleargene(28S) were used
by Zaklan (2002) to investigate the internal relationshipsof the then family Lithodidae
(now Lithodoidea,seeMcLaughlin et al., 2007a).Zaklan(2002) found supportfor two
sisterclades,correspondingto HapalogastrinaeandLithodinae(now Hapalogastridaeand
Lithodidae)and that the lithodoids were the sister to the paguridhermit crabs.Pérez-
Losadaet al. (2002) used18S rDNA sequencesto examineanomuranrelationshipsof
a small setof 12 taxafrom � ve superfamilies(Aegloidea,Chirostyloidea,Galatheoidea,
Paguroidea,and Hippoidea). They were primarily testing the systematicposition of
Aeglidae(thenconsideredto bein Galatheoidea)in theanalysisandfoundthetwo species
of Aegla they sequencedto be outsideof the cladecontainingthe restof the sequenced
chirostyloidsandgalatheoids.They alsofoundthepaguroidsto bethesister taxonto the
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chirostyloidsandgalatheoids,Aeglidaeto bebasalto them,andthehippoidsbasalto all
the sequencedanomurans.Most of the sameauthorslater investigatedthe biogeography
of 64 speciesof Aegla (cf. Pérez-Losadaet al., 2004)usingthe nuclear28SrDNA gene
and four mitochondrialgenes(12S and 16S rDNA, COI, and COII). They found � ve
monophyletic cladesof speciesthat correspondto � ve biogeographicregionson both
the Paci�c coast(2 clades)and Atlantic coast(3 clades),and using molecular clock
methodologiescon�rmed theÒPaciÞc-OriginÓhypothesisfor thegroup.

Macphersonet al. (2005)alsoincludeda brief phylogeneticanalysisof selectanomu-
rans(just 13 species)using18SrRNA in their descriptionof a new family (Kiwaidae),
genus,and species(Kiwa hirsuta Macpherson,Jones& Segonzac,2005) of galatheoid
from Paci�c-Antarctic hydrothermalvents.Their cladograminferred that Kiwa was a
basalgalatheoid(but McLaughlin et al., 2007a,later elevated it to separatesuperfam-
ily status).Mantelattoet al. (2006) analyzedselecteddiogenidhermit crabsusing 16S
rDNA sequencesaspartof aninvestigationinto thetaxonomicstatusof Loxopagurusand
Isocheles. Mantelattoetal. (2009b)laterusedthesamepartial16SrDNA gene,andmany
similar diogenidtaxa,to re-examinethetaxonomicstatusof two speciesof hermitcrabs,
PagurusforcepsH. Milne Edwards,1836andPaguruscomptusWhite,1847.Their resul-
tantcladogramsshow amonophyletic Diogenidae,with thesamethreesubcladesof genera
asin Mantelattoet al. (2006),asa sistercladeto themonophyletic Paguridae.Themuch-
expandedtaxon samplingin the genusPagurus, including the two speciesin question
(above) revealedthreesubcladesor groupsroughlycorrespondingto threebiogeographic
regions.

The most recent molecular phylogeny of Anomura (Ahyong et al., 2009) used
sequencesfrom onemitochondrial(16S)geneand two nuclear(18Sand28S)genesto
investigate44taxafrom 16of thethenrecognized17extantfamilies(�g. 70.34)(currently
20 families, seeClassi�cation, below). This is the largest anomurandatasetanalyzed
so far, andboth Maximum Parsimony andBayesianInferencemethodswereemployed
to generatethe cladograms.The topologiesdiffer quite radically from many previous
molecularor morphologicalanalysesand indicate signi�cant poly- and paraphyly of
the major superfamilies. Somenotabledifferencesfrom previous proposals(Martin &
Davis, 2001; McLaughlin et al., 2007a)include polyphyly of Pylochelidae(although,
seeMcLaughlin & Lemaitre,2008, 2009,andLemaitre& McLaughlin,2009for recent
supportfor divisionswithin this family), polyphyly of Galatheoideasensulato (including
possibleinclusionof Kiwa in Chirostylidae),paraphyly of Galatheidae,andpolyphyly of
Paguroidea.

INCLUDING MOLECULAR DATA : ANOMURA INSIDE DECAPODA

As mentionedabove, molecularanalyseswith anomuransaspart of a largerdecapod
dataset startedwith the 18S rRNA analysisof brachyuran relationships(Spearset al.,
1992), which included one anomuran,Clibanarius. The most intriguing result from
Spearset al. (1992)wasthe�nding that theprimitive brachyurancrab,Hypoconcha, was
apparentlyananomuranratherthana brachyuran.That resultremainedcontroversialfor
more thana decadebut wassubsequentlyshown to be the result of a sequencingerror
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Fig. 70.34.Molecularphylogeny of Anomurabasedonmitochondrial16Sandnuclear18Sand28S
sequences.Singlemost parsimonioustopologyderived from maximumparsimony analysisunder
equalweights(TL = 3836,CI = 0.4726,RI = 0.6184).Jackknifeproportionsindicatedat nodes.

Superfamiliesasrecognizedby McLaughlinet al. (2007).[Modi�ed from Ahyongetal., 2009.]

(Ahyong et al., 2007).Morrison et al. (2002)analyzeda much larger taxonsample(26
decapods,including 18 anomurans)using four mitochondrialgenes(18S, 28S, COII,
and 16S) to investigate the multiple independentcarcinization events in Anomura.
The study found a monophyletic Anomurawith four independentcarcinizationevents
therein(presentin Porcellanidae,Lomisidae,Lithodoidea,andCoenobitidae).In the last
� ve years,therehasbeena veritableexplosion of molecularphylogeneticanalysesof
Decapoda,all includingvarioussubsetsof anomurancrabsfor comparison.
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The phylogeneticanalysisof Ahyong & O’Meally (2004), mentionedalready, also
includedsimultaneousanalysisof 16S, 18S,and28SrRNA sequencesin combinationwith
morphologicalcharacters.Porteretal. (2005)used16S, 18S, 28S,andthehistoneH3 gene
to investigategeologicaldivergencetimesona largedecapoddataset(only six anomurans
were included,though)and found a monophyletic Anomurabetweenthe slightly older
Brachyura and the younger achelatelobsters.Anomura, according to this analysis,
apparentlyradiatedfrom commonreptant ancestorsat the Carboniferous/Permian
boundary about300 million yearago.Similarly, Tsanget al. (2008)usedtwo nuclear
protein-codinggenesto investigatetheorigin andevolutionof reptantdecapods(64taxa).
Their resultingcladograminferredno greatdifferenceswithin Anomura,but recovereda
monophyletic Meiura (Anomura+ Brachyura). Within Anomura,Hippoideaare basal,
followedby Lomisoidea,thenGalatheoidea(with the interestinginclusionof a paguroid,
Pylocheles), and �nally two sister cladescomprisedof the remainingPaguroideaand
Lithodoidea.

Two decapod-widemolecularanalysesappearedsimultaneously(Toonetal.,2009;Chu
et al., 2009).Both papersdealwith theutility of multipleanddifferentmolecularmarkers
to elucidatedecapodphylogeny; they vary only in the numberof genesandtaxaused.
Toon et al.’s (2009)resultswerebasedon eight genes(both mitochondrialandnuclear),
includedonly six anomurans,and found them monophyletic with respectto the rest of
the decapods.Their small taxon samplingacrossvery disparatesuperfamilies provides
little usefulinformationon relationshipswithin Anomura.Chuet al. (2009)analyzedtwo
protein-codinggenesin their taxon-rich(135species)analysis.Their23anomuranspecies
form aclade(assisterto amonophyletic Brachyura,asusual)andrevealbasalHippoidea,
followed by a galatheid,porcellanid,and pylochelid clade sister to two large clades,
comprisingthe parapagurids,chirostylids,kiwaids,lomisids,andaeglids in one,andthe
diogenids,pagurids,andlithodidsin theother. Chuetal.’s(2009)resultsthusparallelthose
of Ahyonget al. (2009)in recoveringa basalHippoideaaswell aspolyphyly amongthe
hermitcrabsandsquatlobsters.Themulti-genephylogeny of Decapodaby Brackenet al.
(2009)analyzedsequencesfrom threeribosomal genesand onenuclearproteincoding
gene(16S,18S, 28S,H3) from 17 anomurantaxa(out of a total of 128decapodspecies).
The representatives from 12 anomuranfamiliesaremonophyletic, but arenot shown to
bethesistergroupto Brachyura,insteadbeingplacedbetweentheThalassinideaandthe
remainderof thereptantdecapodinfraorders(albeitwith weakstatisticalsupport).

Themostrecentmulti-geneanalysesof theAnomura(Schnabelet al., 2011;Tsanget
al., 2011) foundevidencefor polyphyly amongthehermitcrabsandpolyphyly amongthe
marinesquatlobsters,which aredistributedin two widely separateclades,Galatheoidea
andChirostyloidea.Schnabelet al. (2011)combinedsequencesof threeribosomalgenes
(16S,18S,28S) and morphology, and Tsanget al. (2011) combinedsequencesof � ve
nuclearproteincodinggenes.Of noteis thatTsanget al. (2011) foundstrongsupportfor
derivationof thetwo mainsquatlobstercladesfrom within separatehermitcrabclades.

After 114 years(seethe evolutionary tree of relationshipsin Bouvier’s, 1895,work
on Lomis, lithodids, and the hermit crabs),the �eld hasnot converged on a deÞnitive
phylogeny of the constituentfamilies in Anomura(cf. McLaughlin et al., 2007a)and
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many con�icting views abound(Ahyong et al., 2009;Bracken et al., 2009;Lemaitre&
McLaughlin, 2009). It is widely agreedthat Anomura is monophyletic (seeMartin &
Abele, 1986; Scholtz & Richter, 1995; Schram,2001; Dixon et al., 2003; Ahyong &
O’Meally, 2004;Tsanget al., 2008;Brackenet al., 2009)andthat it is thesister cladeto
Brachyura (thecladeof Meiura of Scholtz& Richter, 1995).However, consensushasnot
yet beenfoundat thesuperfamily andfamily level. Despitethehigh level of discordance
amongstudies,somepatternsareemergingamongmolecular studies: (1) thatHippoidea
appearsto be sister to the remaininganomurans;(2) that marinesquatlobstersbelong
to two widely separateclades,GalatheoideaandChirostyloidea;(3) that Aegloideaand
Lomisoideaaresister taxaandcloselyrelatedto Chirostyloidea;(4) that Paguroideaare
probablyparaphyletic, especiallywith respectto PylochelidaeandParapaguridae;(5) that
lithodoidsareconsistentlyfoundto becloselyrelatedto thepaguroids.

Biogeography

Thediversenatureof Anomurahasmeantthatno singlework exists that summarizes
the biogeography of the entire infraorder. Eachfamily is dealtwith in turn by different
authors,while in somecasesa zoogeographictext is not availableandthedistrib utional
data from systematicaccountsareall thathave beenpublished.Thus,the17 familiesof
McLaughlinetal. (2007a)areeachdealtwith separatelybelow.

For a few of the anomuranfamilies, the only known representatives are monotypic
and/orendemic,andoften the only informationabouttheir distribution is in the original
systematicaccount.Thesemonotypicfamilies are: Lomisidae(cf. Hale, 1927; Pilgrim,
1965; McLaughlin, 1983a),Pylojacquesidae(cf. McLaughlin & Lemaitre,2001), and
Kiwaidae(cf. Macphersonetal., 2005).

COENOBITIDAE

Limited biogeographicinformationis publishedon thetropical,terrestrialhermitcrabs
in thegeneraBirgusandCoenobita. Papersby Hartnoll (1988)andNakasone(1988)and
a book onBirgusby Brown & Fielder(1991) provide muchof theearly literaturewhere
distributionaldatacanbefound.

DIOGENIDAE

Thehermitcrabfamily Diogenidaeis a largeanddiversegroupwith a worldwidedis-
tribution.Therearenocomprehensive review papersdealingwith thebiogeography of the
family asa whole,sooneis forcedto consulta largeselectionof thetaxonomicliterature
to gleanthis information.A non-exhaustive setof examplesfollows.A comparisonof the
Atlantic coastof SouthAmericadiogenidfaunawith that of the Atlantic coastof North
Americawasdoneby Forest& deSaintLaurent(1967),while otherregionaldistributions
of diogenidsarealsoprovidedfor thenortheasternAtlantic OceanandMediterraneanSea
(Ingle,1993),theSeychellesin thenorthernIndianOcean(McLaughlin& Hogarth,1998),
theSouthChinaSea(Rahayu,2000),New Zealand(Forestetal.,2000),theAndamanSea
in thenorthernIndianOcean(McLaughlin,2002),andtheGulf of Oman(Moradmand&
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Sari,2007).Thereis alsoa setof literaturethatdealswith regionalor worldwidereviews
of aparticulargenuswithin thefamily, andexamplesof theseincludethegeneraAniculus
(cf. Forest,1984),Calcinus(cf. Poupin,1997;Poupin& McLaughlin, 1998;Poupin&
Lemaitre,2003;Poupinet al., 2003),Clibanarius(cf. Rahayu& Forest,1992),Diogenes
(cf. Rahayu& Forest,1994;Siddiquietal., 2004),andTrizopagurus(cf. Forest,1995).

PAGURIDAE

Paguridaeis alsoa largeanddiversefamily with a worldwidedistribution.As with the
diogenids,therearenocomprehensivereview papersdealingwith theirbiogeography, and
soaselectionof thetaxonomicliteraturemustbeconsulted.A brief zoogeographicoutline
of the paguridsof the northernPaci�c, andborealSoviet watersis provided in Makarov
(1962);comparisonsof the Atlantic coastof SouthAmericapaguridfaunawith that of
thecorrespondingcoastof North Americahave beenmadeby Forest& deSaintLaurent
(1967);while otherregionaldistributionsof paguridsarealsoprovided for northwestern
North America(McLaughlin,1974),the northeasternAtlantic OceanandMediterranean
Sea(Ingle, 1993),theSeychellesin thenorthernIndianOcean(McLaughlin& Hogarth,
1998), the South China Sea(Rahayu,2000), New Zealand(Forest et al., 2000), the
AndamanSeain the northernIndianOcean(McLaughlin,2002),andthe Gulf of Oman
(Moradmand& Sari, 2007).The setof literaturethat dealswith regional or worldwide
reviewsof paguridgeneraincludes:Pagurus(cf. Ingle,1985;McLaughlin& Forest,1999),
Paguritta (cf. McLaughlin& Lemaitre,1993),Pagurixus(cf. McLaughlin& Haig,1984),
andXylopagurus(cf. Lemaitre,1995).

PARAPAGURIDAE

This family of deepwater (generallybetween100 and 2000 m) hermit crabshas a
worldwide distribution and several papershave dealt with regional distributions of the
family, or particulargenera,often including bathymetric data.Theseincludereviews of
speciesin thewatersof theeasternAtlantic (Lemaitre,1990),AntarcticandSubantarctic
waters (Lemaitre & McLaughlin, 1992), FrenchPolynesianwaters (Lemaitre, 1994),
Australianwaters(Lemaitre,1996),Indonesianwaters(Lemaitre,1997),andNew Zealand
waters(Lemaitre,2000), as well as reviews of the genusParapagurus in the western
Atlantic (Lemaitre,1989)andPaci�c andIndianoceans(Lemaitre,1999),andaworldwide
review of thegenusSympagurus(cf. Lemaitre,2004).

PYLOCHELIDAE

Two papersby Forest(1987a,b) provide thebulk of theavailableinformationregard-
ing thedepthdistributionsandbiogeography of all valid membersof this family of deep-
water, symmetricalhermit crabs.Very recently, papersdealingwith larval development
(McLaughlin & Lemaitre,2008) and morphologicalphylogeny (Lemaitreet al., 2009)
have alloweda reassessmentof thefamily andits constituentsubfamilies(McLaughlin&
Lemaitre,2009).
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HAPALOGASTRIDAE AND L ITHODIDAE

One of the �rst contributions to understandingthe zoogeographicdistribution of
lithodoids(amongotherAnomura)in northernPaci�c waterswasthatof Makarov (1962;
an English translationof the original 1938Russiantext). As well assuggestingdistinct
zoogeographiczonesfor lithodoids,Makarov also postulateda North Paci�c center of
origin and mappeddispersal routes to the other oceansof the world. Dawson (1989)
provided a comprehensive bibliography of the lithodoid literatureincluding early works
on depthdistributionsandbiogeography; Zaklan (2002) later reviewed the distribution,
biology, and�sheries of the world’s lithodoids.SinceZaklan’s synopsis,variousstudies
have extendedtherangesof somelithodids into polar, Antarcticwaters(Thatje& Arntz,
2004;Thatje& Lörz,2005;Thatjeetal., 2005,2008;Ahyong& Dawson,2006)andhave
increasedour knowledgeof regional faunas(Macpherson& Chan,2008;Hall & Thatje,
2009b;Ahyong, 2010a,b; Ahyong & Chan, 2010; Ahyong et al., 2010). Otto (2006)
reviewed worldwide lithodid �sheries and Hall & Thatje (2009a)provided a detailed
review of lithodoid biogeography in the context of temperaturecontraints.The chief
patternsto be observed in lithodoids are as follows: their greatestgenericdiversity is
found in the northernPaci�c, in which 10 of 15 generaexclusively occur(including all
5 generaof the Hapalogastridae).These10 generaare principally shallow water forms
requiring low temperaturesfor survival of early life-history stages,so their rangesare
largely constrainedby seasurface temperature.Deepwater lineagesescapedseasonal
temperature�uctuations,andunderwentat leastthreeradiationsinto waterbodiesoutside
the North Paci�c. The largest lithodid genera(Lithodes, Neolithodes, and Paralomis)
are cosmopolitanand rangefrom Arctic to subantarctic(Lithodes) or Antarctic waters
(Neolithodes, Paralomis). Moreover, thespeciesfrom thedeepwaterlineagescurrentlylive
closeto thethresholdof their temperaturetolerancein theSouthernOcean,andtheir future
distributionmaybeaffectedby increasesin oceantemperature.Thus,lithodoidsapparently
originatedin thenorthernPaci�c, from wherethegrouphasexpandedworldwide,but with
rangesconstrainedby watertemperature.

CHIROSTYLOIDEA AND GALATHEOIDEA

Historically, thesetwo squat lobster superfamilies have been dealt with together,
and this convention will continue here for convenience.The earliest discussionsof
zoogeography in thesefamilieswerein Milne-Edwards& Bouvier (1894)andDo�ein &
Balss(1913),althoughtheir taxonomyis now outdated.Biogeographicalandbathymetric
dataare now provided in the more recentsystematicworks of Baba(2005) and Baba
et al. (2008).The bulk of chirostyloidandgalatheoiddiversity is in the westernPaci�c
at continentalshelf and slopedepths.Although this partly re�ects sampling effort, the
phenomenonneverthelessappearsto bereal,with Munididae,at least,having experienced
signi�cant, recentradiation in the southwesternPaci�c (Machordom& Macpherson,
2004).Of the 35 galatheoidgenera,6 arerepresentedin both the Indo-WestPaci�c and
Atlanto-EastPaci�c regions,andAnomeomunidaoccursonly in theAtlantic Ocean.The
remaining29 generaare restrictedto the Indo-WestPaci�c. The two largestgalatheoid
genera,Munida andMunidopsis, eachwith well over 200 species,arecosmopolitan.Of
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theeightrecognizedchirostyloidgenera,four arerepresentedin boththeIndo-WestPaci�c
andAtlanto-EastPaci�c regions,includingthelargestgenus,Uroptychus(with morethan
200 known species).Speciesof PseudomunidaandUroptychodesoccuronly in thePaci�c
Ocean,andHapaloptyxis only foundin the IndianOcean.Specieslevel studiesof squat
lobsterbiogeography arecurrentlyunderway, anda recentstudyof deep-seagalatheoids
(Macphersonet al., 2009)from the Paci�c Oceanrevealeda generalincreasein species
richnessfrom highto low latitudes,andalongitudinaldecreasein speciesrichnessfrom the
westernto centralPaci�c. Thus,the tropicalwesternPaci�c containsthehighestspecies
richness for Galatheidae.Moreover, thereis a tendency towardssmallerbody sizeand
endemism, differentiatingthe Coral Sea,Indo-Malay Archipelago,New Zealand,and
FrenchPolynesiaas‘independent’centersof diversity.

Speciescompositionin relation to habitat is subjectto ongoing studies.Recently,
Rowden et al. (2010) foundthat amongsouthwesternPaci�c squatlobsters,seamount
community compositionwasnot distinctfrom thatof otherhabitatsat comparabledepth,
such as slopesand canyons. However, communitieson seamountson ridges may be
distinct from thosefoundelsewhereon ridges,thesedifferencesbeingmorepronounced
with geographicdistance.

PORCELLANIDAE

This large, highly carcinizedanomuranfamily hasonly recentlybeendealt with in
any biogeographicperspective,andoftenthenonly regionally, eventhoughthesystematic
literaturehasa longhistory. Harvey (1991) providedanin-depthlook at thebiogeography
of the reasonablylimited porcellanid fauna from the GalapagosIslands, while the
biogeography and depth distributions of westernAtlantic porcellanidsare covered in
publicationsfrom Werding et al. (2003) and Rodriguezet al. (2006). The latter paper
providesthe informationin the context of a molecularphylogeny. Porcellanidsaremost
commonin shallow tropical andsub-tropicalwatersof the world (often in commensal
relationshipswith invertebrates,such ascoralsor echinoderms),but they alsooccurat
high latitudesin subpolarwaters.As with the galatheidsand chirostylids, the bulk of
porcellaniddiversity occursin the tropical Indo-West Paci�c region. Of the 29 extant
genera,one-thirdis representedonly in theAtlanto-EastPaci�c, one�fth arecosmopolitan,
andthe remaininggeneraoccuronly in the Indo-WestPaci�c region. The largestgenus,
Petrolisthes, is cosmopolitanandcontainsabout100species.

AEGLIDAE

Notes on the distribution and biogeography of theseunique freshwater, endemic
SouthAmericananomuransspana more than 100-yearperiod in the literature.In his
work on freshwater decapodsOrtmann(1902) madebrief mention of the distribution
of the only speciesknown at the time, Aegla laevis Leach,1820,but 40 yearslater the
numberof describedspecieshadrisento 20 andSchmitt(1942)madezoogeographicand
distributional remarkson all of them.Later Feldmann(1986) usedliving distributions,
fossil occurrence,andcontinental drift theory to postulateon the paleobiogeography
of the family. It is known from a few fossil aeglids in New Zealand (Feldmann,1984)
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and Mexico (Feldmannet al., 1998) that aeglids arosein marineenvironmentsin the
southernPaci�c Oceanandthis strengthenstheargumentof Ortmann(1902)thataeglids
invadedSouthAmericafrom this oceanandextendedtheir rangeto theeastandthenorth
into freshwatersystems.Schmitt(1942)andMorrone& Lopretto(1994,1995)suggested
dispersalin the oppositedirection, i.e., eastto west (seebelow), basedon the premise
that the leastornamentedmorphologyseenin Atlantic speciesis plesiomorphic.Thefact
that the New ZealandCretaceousmarinefossil is heavily ornamented(Feldmann,1984)
contradictsthis argument.A monographof all 59 known specieswith distribution maps
waspublishedby Bond-Buckup& Buckup(1994),andthis wasfollowedby two papers
by Morrone& Lopretto(1994,1995)dealingwith analysesof historicalpan-biogeography
and southernSouth American endemicity of Aeglidae (along with two other South
Americanfreshwaterdecapodfamilies,ParastacidaeandTrichodactylidae).More recent
contributionsby Pérez-Losadaet al. (2002,2004)providea molecularsystematicaccount
of Aeglidaein thecontext of Anomura,andmoleculardivergencetimesandzoogeography
for 64 recognizedspeciesof Aegla, respectively (seephylogeny sectionabove).

ALBUNEIDAE AND BLEPHARIPODIDAE

Boyko & Harvey (2009)studiedthephylogeny andbiogeography of thesetwo families.
Until recently, however, Blepharipodidaewasconsideredpartof Albuneidae,andthelittle
publisheddiscussionof biogeography of thesegroupstreatedthem together. Ortmann
(1896) suggestedthat the albuneidsoriginated in the westernAtlantic and dispersed
westward to the easternPaci�c and continuedon through the Indo-West Paci�c and
then to the MediterraneanSea.Efford (1971) examinedthe distribution of speciesof
Lepidopa, sensulato, andon the basisof several geminatespeciespairs on eitherside
of the Isthmus of Panama, suggestedsigni�cant diversiÞcation prior to the Pliocene
closureof the Panamanian seaway. Coehlo & Calado(1987) attemptedto examine
albuneidandblepharipodiddistributions,but their work wasunfortunatelycompromised
by errorsintroducedby a limited literaturesurvey andinaccurateolder literaturerecords.
Onthebasisof phylogeneticanalysisfollowing Boyko’s(2002)comprehensivetaxonomic
revision, Boyko & Harvey (2009)concludedthat Albuneidaehada shallow waterIndo-
Paci�c origin ratherthanAtlantic assuggestedby Ortmann(1896).Basalandsuccessive
generain theRecentLepidopinae,LeucolepidopaandAustrolepidopa, andin Albuneinae,
Stemonopa, are restrictedto the Indo-Paci�c. This suggeststhat ratherthan originating
from a broadTethyan distrib ution, Albuneidaeoriginatedin the shallow Indo-Paci�c
regionandlaterdispersedeastwardinto theAtlantic. In contrast,blepharipodidsappearto
have originatedin the easternPaci�c, from which differentlineagescolonizedthe Indo-
WestPaci�c andwesternAtlantic.

HIPPIDAE

Distributionaldataandzoogeographicstudiesin this family canbefoundin Tamet al.
(1996),for the Americanspeciesof Emeritaonly, andalongwith Albuneidaein Boyko
& Harvey (1999).This latter, mostrecentcontribution is primarily a systematicpaperbut
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hasdistributionalinformationfor thetwo valid Indo-WestPaci�c species.Bothrangefrom
eastAfrica, throughtheRedSeaandAsia to New Caledoniain thewesternPaci�c Ocean,
andnorthto Chinaandsouthto tropicalAustralia.TheonespeciesHippa paci�ca (Dana,
1852)alsooccursin theeasternPaci�c Oceanfrom California to Panamaandwestwardto
theGalápagosIslands.

SYSTEMATICS

ClassiÞcation

InfraorderANOMURA MacLeay, 1838
PAGUROIDEA Latreille,1802

Body asymmetrical(rarelysymmetrical);ocularscaleswell-developedor secon-
darily reduced;6 antennalarticles;11pairsof gills; �rst pereiopodsarechelipeds;
secondandthird pereiopodambulatory, dactyli with claw; fourth pereiopodre-
duced,simple,chelateor subchelate;�fth pereiopodreduced;third through�fth
pleopodspaired,unpaired,or absent;uropodalrami not forming a tail fan,with
rasps,or absent.[After Poore,2004.]

COENOBITIDAE Dana,1851
Carapaceandbodymostlypaguroidin form (Coenobita) or with pleoncalci-
�ed andtuckedunder(Birgus); carapacewell calci�ed; eyestalkslaterally�at-
tened,subparallelto eachother;antennularpedunclesprominentlyelongate,
�rst segmentde�exed,distaltwo segmentsslenderandcylindrical,dorsal�ag-
ellumcompressedwith tip truncate;antennaeshort,laterallycompressed,aci-
cle small andfusedto secondpeduncularsegment;third maxillipedsapproxi-
matedbasally;ischiumwith well-developedcristadentata,accessorytoothab-
sent;�rst pereiopodunequal(left largerthanright), massive; secondandthird
pereiopodambulatory, stout, longerthanchelipeds;fourth pereiopodchelate
or subchelate,�fth pereiopodchelate;pleonasymmetrical,segmentationnot
clear; male pleopodsabsent;femalewith threeunpairedpleopods;uropods
bearraspto graspgastropodshell(exceptBirgus). [After Davie, 2002.]

DIOGENIDAE Ortmann,1892
Carapaceand body paguroidin form; eyestalkscylindrical; antennaelong
and subcylindrical; antennular�agellum elongate; third maxillipedsusually
adjacentat base,ischiumwith well developedcristadentata,accessorytooth
presentor absent;13 or 14 pairsof gills; �rst pereiopodsunequal(generally
left larger)or sometimesequalor subequal;male�fth pereiopodwith paired
(sometimessingle)gonoporeson coxae,sexual tubeabsent;�rst pleopod(or
�rst andsecond)sometimespaired;secondthrough�fth pleopodunpaired,on
left sideonly, sometimesabsentin male;pleonwell-developed,asymmetrical,
terga weakly calci�ed, integumentmembranous;�rst pleomeredistinct from
last thoracomere.[After Forest & McLaughlin, 2000; Davie, 2002; Poore,
2004.]
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PAGURIDAE Latreille,1802
Carapaceandbodypaguroidin form; carapacenarrow, posteriorpartusually
membranousand soft; antennular�agellum elongate,endsin �lament; �rst
maxillipedwith distinct �agellum; third maxillipedswidely separatedat base
(broadsternalplate), ischium with well developedcrista dentata,accessory
toothpresentor absent;usually11(sometimesfewer),occasionally13pairsof
gills; �rst pereiopodschelate,unequal(right larger) or subequal;secondand
third pereiopodambulatory, cylindrical; fourth and �fth pereiopodreduced,
oneor both chelateor subchelate(rarely simple);male �fth pereiopodwith
pairedgonoporeson coxae,sometimeslong sexual tube(sometimespaired)
present;usually 3 (male) or 4 (female) biramous pleopodson left side
only, sometimes�rst pleopod paired in male or female, rarely �rst and
secondpleopod paired in male; pleon soft, well-developed,asymmetrical
(rarely symmetrical),integumentmembranous;�rst pleomeredistinct from
lastthoracomere;uropodspresent,usuallyasymmetrical,modi�ed asholdfasts
(with rasps);telsonusuallywith medianconstriction,lateralterminalmargins
usually with mediancleft. [After de Saint Laurent & McLaughlin, 2000;
Davie, 2002;Poore,2004.]

PARAPAGURIDAE Smith,1882
Carapaceandbodypaguroidin form;cephalothoracicshieldbroadlyrounded,
notnarrowing posteriorly, sometimesweaklycalci�ed dorsally;epistomewith
0-2 medianspines(epistomialspine); labral spinepresent;third maxillipeds
separatedat base, ischium with well developed crista dentata,accessory
tooth absent;11 pairs of gills, sometimeswith twelfth pair of vestigial
pleurobranchson last thoracomere,gill lamellae divided into two lobes,
entire or subdivided; �rst pereiopodschelate,very unequal (right much
largerandoftenoperculate);secondandthird pereiopodsimple,ambulatory,
unarmed,long and slender;fourth pereiopodsubchelate,with pleurobranch
only (rarely rudimentaryon �fth pereiopod);�fth pereiopodchelate;�rst or
secondpleopod,or both, sometimespairedin male,modi�ed as gonopods;
third through�fth pleopods(secondthroughfourth or secondthrough�fth
in females)on left only, biramous,exopod short; pleon well developed,
asymmetrical,tergitesentire,integumentmembranous;telsonentire,without
transversesuture.[After Lemaitre,2000;Davie, 2002;Poore,2004.]

PYLOCHELIDAE Bate,1888
Carapacepagurid-like,dividedby completeor incompletelineatransversalis;
rostrumpresentor absent;eyestalksnormalor reduced,corneaslarge,reduced,
or absent;antennularandantennalpeduncleswell developed,�agella andaci-
clespresent;�rst maxillipedwith well developedepipod,�agellated exopod;
third maxillipedsadjacentatbase,ischiumwith well developedcristadentata,
accessoryteethpresentor absent;14 pairsof gills; �rst pereiopodschelate,
equal,sometimesoperculiform;secondand third pereiopodsimple, ambu-
latory; fourth and �fth pereiopodmore or lesssubcheliformwith propodal
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rasp(maybereducedto a line of modi�ed setae);pleonstraight(asymmetri-
calonly in Mixtopagurus), somitescalci�ed, distinct,articulated;�rst through
�fth pleopodpaired;male�rst andsecondpleopodandfemale�rst pleopod
modi�ed asgonopods;telsonwell developed,with or without transversesu-
ture.[After Forest& McLaughlin,2000;Davie, 2002;Poore,2004.]

PYLOJACQUESIDAE McLaughlin& Lemaitre,2001
Linea transversalisand cervical groove distinct; eyestalkswell developed;
corneaspigmentedor not;ocularacicleselongate;antennularandantennalpe-
duncleswell developed,antennalpedunclewith supernumerarysegmentation;
mandiblewith prominentcorneousteeth;�rst maxillipedwith multiarticulate
�agellum; third maxillipedsbasallyseparatedby narrow protrusionof sternal
plate;cristadentatamoderatelydeveloped,without accessorytooth; thoracic
sternites9-11fusedbut with suturesapparent,sternites12-14well separated;
�rst pleomerecontiguouswith lastthoracomere,but sutureclearlydiscernible;
pleomeresmembranousexceptfor partially calci�ed �rst tergite andsternite
andcalci�ed sixth tergite; third through�fth pleopoddevelopedon left side
only; uropodswell developed.[After McLaughlin & Lemaitre,2001;Davie,
2002.]

L ITHODOIDEA Samouelle,1819
Body crab-like, pleonfoldedunderneath;carapacecalci�ed, dorsalregionswell
de�ned, typically bearinga variable numberand size of granulesor spines;
rostrumpresent,variablesize andshape;eyeswith pigmentedterminalcorneas;
�rst maxilliped exopod with �agellum; third maxillipeds widely separatedat
base;scaphoceritepresentor reducedto small sclerite; epistomespine absent;
�rst pereiopodschelate,equalor subequal(right largerthanleft); secondthrough
fourth pereiopodambulatory; �fth pereiopodsubchelate,foldedundercarapace;
pleon asymmetricalin females,symmetricalin males,short, broad,calci�ed,
pleonal terga with supplementalcalci�ed plates lateral to paired plates; �rst
pleomerefused to last thoracomere;pleopodsabsentin males; female �rst
pleopodpaired,small; femalesecondthrough�fth pleopodsimple,uniramous,
unpaired;uropodsabsent.[After Davie, 2002;Poore,2004.]

HAPALOGASTRIDAE McLaughlin,Lemaitre& Sorhannus,2007
Rostrum �at, triangular, usually shorter that eyestalks; third maxillipeds
widely separatedbasally; ischium with well-developedcrista dentata;with
oneor two accessoryteeth;pleonwith secondandterminal two somitesill-
calci�ed; secondabdominalsomitecomposedof onemedian,two lateral,and
two marginal plates;pleopodslacking in males;in females�rst abdominal
somitewith rudimentarypairedpleopods;secondthrough�fth somiteseach
with unpaireduniramouspleopodson left side.[After Miyake,1978.]

L ITHODIDAE Samouelle,1819
Body crab-like, pleon folded underneath;carapacecalci�ed, dorsal regions
well de�ned, typically bearinga variable numberand size of granulesor
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spines;rostrumpresent,variablesizeandshape;eyeswith pigmentedterminal
corneas;�rst maxilliped exopod with �agellum; third maxillipeds widely
separatedat base;scaphoceritepresentor reducedto smallgranule;epistome
spine absent;�rst pereiopodschelate,equal or subequal(right larger than
left); secondthroughfourthpereiopodambulatory;�fth pereiopodsubchelate,
foldedundercarapace;pleonasymmetricalin females,symmetricalin males,
short,broad,calci�ed, pleonalterga with supplementalcalci�ed plateslateral
to pairedplates;�rst pleomerefusedto last thoracomere;pleopodsabsent
in males; female �rst pleopodpaired, small; female secondthrough �fth
pleopodsimple, uniramous,unpaired;uropodsabsent.[After Davie, 2002;
Poore,2004.]

GALATHEOIDEA Samouelle,1819
Rostrumwell-developedor obsolete;cephalothoraxandabdomensymmetrical;
all abdominalsomitesdistinct, freely articulating,sclerotized;eighththoracom-
ere with well-developedsternite;ocular aciclesabsent;antennalpeduncle4-
segmented(segments2 and3 of � ve segmentsfused);acicleabsent;mandible
incisor margin entire; third maxilliped with or without epipod;�rst pereiopods
chelate;secondto fourthpereiopodsaswalking legs;telsonanduropodslaminar,
forming tailfan, not folded againstprecedingsomite;telsondistinctly or indis-
tinctly subdivided into plates;gills phyllobranchiate.[Modi�ed afterAhyonget
al., 2010.]

GALATHEIDAE Samouelle,1819
Carapacelonger thanwide; dorsallywith transversestriae or tubercles;ros-
trumwell-developed,broad,�attened,usuallysubtriangular;supraocularspines
presentor absent;eyes with well-developedcornea;antennalpeduncledi-
rectedanteriorly or anterolaterally;�rst maxilliped exopod �agellum well-
developed;third maxilliped pediform, ischium and meruselongate,not ex-
pandedmesially;epipodpresent;chelipedssubcylindrical to ovate in cross-
section.[After Babaetal., 2009;Ahyongetal., 2010.]

MUNIDIDAE Ahyong,Baba,Macpherson& Poore,2010
Carapacelonger thanwide; dorsallywith transversestriae; rostrumslender,
dorsallyridged,usuallystyliform; supraocularspinespresent;telsondistinctly
or indistinctly subdivided into multiple plates; eyes with well-developed
cornea;antennalpeduncledirectedanteriorlyor anterolaterally;mandiblehav-
ing incisoredgeentire;�rst maxillipedexopod�agellum well-developed;third
maxillipedpediform,ischiumandmeruselongate,notexpandedmesially;epi-
podpresent;chelipedssubcylindical to ovatein cross-section.[After Babaet
al., 2009;Ahyongetal., 2010.]

MUNIDOPSIDAE Ortmann,1898
Carapacedorsally with or without few transversestriae; rostrum well de-
veloped,subtriangularor spiniform, supraocularspinesabsent;telson dis-
tinctly or indistinctlysubdividedinto severalplates;eyesreducedor with well-
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developedcorneae;mandiblehaving incisoredgeentire;�rst maxillipedexo-
pod without lashor with reducedlash; thirdmaxilliped with epipod.[After
Ahyongetal., 2010.]

PORCELLANIDAE Haworth,1825
Rostrumwell developedto obsolete,if well-developed,broad,subtriangular,
�attened; supraocularspinespresentor absent;carapace(excluding rostrum)
longer than wide to wider than long; dorsal surface smooth or variously
ornamentedwith faint striae or tubercles;tailfan well developed, folded
against precedingsomite, telson distinctly subdivided into 5 or 7 plates;
eyes with well-developed cornea;antennalpeduncledirected laterally or
posteriorly;�rst maxillipedexopod�agellum well developed;third maxilliped
operculiform;ischiumandmeruselongate,broad,expandedmesially;epipod
absent;chelipeds�attened.[After Ahyongetal., 2010.]

CHIROSTYLOIDEA Ortmann,1892
Body symmetrical,carapacewith or without transverse striae; rostrum vari-
ously developed,usuallyprominent;supraocularspinespresentor absent;ster-
nal plastron consisting of sternites 3-7; eighth thoracomerewithout sternal
plate;abdomenwell-developed,all somitessclerotized,articulating;tailfanwell-
developed,foldedbeneathprecedingsomite;telsonanduropodslaminar;telson
transverselydividedby suture;antennalpeduncleconsistingof 5 segments;aci-
cle presentor absent;mandiblewith toothedcutting edge;�rst maxilliped with
or without epipod;�rst pereiopodalwayschelate;secondto fourth pereiopods
aswalking legs; third maxilliped andpereiopodswithout epipods;gills phyllo-
branchiate.[After Schnabel& Ahyong,2010.]

CHIROSTYLIDAE Ortmann,1892
Carapacewithout transversesetiferousstriae;supraocularspinesabsent;re-
gions usually ill-de�ned; branchial regions medially separatedby cardiac
andintestinalregions;pleuronof secondpleonitewithout spineon anterolat-
eralmargin; tailfanfoldedbeneathprecedingabdominalsomite,telsontrans-
verselydivided into 2 lobes;third sternitenot stronglyproducedanteriorly;
eyes well developed;antennalacicle presentor absent;mandibular cutting
edgecalci�ed, strongly serratedalong its length (except possiblyHapalop-
tyx); �rst maxilliped without epipod;exopodal �agellum presentor absent,
not annulated;two arthrobranchson third maxilliped to fourth pereiopod,1
arthrobranchon �fth pereiopod;pleurobranchon secondto fourth pereiopod;
male�rst andsecondgonopodspresent.[Modi�ed afterSchnabel& Ahyong,
2010.]

EUMUNIDID AE A. Milne-Edwards& Bouvier, 1900
Carapacecordiform,elongate,with transversesetiferousstriae;posterolateral
margin entire,not excavated;rostrumstyliform, �anked by 1 or 2 supraocu-
lar spines;cervicalgroove distinct; branchialregionsmedially separatedby
cardiacandintestinalregions;secondpleonitewith pleuralmargin anterolat-
erally producedinto strongspine;tailfanfoldedbeneathprecedingabdominal
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somite,telsontransverselydividedinto 2 lobes;third sterniteanteriormargin
transverselysinuousor irregular, not stronglyproducedanteriorly;eyeswell
developed;antennalaciclepresent;mandibleincisorridgewith 3 small teeth;
�rst maxillipedwith well-developedepipod;exopodal�agellum annulatedin
distalportion;two arthrobranchson third maxillipedto fourthpereiopod(ves-
tigial on third maxilliped), 1 arthrobranchon �fth pereiopod;pleurobranch
on secondto fourth pereiopods;male �rst gonopodabsent,secondgonopod
vestigialor absent.[Modi�ed afterSchnabel& Ahyong,2010.]

K IWAIDAE Macpherson,Jones& Segonzac,2005
Carapaceelongate,smooth,without transversesetiferousstriae;posterolateral
margin entire,not excavated;rostrumtriangular, �anked by small supraoc-
ular spines;cervical groove distinct; branchialregions meetingin midline;
secondpleonitewithout pleural spine; tailfan folded beneathprecedingab-
dominalsomite,telsontransverselydividedinto 2 lobes;third sterniteanterior
margin stronglyproducedanteriorly;eyesstrongyreduced,soft,not calci�ed,
movable,unpigmented;antennalacicleabsent;mandibleincisorridgestrongly
serratedalongits length,corneous;�rst maxilliped with well-developedepi-
pod;exopodal�agellum annulatedin distalportion;two arthrobranchsonthird
maxillipedto fourth pereiopod(vestigialon third maxilliped); �fth pereiopod
withoutarthrobranch;pleurobranchsabsent;malepleopods2-5present.[Mod-
i�ed afterSchnabel& Ahyong,2010.]

AEGLOIDEA Dana,1852
Carapacewidest near posterolateralcorners,traversedby prominentcervical
groove; thoracic region subdivided into prominentcardiacregion axially, and
lateral branchialregions subdivided by one or more transverseor longitudinal
linae; terminal thoracic sternal elementpresent;rostrum prominent,typically
carinate,extendingwell beyond anterolateralspines;�rst pereiopodswith stout
chelae,typically with �abellate projectiondevelopedon innerpartof handnear
articulationwith dactylus,innermargin of carpusspinose;telsonusuallydivided
by longitudinalsuture.[After Feldmann,1984.]

AEGLIDAE Dana,1852
As persuperfamily diagnosis.

LOMISOIDEA Bouvier, 1895
Body crab-like, symmetrical, �attened, triangular; eyestalks broad and �at;
corneainsertedlaterally;ocularscalesabsent;antennalpedunclewith 6 articles;
epistomewith spine;third maxillipedsseparatedat base;14 pairsof gills; �rst
pereiopodchelate,short,broad,�at; secondthroughfourthpereiopodambulatory,
dactyli with claw; �fth pereiopodvestigial,carriedin branchialchamber;pleon
folded underbody; �rst pleomerevisible dorsally; third through�fth pleopod
paired;malegonopodspresent;female�rst pleopodpresent;femaleuropodsnon-
spatulate,maleuropodsvestigial; telsonundivided. [After Davie, 2002;Poore,
2004.]
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LOMISIDAE Bouvier, 1895
As persuperfamily diagnosis.

HIPPOIDEA Latreille,1825
Bodysymmetrical;ocularscalesabsent;secondthroughfourthpereiopoddactyli
similar; uropodalraminot forminga tail-fan,without rasps.[After Poore,2004.]

ALBUNEIDAE Stimpson,1858
Carapacesubrectangular, �attened,withoutlateralexpansionscoveringpereio-
pods,dorsalsurfacemoderatelyconvex, broadmatof short,dense,simplese-
tae just behindfront (setal �eld), numeroustransversesetosegrooves; ros-
trumreducedor absent;epibranchialspineabsent;eyestalksshort to markedly
elongate; corneadistinct, atrophied,or absent;antennulewith 3 segments,
dorsal�agellum with 17-250articles,ventral�agellum with 0-7 articles;an-
tenna5-segmented,aciclepresent,�agellum with 1-9 articles;mandiblewell
developed,with 3-segmentedpalp; �rst maxilliped with epipod;third max-
illiped with epipod,merusunarmed,crista dentataabsentor weak,exopod
slenderor lamellar;gills phyllobranchiate;�rst pereiopodssubchelate,dactyli
dorsal margin smooth or crenulate,propoduscutting edgesmoothor with
blunt teeth; secondthrough fourth pereiopoddactyli laterally compressed
anddorsoventrallyexpanded(sickle-shaped);�fth pereiopodreduced,chelate;
pleopodsabsentor rudimentaryin males,presenton femalesecondthrough
�fth pleomere,uniramous;pleonwith pleuraonsecondthroughfourthsomite,
or �fth; uropodspresent,longandlamellar;telsonentire,ovoid. [After Boyko,
2002;Davie, 2002;Poore,2004.]

BLEPHARIPODIDAE Boyko, 2002
Carapacelonger thanwide, broadlykeeledaxially, front narrow; outerocu-
lar spineslong, spinose;oneor two hepaticanterolateralspinespresent;epi-
branchialspinepresent;branchiostegite weakly spinose;rostrumtriangular,
spinose;gills trichobranchiate;eyestalkscylindrical, corneaslarge;�rst anten-
nular segmentunarmed,dorsal�agellum with 18-85articles,ventral �agel-
lum with 6-21articles;antennalsegmentunarmeddorsally, acicleshort, �ag-
ellum with 8-44 articles;�rst maxilliped with epipod;secondmaxilliped ex-
opodwith multiarticulate�agellum; third maxilliped carpalprojectionshort,
merusarmed,strongcrista dentatapresent,exopod slenderwith �agellum;
�rst pereiopoddactylussubchelate,disto-dorsalcarpalspinepresent,cutting
edgespinose;secondthroughfourth pereiopoddactyli laterally compressed
anddorsoventrallyexpanded,dorsalmarginsof carpispinose;�fth pereiopod
reduced,chelate;pleonwith pleuraon secondthrough�fth somite;females
with uniramous,pairedpleopodson secondthrough�fth somite;maleswith-
out pleopods;uropodspresent;telsonentire,ovate,laterallyexpanded,some-
timesweaklysexually dimorphic.[After Boyko, 2002.]

HIPPIDAE Latreille,1825
Carapaceoval, strongly convex, moreor lessexpandedlaterally, with lateral
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extensionscoveringall except�rst pereiopod;rostrumreducedor absent;eye-
stalksshortor long; corneadistinct;mandiblereduced;third maxillipedwith-
out exopod,suboperculiformwith enlarged,broadenedmerus;�rst pereiopod
simple, dactyli cylindrical or lamellate;secondand third pereiopoddactyli
curved and �attened, fourth pereiopoddactyli lesscurved and �attened; fe-
malewith threepairsof pleopodson secondthroughfourth pleomere;uropo-
dal exopodandendopodlong, lamellar; telsonstronglyelongate,lanceolate,
apicallyacute.[After Haig,1974;Davie, 2002;Poore,2004.]

APPENDIX
Taxaat specieslevel (andoccasionallyat genuslevel), mentionedin this chapter, with authorities

anddatesof their description

Acanthopagurusdubius(A. Milne-Edwards& Bouvier, 1900)
Aegla cavernicolaTürkay, 1972
Aegla platensisSchmitt,1942
Aegla schmitti Hobbs,1979
Aegla uruguayanaSchmitt,1942
Alainopaguroideslemaitrei McLaughlin,1997
AlbuneamicropsMiers,1878
Albuneasymmysta(Linnaeus,1758)
Anapagurusbicorniger A. Milne-Edwards& Bouvier, 1892
Anapaguruschiroacanthus(Lilljeborg, 1856)
Asymmetrioneasymmetrica(Shiino,1933)
AthelgestakanoshimensisIshii, 1914

Bathychelesincisus(Forest,1987)
Birguslatro (Linnaeus,1767)
Blepharipodaliberata Shen,1949
BoninpagurusacanthochelesAsakura& Tachikawa,2004
BriarosaccuscallosusBoschma,1930

Calcinuselegans(H. Milne Edwards,1836)
Calcinuslaevimanus(Randall,1840)
Cancellochelessculptipes(Miyake,1978)
CancellustypusH. Milne Edwards,1836
CatapaguroidesjaponicusdeSaintLaurent,1968
CatapaguroidesmegalopsA. Milne-Edwards& Bouvier, 1892
Catapagurustuberculosus(Asakura,1999)
Cervimunidajohni Porter, 1903
CheiroplatealaticaudataBoas,1926
Chirostylusinvestigatoris(Alcock & Anderson,1899)
Ciliopagurusstrigatus(Herbst,1804)
Clibanariuseurysternus(Hilgendorf,1879)
Clibanariuserythropus(Latreille,1818)
ClibanariusfonticolaMcLaughlin& Murray, 1990
Clibanariustaeniatus(H. Milne Edwards,1848)
Clibanariusvirescens(Krauss,1843)
Coenobitaclypeatus(Herbst,1791)
CoenobitaperlatusH. Milne Edwards,1837
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CoenobitapurpureusStimpson,1858
Coenobitascaevola (Forskål,1775)
Coenobitavariabilis McCulloch,1909
CryptolithodesexpansusMiers,1879

Dardanusmegistos(Herbst,1804)
DardanusrobustusAsakura,2006
DardanussetiferH. Milne Edwards,1836
DardanusumbellaAsakura,2006
DecaphyllusbarunajayaMcLaughlin,1997
DiogenesbrevirostrisStimpson,1858
Diogenesedwardsii (DeHaan,1849)
DiogenesnitidimanusTerao,1913
DiogenespataeAsakura& Godwin,2006

EnneopagurusgarciagomeziMcLaughlin,1997
EnneophyllusspinirostrisMcLaughlin,1997
EumunidaannulosadeSaintLaurent& Macpherson,1990
Eumunidacapillata deSaintLaurent& Macpherson,1990
EmeritabenedictiSchmitt,1935
EmeritaholthuisiSankolli, 1965
Emeritatalpoida(Say, 1817)

Forestopagurusdrachi (Forest,1966)

Galatheain�ata Potts,1915
Galatheasquamifera Leach,1814
Gastroptychusaf�nis (Chace,1942)

Hapalogasterdentata(DeHaan,1849)
HippaadactylaFabricius,1787
Hippapaci�ca (Dana,1852)
Hippa truncatifrons(Miers,1878)
Hydractinia sodalisStimpson,1858

Ilyanassaobsoleta(Say, 1822)

Kiwa hirsuta Macpherson,Jones& Segonzac,2005

LepidopabenedictiSchmitt,1935
LithodesaequispinusBenedict,1895
Lithodessantolla (Molina, 1782)
Lomishirta (Lamarck,1818)
Lopholithodesmandtii Brandt,1848
Lopholithodesforaminatus(Stimpson,1859)
Lophomastixjaponica(Duru�é, 1889)

Michelopaguruslimatulus(Henderson,1888)
Micropagurusacantholepis(Stimpson,1858)
Micropaguruspolynesiensis(Nobili, 1906)
Micropagurus spinimanusAsakura,2005
Munidagregaria (Fabricius,1793)
Munidairr asaA. Milne-Edwards,1880
MunidaquadrispinosaBenedict,1902
Munidarugosa(Fabricius,1775)
MunidopsispolymorphaKoelbel,1892

© 2012 Koninklijke Brill NV



314 C. C.TUDGE,A. ASAKURA & S.T. AHYONG

Munidopsisserricornis(Lovén,1852)
MunidopsistridentatusEsmark,1857

Nematopaguroidesfagei Forest& deSaintLaurent,1968

Oedignathusinermis(Stimpson,1860)
OstraconotusspatulipesA. Milne-Edwards,1880

Paralomishystrix(De Haan,1846)
Paguristesdigitalis Stimpson,1858
Paguristeseremita(Linnaeus,1767)
PaguristessquamosusMcCulloch,1913
Pagurixusboninensis(Melin, 1939)
PagurodesinarmatusHenderson,1888
PagurojacquesiapolymorphadeSaintLaurent& McLaughlin,2000
Pagurusbernhardus(Linnaeus,1758)
Pagurusconstans(Stimpson,1858)
PaguruscuanensisBell, 1845
Pagurus�lholi (DeMan,1887)
Pagurusgracilipes(Stimpson,1858)
Pagurushirsutiusculus(Dana,1851)
PagurusinsulaeAsakura,1991
PaguruslongicarpusSay, 1817
PagurusminutusHess,1865
Paralithodesbrevipes(H. Milne Edwards& Lucas,1841)
Paralithodescamtschaticus(Tilesius,1815)
Paralithodesplatypus(Brandt,1850)
Paralomisgranulosa(Jacquinot,1847)
Parapylochelesscorpio(Alcock, 1894)
Petrolistheselongatus(H. Milne Edwards,1837)
Pisidia inequalis(Heller, 1861)
Pleuroncodesmonodon(H. Milne Edwards,1837)
PleuroncodesplanipesStimpson,1860
Pomatochelesjeffreysii Miers,1879
Porcellanaplatycheles(Pennant,1777)
PorcellanopagurustridentatusWhitelegge,1900
Probeebeimirabilis Boone,1926
Pseudopaguristesbicolor Asakura& Kosuge,2004
PseudopaguristesbollandiAsakura& McLaughlin,2003
Pseudopaguristesshidarai Asakura,2004
PylochelesmortenseniiBoas,1926
PylopaguropsisfuruseiAsakura,2000

Solenopaguruslineatus(Wass,1963)
SolitariopagurustriprobolusPoupin& McLaughlin,1996
SolitariopagurustuerkayiMcLaughlin,1997
Strigopagurusstrigimanus(White,1847)

TarrasopagurusrostrodenticulatusMcLaughlin,1997
TiseagrandisForest& Morgan,1991
TrizochelescaledonicusForest,1987
Trichopagurustrichophthalmus(Forest,1954)
TurleaniamultispinaMcLaughlin,1997
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TylaspisanomalaHenderson,1885
TyphlopagurusforestideSaintLaurent,1972

Uroptychusspinirostris(Ahyong& Poore,2004)

XylopaguruscaledonicusForest,1997
XylopagurusrectusA. Milne-Edwards,1880
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