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CHAPTER70

INFRAORDERANOMURA MACLEAY, 1838)
BY

CHRISTOPHERC. TUDGE, AKIRA ASAKURA AND SHANET. AHYONG

Contents= Intr oduction and debnition— Remarks- Diagnosis External morphology — General
habitus— Cephalothorax Pleon— Appendagednter nal morphology— Muscles— Nervoussystem
— Senseorgans— Digestive system— Circulatory system— Excretorysystem— Genital apparatus
andreproduction- Endocrinesystem.Development and larvae — Paguroideaand Lithodoidea—
GalatheoideandChirostyloidea- Aegloidea— Hippoidea.Ecologyand ethology— Ecologicaldis-
tribution — Shell and other objectuse— Symbiotic association- Parasites- Predators- Ethology
Economicimportance — Paguroidea- Lithodoidea— GalatheoideaPhylogeny and biogeograpty
— Phylogery — BiogeographySystematicclassi cation. Appendix. Acknowledgements Bibliog-
raphy.

INTRODUCTION AND DEFINITION
Remarks

Anomura, of all the decapodinfraorders,hashad a particularly unstabletaxonomic
history, with groupssuchasthe dromiacearcrabsandthe thalassinidearshrimpsbeing
variouslyincludedandexcludedover theyears(seereviews by Martin & Davis, 2001and
McLaughlinetal., 2007a).The namefor the group (AnomalaversusAnomura)hasalso
beenvigorouslydebatedMcLaughlin & Holthuis, 1985).Most classi cationsrecognize
three major groupings: Galatheoidegsquatlobstersand porcelain crabs), Paguroidea
(symmetricandasymmetricahermitcrabsandking crabs)andHippoidea(molecrabs),
but with other smaller independenfgroups (e.g., Lomisoidea, Aegloidea, Kiwaoidea)
adding to the incredible morphologicaldiversity More recently the classi cation of
the sguat lobsterswas revised to recognize Galatheoidearestrictedto Galatheidae,
Munididae,andMunidopsidae)andChirostyloidegfor Chirostylidae,Eumunididaeand

1) Manuscriptconcludedl9 June2010;revised DecembeR010.
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222 C.C.TUDGE,A. ASAKURA & S.T. AHYONG

Kiwaidae)Ahyongetal.,2010;Schnabek Ahyong,2010).Themonoplyly of Anomura
is now well establishedasis its sistergroup relationshipto the infraorderBrachyura
(the truecrabs);togetherforming the Meiura of Scholtz& Richter (1995). Anomura,as
currently conceved, comprises/ superfamilies, 20 families, over 200 genera,and 2200
species.

Unlike the more specioseBractyura, the fossil record for Anomurahasbeenlimited
(Burkenroad,1963; Glaessnerl969),andit hasonly beenin the last decadethat their
known fossil occurrencénasreally beenexpandedoothin time andin diversity Theoldest
known anomuranPlatykotta akaina Chablais,Feldmann& Schweitzer2010 (Platykot-
tidae),is of UpperTriassicage,but uncertainsuperamilial af nities. Otherknown fossil
anomuranspanthe following ranges:Aegloideafrom Early to Late Cretaceougmarine)
(Feldmann]1984;Feldmanretal., 1998); Galatheoide&rom the Lower Jurassido Pleis-
tocene(Glaessnerl969; Schweitzer& Feldmann2000,2005;De Angeli & Garassino,
2002);Hippoideafrom Middle andLate EocengBoyko, 2002);Paguroidedrom Jurassic
to Oligoceng(Glaessnerl969;Feldmann& Keyes,1992;Karasava, 2002;Fraaije,2003;
Schweitzeetal.,2005;Jagtetal.,2006;VanBakel etal.,2008);andLithodoideafrom the
Miocene(Feldmann1998).No fossilsof Lomisoideaareknown at presentandthe old-
estchirostyloidis of Cretaceousge(Schweitzer& Feldmann2000).All of thesefossil
occurrencegreyoungerthanthe recentlyproposediivergencetimesfor Anomura(Car
boniferous350-300mya) and somesubcladegPermian-Tiassic250 mya) inferredfrom
moleculardata(Porteretal., 2005).

Diagnosis

Carapaceariablein shape notfusedto epistomegpistomeprotectedy sidesof cara-
pace;eyes well-developed,stalked, compound;antennulaewith peduncle3-segmented,
agella usuallypaired;antennapedunclewith 5 (sometime$) or fewer segmentsgxopod
reducedo acicle, agellum variablein length;maxillipedsusuallypediform,exopodusu-
ally with agellum, cristadentatausuallywell developed; rst pereiopodusuallychelate;
secondandthird, and often fourth pereiopodsamtulatory; fourth pereiopodsometimes
chelateor subchelate;fth pereiopodusuallychelateor subchelatemale fth pereiopod
sometimesvith sexual tubes;eighththoracomeréooselyconnectedo sevenththoracom-
ere;pleopodsarely well-developed,often reducedor presentonly on oneside; rst and
secondleopodoftenmodi ed asgonopodsn bothsexes;uropodsoftenreducedbr mod-
i ed, occasionallyabsenturopodalexopodwithout suture;telsonoccasionallyreducecdor
absent;rst pleomerdnnenationfrom ganglionattachedo thoracicganglionicmasq af-
ter Davie, 2002;Poore 2004].

EXTERNAL MORPHOLOGY
Generalhabitus

Anomuraexhibit a greatdiversity in body form. In the asymmetricalhermit crabs
(Paguroidea PaguridaePiogenidaeCoenobitidaeParapaguridaeandPylojacquesidae),
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INFRAORDERANOMURA 223

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

Lithodoideagenerallypresent crab-like (carcinized) bodyform, in which thepleonis
mostlyfoldedbeneaththecephalothorax g. 70.2A-C).Thepleonis symmetricain male
lithodoids,asymmetricain females.

Membersof Galatheoideaand 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 temgites 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
cephalothoraxs strongly attened and the pleon is almost fully folded beneaththe
cephalothoraxandnotvisible from the dorsabspec{ gs. 70.3F 70.19A).

TheendemicSouthAmericanfreshwatergroupAegloideagenerallyresemblegalathe-
oids in body form (where they were originally placed),but have shorterchelaeand
a rounder posteriorend (g. 70.3A). The pleon is well developed, elongated, and
symmetricalandis carriedpartially underthe cephalothoraxyith 3 or 4 pleonitesvisible
dorsally;the tergitesand moststernitesare strongly calci ed (seeMartin & Abele, 1988
for review of agylid externalmorphology).

Lomisoideais representethy only onespeciesl.omishirta (Lamarck,1818),andthe
generalappearancés super cially very similar to porcelaincrabsor somelithodoidsin
which the pleonis almostcompletelyfolded beneaththe cephalothoraX g. 70.3B) (see
McLaughlin,1983a).

The almost universal burrowing habit of Hippoidea has presumablyplaced some
restrictionon the somaticmorphologyin this group, but albuneidsand blepharipodids
shav a generallycrab-like body form (similar to braclyuranraninids)with their walking
legs visible dorsally while the hippidsare moreelongate,oval in outline,andall of their
limbs canbetuckedunderthebodyto beinvisible in dorsal viev ( g. 70.4A-D).

Cephalothorax

The cephalothorax consistsof a headwith ve cephalic somitesbearingantennulae,
antennaemandibles,maxillules, and maxillae, plus three thoracomeres bearing rst
through third maxillipeds, and a thorax with ve somites bearing rst through fth
pereiopodsAll of thesesomitesare completelyfusedso that the segmentationis not
immediatelyrecognizedxternally. Thecephalothorais entirelycoveredby thecarapace
in all anomurartaxa,but the degreeof calcibcationvariesin hermitcrabs.

The cephalothoraxs ventrally representedby a seriesof stemal plates(g. 70.5G).
The sternal platesin Galatheoideand Chirostyloideaare broadand termedthe stemal
plastron (fusedfourthto seventhsternites)In Galatheoideaheeighthsterniteis calci ed
and articulateswith the sternal plastron.In Chirostyloideathe eighth sterniteis absent.
Theventralpartsof theantennulaandantennakomitesform the epistome which mayor
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224 C.C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.1. 2) Generalhabitus (dorsal) of Paguroidea.A, Trizocheles caledonicusForest, 1987
(Pylochelidae)B, Pomatodelesjeffreysii Miers, 1879 (Pylochelidae)C, PagurusinsulaeAsakura,
1991 (Paguridae)D, XylopagurusrectusA. Milne-Edwards,1880(Paguridae)E, Solitariopagurus
triprobolus Poupin & McLaughlin, 1996 (Paguridae);F, Tiseagrandis Forest& Morgan, 1991
(Diogenidae)G, Birguslatro (Linnaeus1767)(Coenobitidae)H, Probeebemirabilis Boone, 1926
(Parapaguridae)l, TylaspisanomalaHenderson 1885 (Parapaguridae)A, B, D, E, F, H, |, after
Asakura,2003;C, photoby Akira Asakura;G, after Alcock, 1905.]
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INFRAORDERANOMURA 225

Fig. 70.2. Generalhabitusof Lithodoidea.A, Paralomis multisping B, Hapalogasterdentata(De
Haan,1849);C, CryptolithodesexpansudMiers, 1879.A, B, dorsal;C, ventral.[A, photoby Akira
Asakura;B, afterKamita,1956;C, afterMakaro/, 1938.]

may not befusedinto a single plateandis sometimegprovidedwith a spine,theepistome
spine (g. 70.5D) (Sandbey & McLaughlin, 1998).In Parapaguridaea single Olabral
spineQis provided on the anteriorportion of the labrum that is generallyfusedto the
epistomd g. 70.5D)(Lemaitre,1989).Theophthalmic sternite is generallymembranous
andunarmedput in Diogenes(Diogenidae)a rostriformprocesstheintercalary rostral
processis developed( g. 70.5A-C).

Thereis some debateconcerningthe validity of an ocular stemite, i.e., whetherthe
ocular pedunclescould or could not be interpretedasappendagesf a true segment(cf.
Mayrat& deSaintLaurent,1996).Theocularpedunclevasatonepointthoughtto be2 or
3indistinguishablessgments(Pawer, 1969).1n this chapterthough,we regardthe ocular
pedunclessnot beingappendage$pllowing McLaughlin(1980,1983c).In Paguroidea,
theocularpedunclés providedbasallywith asmall, calci ed platereferredto asanocular
acicle or in somegeneraof Pylochelidaeanocular plate or basalocular piece(Forest,
1987a;Forestet al., 2000). The ocular acicle is reducedor absentin Lithodoidea,and
absenin GalatheoideandChirostyloidea.

In Albuneidaeand Blepharipodidae the ocular pedunclesare composedof three
segmentshut lack ocular acicles(Boyko, 2002). The proximal segmentsare fused to
form the ocular plate. The medianpedunclesegmentsare either a pair of small, free,
calci ed elementspr arefusedto the ocularplate. The distal pedunclesegmentscontain
the corneas In Blepharipoda the apparentdivision of the distal pedunclesegmentis
recognized( g. 70.9B). However, this is not a true segmentation,but is only a weak
calci cation separatinghe seggmentinto two pseudo-segmentgBoyko, 2002).

PAGUROIDEA

The dorsalsurfaceof the carapaces generallyvery at, but speciesn severalgenera
including Pylochelesand Cheimplateain Pylochelidae Pylopagurus and Xylopagurus

2y In this captionwith habitus gures, all authoritiesanddatesof speciesnamesaregiven,whereas
in subsequentaptionsonly namesat rst mentionareprovidedwith authoranddate;all authorsand
datescanbe seenin the Appendixwith the namesof generaandspeciesalphabeticallyarranged.
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226 C.C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.3.Generahabitus(dorsal)of variousAnomura.A, Aegla schmitti Hobbs,1979(Aegloidea,

Aeglidae); B, Lomishirta (Lomisoidea,Lomisidae);C, Gastoptydusafnis (Chace,1942)(Chi-

rostyloidea Chirostylidae).D, Kiwa hirsuta MacphersonJones& Segonzac2005(Chirostyloidea,

Kiwaidae);E, Munida quadrispina(GalatheoideaMunididae);F, Pisidia inequalis(Heller, 1861)

(GalatheoideaPorcellanidae)[A, after Martin & Abele,1988;B, after McLaughlin,1983;C, af-

ter Chace,1942;D, basedon Macphersoret al., 2005; E, after Benedict,1902;F, after Werding&
Hiller, 2007.]

in Paguridae and Cancellusin Diogenidaehase amore convex, subgylindrical carapace
(g. 70.6A-C).Usually the carapaces calci ed only in the anteriorpart, referredto as
theshield (= gastric region, Pilgrim, 1973;gastric carapace Sandbeg & McLaughlin,
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INFRAORDERANOMURA 227

Fig. 70.4. Generalhabitusof Hippoidea.A, Lophomastixaponica (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 Sandbey & McLaughlin, 1998)
(g. 70.6C).

Theanteriordorsalsurfaceof theshieldis providedwith arostrum andapair of lateral
projections, or a post antennal sping on the anteriormamgin. The rostrumis generally
more or lessreduced,but exceptionsare speciesof Labidodirus, Porcellanopaurus
and Solitariopagurus in Paguridae,and Probeebeiin Parapaguridaethat have a well-
developedrostrum(g. 70.6D-E).The rostrumis absentin speciesof Pylocheles and,
instead a medianconcaity is provided on the anteriormamgin of the shield( g. 70.6B).
The lateralprojectionsareusuallysmallin speciesof Diogenidaeand Parapaguridaand
mostspecief Paguridaebut they arelargein PorcellanopaurusandSolitariopagurus
A pair of groovesfrom eachposterolateramargin to the anteriorportion of the shield
aresometimegecognizedandreferredto aslinea-d (Pilgrim, 1973;Lemaitre,1995).The
linea-dis exceptionallylongin Xylopagurus(Paguridaejpndreachesheanteriormaigin of
the shield (Lemaitre,1995).A pair of post-gastric pits andsometimes y-shapedyroove
calledY-linea, in particularin specief Diogenidaecanalsobe recognizedosteriorly
ontheshield. Theshield is delineatedosteriorlyandlaterally by the cervical groove and
separategbosteriorlyfrom the posteriorcarapacdy a narrav, usuallyuncalci ed hinge,
thelinea transversalis

A pairof calcibedregionsis mostoftenrecognizedn eithersideof the posteriommar
gin of the shield.Lemaitre(1995)designatedhis structurethe “accessonportion” in his
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228 C.C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.5.Cephalothoraxf PaguroideaA-C, intercalaryrostralprocesof Diogenes (Diogenidae):
A, serrate;B, vestigial; C, simple; D, anterior portion of Parapaguridaeeps, epistome;eps-sp,
epistomialspine; b, labrum;Ib-sp, labral spine; E, corneaswithout pigmentation,Cheimoplatea
laticaudatg F, ocularpedunclesvithout visible corneas;Typhlopayurusforesti G, ventralview of

cephalothoraxPseudopguristesbollandi Asakura& McLaughlin, 2003:anl, anterorlobe;co-ch,
coxaof cheliped;co-p2to co-p5,coxaeof secondto fth pereiopodpl-1, rst pleopod;pl-2, second
pleopod;pol, posteriofobe; t, sternite;st-ch, sterniteof chelipedsst-p2to st-p5, sterniteof second
to fth pereiopod[A-C, illust. by Akira Asakura,D, afterLemaitre 1989;E, F, after Asakura2003;

G, afterAsakura& McLaughlin,2003.]
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INFRAORDERANOMURA 229

Fig. 70.6. Carapacddorsal)of PaguroideaandLithodoidea.A, Trizocheles(Pylochelidae)B, Py-
locheles(Pylochelidae)C, Calcinus(Diogenidae);D, Porcellanopaurus (Paguridae)E, Solitari-
opagurus (Paguridae);F, diagrammatidithodid. AbbreviationsA-E: acl,anteriorcarapacdobe 1;
ac2,anteriorcarapacéobe2; ac3,anteriorcarapacéobe 3; adp,anterodorsgplate;al, antennulean,
antennagg, cervicalgroove; cll, carapacéaterallobe;cor, corneags,cardiacsulcus;gs,postgastric
pit; la, lineaanomuricajd, linea-d;Ip, lateralprojection;lt, lineatrans\ersalis;op, ocularpeduncle;
opl, ocularplate(= basalocularpiece);optp,outerpterygostomiaplate;pc, posteriorcarapacepcl,
posteriorcarapacdateral lobe (element);pcme, posteriorcarapacanedianelement;plp, postero-
lateral plate; pmp, postero-mediamplate; pop, post-ocularmprojection; ptl, pterygostomialobes;r,
rostrum;s, shield; scb, sulcus cardiobranchialissv, sulcusverticalis;yl, Y-linea. AbbreviationsF:
arp, anteriorrostral projection; b, branchialregion; c, cardiacregions; drs, dorsalrostral spine;g,
gastricregion; h, hepaticregion; i, intestinalregion. [A, B, after Forest,1987a;C, illust. by Akira
Asakura;D, E, afterMcLaughlin,2000;F, after Sandbeg & McLaughlin,1998.]

review of Xylopagurus presumablydelineatedanteriorly by the anteriorprolongation of
thecervicalgroove andposteriorlyby thelineatrans\ersalis. This structureis incorporated
into specieslescriptionsasOaccessorportion of the shieldO(McLaughlin& Lemaitre,
2001).Althoughthereis ongoingdebateconcerningnterpretatiorof this structure,a sim-
ilar structurefoundin Porcellanopayurusand Solitariopagurusis referredto asthe pos-

© 2012 Koninklijke Brill NV



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

Fig. 70.7. Galatheoideaand Chirostyloidea,anterior carapaceforms. A-C, Chirostyloidea;D-

F, GalatheoideaAbbreviations: als, anterolateralspine; r, rostrum; 0os, outerorbital spine; ss,

supraoculaspine. [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 Bythiopayurusasthe
carapacelateral lobe (McLaughlin,2003).McLaughlin considerghis structurein these
threegeneraaspartof the posteriorcarapacendnot asaccessorpartsof the shield (an-
terior carapace)Similarly, the calci ed platebetweerthe posteriorcarapacdaterallobes
in Porcellanopa@urusandSolitariopagurusis calledthe posterior carapacemedian ele-
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INFRAORDERANOMURA 231

ment (McLaughlin,2003),andis not partof the lineatrans\ersalisbut a structureon the
posteriorcarapaceposteriorto thelineatrans\ersalis.

On the posterior carapacethree 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 eachside of the carapace
representshe 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 the postero-mediaplate,is oftenweaklycalci ed andeachis borderedaterally
by the sulcuscardiobranchialisThe entire posteriorcarapacas well calci ed in several
generajncluding Tisea (Diogenidae) Birgus(Coenobitidae)Dstraconotusin Paguridae,
andTylaspisandProbeebe{Parapaguridae).

The lateralbranchialregionsof the carapacerethe branchiostegites separatedrom
the otherportion of the carapacéy thelineaanomuricaThebranchiostgitesareusually
thin and membranous but they are well calci ed in Birgus The branchiostgites are
anteriorlyproducedasthe pterygostomial lobes(Boas,1880),andthe upperportionsare
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
anterodorsaplateis ofteninterruptedby a moreor lesscalci ed vertical sulcus,referred
to assulcusverticalis (Boas,1926;Pilgrim, 1973).

Gills of Paguroideaarephyllobranchiate ( g. 70.8A-H).In somespecieof Paguroi-
dea,suchassomeparapaguricpeciesthe gills weredescribedasOtrichobranchiateGor
“intermediate”betweentrichobranchs and phyllobranchs (Lemaitre,1989). However,
McLaughlin & de SaintLaurent(1998) have shown that all thosebranchsare actually
phyllobranchs.In true trichobranchiataills, the gill elementsare tubular and are equal
or unequal,but insertedin orderor disorder aroundthe axis. In contrast,the elements
of phyllobranchiategills almostalways areinsertedbiserially in regular pairsalongthe
rachis(g. 70.8F).The quadriserialappearinggills of certainspeciesof Pylochelidae,
Parapaguridaeand Paguridaeare insertedbiserially on the rachis, but the lamella of
eachpair is divided, equally or unequally giving a “trichobranch” or “intermediate”
appearancég. 70.8G,H). Thegill numbervariesfrom 9 to 13 pairs. The gills consist
of arthr obranchs arisingon thearthrodialmembranéetweernhe coxaof the pereiopod
(thoracicappendagesandthe body wall (pleuralplate),and pleurobranchs, developed
from the body wall above the baseof the appendagesg. 70.8A, B, D). Typically, the
arthrobranchsre presentin pairson eitherside of the third maxillipeds,chelipedsand
secondhroughfourth pereiopodsandthe 1-3 pleurobranchs.

LITHODOIDEA

Thelithodoid crabsdifferappreciablyn cephalothorakorm fromtheabose-mentioned
hermit crabfamilies (Macpherson1988; Sandbeg & McLaughlin, 1998). Most species
have the cephalothoraxcoveredby a well-calci ed, vaulted carapacethatis generally
pentagonabr pyriform (gs. 70.2,70.6F).The dorsalfaceof the carapacas generally
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232 C.C.TUDGE,A. ASAKURA & S.T. AHYONG

Fig. 70.8.Gills of Paguroideadiagrammatigagurid,depictingarrangementsf gills. A, left lateral
view; B, D, pleuralplateandproximal portionsof third maxillipeds,chelipedsandsecondthrough
fourth pereiopodsjndicating position of gills; C, gill with narrov 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, posteriorcarapacepl-b, position of
pleurobanchiatgill; pln, pleon;pl-p, pleuralplate; pr-1 to pr-5, pereiopodl through5; s, shield;
scph,scaphoceritdlllustration by Akira Asakura.]
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INFRAORDERANOMURA 233

divisible into a seriesof regionsthataredelineatedy a seriesof carapacegrooves The
smallareagosteriorto theocularpeduncleandto theantennarecalledtheorbital region
andtheantennalregion respectrely. An anteromediaportionof thecarapaceincluding
therostrumandanareaimmediatelyposterioris thefr ontal region Theareaposteriorto

thefrontalregionis thegastric region andtheareaposteriorto thisis thecardiac region

A small areaposteriorto the cardiacregion is the intestinal region The lateralportions
overlying the branchiae arereferredto asthe branchial regions and areasanteriorto

theseare the hepatic regions An oblique and trans\ersegroove, the cervical groowe,

separateshe gastric region from the branchialand cardiacregions, curving anteriorly
toward the antennakegion. A short groove delineatingthe posterioredgeof the hepatic
regionis the hepatic groowe, separatingt from the branchialregion.

Thesecarapaceegionstypically bearspinesor granules of varioussizes( g. 70.6F).
Spineson the antennal branchial,cardiac,gastric, and intestinalregions are referredto
asantennalpranchial cardiac,gastric,andintestinalspines respectiely. Therostrum is
well developedandoftenvery prominent.The branchiostegitesarewell calci ed.

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

GALATHEOIDEA AND CHIROSTYLOIDEA

The carapace in Galatheoideds generallydorsoventrally Rattened to somevhat
subcylindrical (gs. 70.3E,70.17A). The regions are partially indicated. The cervical
and postcewical grooves are usually well marked. The cervical groove is arcuateand
the postcervicalgroove almost trans\erse; they coalescemedially The cardiac and
intestinal regions lie posteriorto the cervical groove and are demarcatedirom the
branchialregionsby a shallow groove. Therostrum exhibits a wide rangeof formsfrom
spiniform,e.g.,Munida Agononida Cervimunida(Munididae) to broadlytriangulare.g.,
GalatheaPhylladiorhyntus(Galatheidae)MunidopsigMunidopsidae)or truncateg.g.,
Heteonida (Munididae) (gs. 70.7D-F 70.17A).In Munididae,the rostrumis usually
styliform and anked on either side by a supraocularspine producing a tridentate
appearancé¢ gs. 70.7F 70.17A). The orbits in galatheoidsare shallow andill-de ned
(GalatheidaePorcellanidaeMunididae),or absenin thosegenerawith degenerateeyes
suchas Shinkaia Munidopsis and Galacantha(Munidopsidae)ln munidopsidsa spine
or projection(antennal spin€) ontheanteriorcarapacenargin anking theeye (abosethe
antennapedunclemaybe presen{Baba,2005).This ‘antennakpine’, however, appears
to betheremnantof the outerorbit andis probablybettertermedthe outer orbital spine
(g. 70.7D,E), asin Bractyura, with which it appeargo be homologousCertainly, the
OantennakpineGn munidopsidsdoesnot appearto be homologouswith the antennal
spineof carideangindastacideangpr instancewhichliesontheanteriorcarapacenamgin
distal from the outer orbital spine (termedsuborbital in Carideaand Astacidea).The
anterolateramargin of the carapaces typically armedwith a spine or tooth, exceptin
somespecie®f Munidopsisin which the anterolaterahngleof the carapac&anbe blunt
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or rounded.The dorsalsurface of the carapacds variously setoseand spiry, and may
be trans\erselygrooved or ridged, e.g., GalatheidaeMunididae,someMunidopsidaepr

tuberculatesmooth,or scabrousMunidopsidaeMost galatheoiddearoneor morepairs
of epigastric spines The lateralmaigins of the carapaceare usuallyde ned by a series
of tuberclesor spines,mostprominentand numerousn the anteriorhalf. The posterior
maugin of thecarapacés de ned by alow ridge,which maybearsmallspines.As in other
Anomura,the linea anomurica demarcates well-calci ed branchiostegite Thelateral
surfaceof thebranchiostgiteis usuallylongitudinallycarinateor grooved,andtheanterior
mamgin usuallybearsa spine;a shallowv V-shapednotch betweenthe anteriormagin of

the branchiostgite andanterolateratornerpartially accommodatethe lateralmagin of

theantennapeduncle.

The structure of the carapacean Porcellanidads in mary respectsvery similar to
that of other galatheoids,especiallyGalatheidae put the carapacels more distinctly
Rattened andgenerallybroadly ovate ( gs. 70.3F 70.19A) (thoughit may be eloncate
asin Pseudopazellanellaor Eucemamug. The regionsare very weakly de ned, usually
with only the position of the cervical groove indicated on the central portion of the
carapaceThe rostrum rangesfrom absent(Pachydeleg to prominentand multilobate
(Lissopocellang), but is typically broadlytriangular As in galatheidsthe outermaigin of
the orbit is usuallyindicatedby a small tooth or projection.The carapacesurfaceusually
bearsweak,arcuatestriae andthe lateralmagins may or may not bearsmall spinesand
tuberclesThebranchiostgite rangedrom a singlewell-calci ed unit to beingsubdvided
into multiple calci ed elements.Thereis usually a deepV-shapednotch betweenthe
anteriormamin of thebranchiostgite andanterolateratorner throughwhich theantennal
peduncleprotrudes.

Gills of GalatheoideandChirostyloideaarephyllobranchiaten the following combi-
nation:podobranchsabsentfour pleurobranchs(oneeachonthe rst to fth thoracom-
ere),10 arthr obranchs (two eachon the third maxilliped to the fourth pereiopod) Gills
in Porcellanidaaresimilar in structureandnumberto thoseof othergalatheoidsut differ
in the arthrobranctcombination(oneeachon the secondandthird maxillipeds,two each
onthe rst four pereiopods).

Asin Galatheoideahecarapacein Chirostyloideds well calci ed, typically elongate,
and attened to subglindrical; it is variouslyornamentedor not) with setaetrans\erse
grooves,tuberclesscalesor spines gs. 70.3C,70.18A,B).

In ChirostylidaesandEumunididaethe cervicalandpostcervicagroovesmeetmedially
and are evident to varying degreesin most generathoughthey may be nearobsolete
in the chirostylids,Uroptycdusand Uroptychodes The cardiacregion may be evidentin
Gastioptydusand Chirostylus but is not visible in othergeneraOthercarapaceegions
are not indicated. The rostrum is well developed (exceptin Chirostylug and ranges
from spiniform, e.g., Eumunididae Gastoptydus (Chirostylidae)and somespeciesof
Uroptydus(Chirostylidae) to broadlytriangular e.g.,mary specief Uroptydius( gs.
70.7A-C, 70.18A, B). Additionally, in Eumunididae,supraocular spines are present
(two pairsin Eumunidaand onepair in Pseudomunida The orbits in chirostylidsand
eumunididsare shallow and poorly developed(suchthat the eyes are unableto retract)
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or absentasin Chirostylusand Hapaloptyx(g. 70.7C).The outerlimits of the orbits,
when present,are usually de ned by a small spine. The anterolateralngleis usually
alsoarmed.The dorsalsurface of the carapacds variously setoseand spiry, and may
be trans\ersely striated, tuberculate,smooth,or scabrous.The dorsumis trans\ersely
striatedin Eumunidaandin Chirostylidaespinousg.g.,GastoptydusandChirostylus or
smoothto ginous,e.g.,Uroptydiusand Uroptydiodes In mostgeneraof Chirostylidae,
oneof more pairs of epigastric spinesor tuberclesmay be presenton the carapaceThe
lateralmagins of the carapaceftenarede ned by spinesor tuberclesandthe posterior
maugin is usuallydistinctly concare andtypically without a low ridge. The posterolateral
maugin in mostchirostylidsis roundedo obtuselyangularIn ChirostylusandHapaloptyx
however, the posterolateratarapacemargin is deeplyexcavated. The linea anomurica
demarcates well-calci ed branchiostegite The lateral surface of the branchiostgite
is usually smoothandthe anteriormaigin usually bearsa spine.Unlike the chirostylids
and eumunidids,the carapaceof kiwaids is longitudinally cordate,well calci ed, and
attened (gs. 70.3D, 70.20A). The dorsalsurfaceis smoothand sparselysetose.The
cervicalandpostcervicagroovesareshallov but distinct,anddo not meetmedially asin
ChirostylidaeandEumunididaeThecardiacregionis smallandtriangular demarcatedy
shallav grooves.The branchialregionsmeetmedially but areseparatedby a longitudinal
groove. The intestinalregion is short,wide, triangular and separatedrom the branchial
regions by shallov grooves. The rostrumis well developedas a broad,triangular plate
ank edby asmall supraoculaspine.Theorbitsareabsentconsistentvith thedegenerate
eyes.Thelateralmagins of the carapacearecristateandunarmedThelinea anomurica
demarcatea well-calci ed branchiostegitethatis sparselygranularon its anteriorhalf,
andlongitudinally carinateposteriorly;the anteriormargin is rounded.

AEGLOIDEA

The carapaceshapes a uniquefeatureof the aegglids but considerablevariationexists
betweernthe mary species(Martin & Abele,1988;Bond-Buckup& Buckup,1994).The
carapace which may be smooth, nely granulatepr coveredwith setalpunctuationsis
dorso-entrallydepressednddorsallydivided by adistinctcervical groove into anarrov
anteriorregion andawider posteriorregion ( gs. 70.3A,70.21A).Theanteriorregion has
alarge, triangular pointedrostrum, which canbe carinateor not. Lateralto the rostrum,
on eachside,is ananteriorlydirectedorbital spine andthenalargeranterolateral spine,
de ning the orbital and extraorbital sinus, respectiely. The lateraledgesof the anterior
carapaceaegion have threehepaticlobes,eachde ned by a short, corneousspine.The
ventralpartof the anteriorcarapaceegion is divided into an anteriorsubrostralareaand
a more posteriorsubhepatiaegion, and eachportion is further subdivided by sutures
(linea€). The posteriorcarapaceaegion is dorsally separatednto seven distinctregions
by suturesLaterallytherearetheinterior, anterior andposteriorbranchialareaswhile in
the centeris a roughly rectangulaicardiacregion with a raised,usually punctate areola
Thereis a prominentspine,the epibranchiatooth, presentat the anteriorlateral edgeof
the posteriorcarapaceegion. The ventralportion of the posteriorcarapaceegion is also
similarly subdividedinto a seriesof platesby comple sutures.
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The ocular pedunclesare generallyshortandbroad,with in ated, highly pigmented
corneaq g. 70.21A).Oneexceptionto thisis thetr oglobitic species Aggla cavernicola
Tiarkay 1972 ,wherethe corneas reducedandtheocularpedunclegaperdistally. Aeglids
have 13 pairs of large foliaceousgills, which appearto be a hybrid conditionbetween
phyllobranch proximally andtrichobranch distally.

LOMISOIDEA

The carapace is basically triangular in shapewith the apex being more rounded
nearthe eyes( gs. 70.3B,70.22A,B). The entire carapaceas coveredwith densesetal
punctuations, obscuringmost underlying detail. Sometimeshe cardiacand branchial
suturescan be distinguished.Thereare no olvious 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 carapaceThe ocular pedunclesare broad,
setosedorsorentrally attened,andextendednto bluntanteriorprojectiondorwardof the
reducedateralcorneas OcularaciclesareabsentLomishasl4 pairsof trichobranchiate
gills.

HIPPOIDEA

In Blepharipodidaeand Albuneidae,the carapace is generally subrectangularthe
dorsalfaceof it is moderatelycorvex, andtheregionsareonly weaklyde ned ( g. 70.9A).
The setal beld a broadmat of very short, dense simple setaejs presenton the anterior
portion of the carapacgBoyko, 2002).The carapac@lsopossessesumeroudrans\erse,
setoseggrooves (carapacegroovesor CG), which canbeidenti ed as,at least,11 major
grooves(CG1-CG11). Themedianelemenbf CG1formstheposteriormargin of thesetal

eld. The metagstricregion containsthe short, anteriorCG2 andthe longer, posterior
CG3.CG4 spansthe width of the carapaceand marksthe borderof the metagstricand
mesog@stricregions.CG5 is a fairly short groove thatoccursmediallyin the mesogstric
region. CG6 correspondso the cervicalgroove in otherAnomura.CG7is usuallydivided
into two well-separatedateral fragments,but in some genera,CG7 meiges medially
with CG6. CG8 to CG11 are relatively short medial grooves arrangedanteriorly to

posteriorly in the cardiacregion (Boyko, 2002). The rostrum is reducedor absent.
The lateral projections,or post-antennaspines,vary from absentto strongly developed.
Somedeggree of decalci cation is obsened in the posteriorand/or ventral portions of

the branchiostegitesin Albuneg Lophomastix and Blepharipoda(cf. McLaughlin &

Lemaitre,1997).

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

Fig. 70.9. Carapaceand pleon of Hippoidea. A, Carapace,Albunea microps Miers, 1878;
B, ocular peduncles,Blepharipodaliberata Shen, 1949; C, same, Albunea microps D, rst-
sixth pleomeres, Lophomastix japonicg E, telson, Lophomastix japonica F, G, carapace,
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Hippa paci ca; H, Hippa adactylaFabricius,1787 with pleonfully extended;l, 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 pseudosgment; m-pedsg,medial peduncularsegment; oplt, ocular plate; p-psg, proximal
pseudosgment.D, H, I, J 1 to 6, (positionof) rst to sixth pleomerefe-go,femalegonoporesal,
antennuleg, carapacepl-1 to pl-3, rst to third pleopod;pleu, pleura;pns,penis;pr-1to pr-5, rst
to fth pereiopodiel, telson;urop,uropod.[A-E, after Boyko, 2002;F, G, after Boyko & Harwy,
1999;H, afterMiyake, 1982;1, J, afterKato& Suzuki,1992.]
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trans\ersegrooves andits lateral maigins sometimesheara submaginal row of small,
setoseits. Therostrumis reducedr absentOcularpedunclesreshortandslender

Accordingto onede nition of gills (McLaughlin& SaintLaurent,1998),the gills of
Albuneidaearephyllobranch,andthoseof Blepharipodidaaretruly trichobranchBoyko,
2002).

Pleon

The pleon consistsof six somitesplusatelson In mostliteratureon anomuransthis
structureis often referredto asthe “abdomen”.However, Schram& Koenemanr{2004)
recentlymore clearly de ned thesetermsin crustaceansThe “pleon” is consideredhe
region posteriorto the thorax,whendifferentiatecby a structurallydistinct setof limbs,
andis typically posteriorto the gonoporesndthe postulatedanteriormostexpressiorof
Abdominal-Bgene(seeSchram& Koenemann2004,for the de nition). The “pleon” is
theregion posteriorto atrunk thatlackslimbs, which is posteriorto the expressiorof the
Abd-B geneand exhibits no expressionof ary Hox genes.So, the posteriorregion in all
decapodsincludinganomuransis moreproperlytermedthepleon.

The telsonis generallymore or lessreducedin anomuransHowever, in galatheoids,
thetelsonmostoften,togethemith uropodsformsthetail fan.

PAGUROIDEA

In the symmetricalhermitcrabs,Pylochelidaethe pleonis straight andall thetergal
andstemal platesarewell calci ed andclearlydistinguishablg€Forest,1987)( gs. 70.1A,
B, 70.10A).However, in mostspeciesof the families Paguridae Diogenidae Coenobiti-
dae ParapaguridaggndPylojacquesidadhepleonis primarily softandmembranoué gs.
70.1C,E, F, 70.10B-D).It is dextrally twisted, but exceptionsareknown, suchasin Dis-
corsopgurus Orthopagurus EnneophyllusPylopagurus and Xylopagurusin Paguridae
(9. 70.1D),andTsungaipagurusn Parapaguridaayhich have astraightpleon.

The rst pleomere is small and its narrav stemite may be partially fused with
the last thoracomere. In the secondto fth pleomeresrudimentsof the platesappear
only asfaint cuticularthickeningsor trans\erse brils of connectve tissue(Sandbey &
McLaughlin, 1998; Forestet al., 2000). Exceptionsinclude Birgus (Coenobitidae)yand
Probeebe{Parapaguridaehothof which have stronglycalci ed tergal andsternalplates.
Thetemjite of the sixth pleomeres oftenwell calci ed andinterestingexamplesareseen
in the operculatesixth temite of Xylopagurus Discorsopayurus and Orthopagurus (cf.
Lemaitre,1995).

LITHODOIDEA

Thepleonis short,broad,moreor lesscalci ed, andfolded underneath the cephalo-
thorax(Sandbey & McLaughlin,1998)( g. 70.2A-C).The rst pleomerds reducedasin
otherhermitcrabfamilies.Theventralsurfacesof thesecondo fth pleomeresrealsoun-
calci ed. Tergal developmentin thesesomitesdiffersappreciablyandcanberepresented
by calci ed or membranouplates,referredto asmedian, lateral, andmarginal plates
Supplementalplates(median accessoryplates) aresometimeslevelopedadjacento the
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Fig. 70.10.Pleonof PaguroideaandLithodoidea A, CancellohelessculptipegMiyake, 1978)(Py-
lochelidae);B, Calcinuslaevimanus(Randall,1840) (Diogenidae)C, DardanusumbellaAsakura,
2006 (Diogenidae)D, Birguslatro (Coenobitidae)E, male of diagrammatidithodid; F, femaleof
diagrammatidithodid. A, B, D, dorsal;,C, dorsolateralleft; E, F, ventral. Abbreviations:1 through6,
(positionof) rst throughsixth pleomeregn, centralnodule;fmt, eshy membraneouprotuberance;
I-plt, lateralplate; m-plt, mamginal plate; T, telson;U, uropod.[A, after Miyake, 1978;B, after Al-
cock,1905;C, afterAsakura2006a;D, afterBorradaile 1916;E, F, after Sandbeg & McLaughlin,
1998.]

medianplate.In Hapalogstridaethetergitesof thethirdto fth somitesareentirelyuncal-
ci ed. In somegeneraof Lithodidae the medianplatesof the temitesof thethird to fth
somitesaresimilarly uncalci ed. Themaiginal platesmaybesubdivided into two or more
small plates Membranousreasand/orplatesmay be coeredwith calcareousnodules
(Sandbeg & McLaughlin,1998).

In females the plateson the right side are frequentlymore strongly developedthan
thoseonleft, resultingin anasymmetrical pleon ( g. 70.10F) althoughthisis notalways
ohviousin somegeneraln malestheseplatesaresymmetrical g. 70.10E).

GALATHEOIDEA AND CHIROSTYLOIDEA

The pleon of galatheoidsand chirostyloidsis symmetrical,and consistsof six freely
articulatingsomitesandthe telson. The uropods are well developed,forming, with the
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telson,a tail fan. The pleonin galatheoidsand chirostyloidsis typically carriedtucked
beneaththe cephalothorax gs. 70.3C-F70.17A, 70.18A, 70.19A70.20A).

Among the galatheoidsmembersof the GalatheidaeMunididae,and Munidopsidae
have a well-developed pleon, generally uniform acrossthe group. The tergites are
typically strongly corvex, beingsubglindrical in cross-sectiorior the anteriorsomites,
and becoming attened for the posteriorsomites.The rst somiteis narr ower thanthe
posteriorwidth of the carapacendmarkedly shorterthanthe secondsomite. The pleura
arepresentasanoblique Rangeon eachlateralmaigin of the rst somite.These anges
articulateanteriorly with the posterolateraimamgin of the carapaceand posteriorlywith
the pleuron of the secondsomite.The secondthrough fth somiteshave distinctpleura,
of which the seconds largest( g. 70.17A,B). The sixth somitebearsa pair of biramous
uropods.The telson is broad and lamellar consistingof multiple calcibed elements
separatedy transverse and diagonal decalcibedlines. The telsonis thus Bexible in
multiple planes.The telsonsurfaceis sparselysetose,and the mamgins are lined with
plumosesetaeand sometimessmall denticles.The dorsalsurfaceof the secondthrough
fth pleomeresds typically trans\erselystriated, ridged, and sparselysetose The ridges
of somepleomeresparticularly of the secondandthird, usuallyhave spinesthe number
andarrangemendf which aretaxonomically diagnostic The pleonalsurfacein Shinkaia
(Munidopsidae)s smoothandsparselysetose.

Thepleonin Porcellanidaés structurallysimilar to that of othergalatheoidsput with
somitesmuchshorterand atter, enablingthe pleonto be tucked morefully beneaththe
cephalothorax gs. 70.3F 70.19A, E). Similarly, the pleuraof porcellanidsare further
reducedn comparisorio thatof othergalatheoidsThetelsonanduropodsof porcellanids,
likethoseof othergalatheoidsis broadandlamellar thetelsonconsistingof 5to 7 calci ed
elementseparatedy trans\erseanddiagonaldecalci edlines.

As in Galatheoideathe pleon in Chirostyloideais held partially tucked underthe
cephalothorax g. 70.18A).

In Chirostylidae the rst pleomereis shorterthanthe second,and narrover thanthe
posteriorwidth of the carapaceThe 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 acutelytriangularin Gastoptydus and Chirostylus The sixth
somitebearsa pair of biramousuropods.The dorsalsurface of the pleonis smoothin
most Chirostylidae,but is often spinousor tuberculatein Gastioptydius The telsonis
usuallybroaderthanlong (occasionallyaswide aslong), membranousand divided into
an anteriorand posteriorportion by a trans\ersesuture. The posteriorportionis usually
mediallyemapginate.

Thepleonof Eumunididaés similarto thatof Chirostylidaealthoughthe dorsakurface
is marked by transverse striae, and the secondpleonitebearsa strong,anterolaterally
directedspineon eachside(this spineis alsopresenin Aeglidae,althoughproportionally
smaller).

In Kiwaidae thepleonis smooth,spinelessandsparselysetosd gs. 70.3D,70.20A).
Thesecondhroughsixth somiteshave distinctpleura,eachwith two longitudinal carinae
nearthe posteriormargins. The sixth somitebearswell-developedbiramousuropods.The
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telsonis aslongaswide,membranousnddividedinto ananteriorandposteriomportionby

atrans\ersesuture( g. 70.20D).Theanteriorportionis trans\erselyovate.The posterior
portionis narraver thantheanteriorportion,anddividedby a shallow longitudinalmedian
suture.The posteriormargin is distinctly emaginate.

AEGLOIDEA

Thepleonis well developedwith six pleonitesandatelson.The fth andsixth pleonites
and the telsonand uropodsare usually held underthe pleon, with only the rst four
pleonitesbeing visible dorsally (g. 70.3A). The rst pleoniteis reducedand largely
coveredby the posterioredgeof the carapaceAs in EumunididagChirostyloidea) the
secondpleonitehasa stout, anterolaterallydirectedspineon eachpleuron.Dorsally the
pleonitesareheaily calci ed andhave large,ventrallydirectedlateralpleura.Theventral
surfaceof eachpleonitethough,is reducedo a membraneousovering (exceptfor athin
calci ed baronthe rst pleonite).Thetelsonis a simple,broadplate,usuallydividedby a
centralsuture(g. 70.21G).

LOMISOIDEA

Thepleonin Lomisis symmetricalwell developed,andhassix pleonitesandatelson.
Thedorsalsurfaceis well calci ed in both sexes,but the ventralsurfaceis predominantly
membraneousThe rst pleoniteis reducedio a small, triangularsomiteaboutone-third
the width of the secondpleonite( g. 70.22A). The secondpleoniteis the largest(being
slightly wider thanthe posteriorcarapaceandthe third throughsixth pleonitesare each
progressiely smaller This givesthe entire pleona triangularappearancéslightly more
roundedin the female)whenextended.Pleonitegwo andsix arethe longestsomitesand
threethroughfour areapproximatelyequalin length. The telsonis a small, semicircular
structureandis undvided( g. 70.22E).

HIPPOIDEA

In Blepharipodidaeand Albuneidae the pleon is weakly foldedunderneathThe rst
pleomereds trapezoidabr subrectangulatn Blepharipodidaethe secondto fth and,in
Albuneidae the secondto fth or the secondto fourth, pleomereshave pleurathat are
expandedanddirectedlaterally, anterolaterallyor posterolaterallyThe sixth pleomerés
smallandsubrectangulail hetelsonis ovateandits terminalmamgin is entire( gs. 70.4A,
B, 70.9D,E).

In Hippidae the pleonis foldedunderneathThetelsonis elongate,lanceolateapically
acuteand rmly pressedigninstthethorax(gs. 70.4C,D, 70.9H-J).

Appendages

CEPHALON

Antennule. — This comprisesthe rst cephalicappendagewhen the pre-sgmental
region, acron, is notcounted All crustaceamppendageareregardedasbiramous, each
consistingof a basalprotopod andtwo terminalrami, i.e., anendopodandan exopod
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In theantennulaeof hermit crab speciestwo Ragellacommonlyarisefrom a peduncle
shaving thebiramouscondition.However, ashasbeenpointedoutby McLaughlin(1982),
thereis considerableloubtasto whetherthesebiramous agella arehomologouswith the
endopodandexopod of typical biramousappendageéCalman,1909).1n particular this
doubtarisesfrom studieson larval developmentof primitive decapodsnd euphausiids
(Dobkin, 1961;Lomakina,1978).Thereforejn mosttaxonomicstudiesthese agella are
simply describedas“upper agellum”, “upperramiof 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 and MediterranearSeahermit crabs.But, to date,thereis no study to
answersatisfactorily the questionof homology.

In Paguroidea, the peduncleof theantennulds three-sgmentedyeferredto as(from
proximal to distal) the basal, penultimate,and ultimate segments,or the rst to third
pedunculasggments( g. 70.11A). The basalsegmentis generallyshort, but noticeably
broadin somespeciesof Dardanus and hasa prominentstatocyst a diminutive organ
providing a senseof balance The ultimate and penultimatesegmentsare generallylong
and sparselysetose,except in some speciesof Pagurixus e.g., Pagurixus boninensis
(Melin, 1939), which bearstwo rows of tufts of short setaeon the ventral face of the
ultimate segment (McLaughlin & Haig, 1984), and in Anapaurus hyndmanni(Bell,
1845),in which densejong setaearepresenon the ventralfaceof boththe ultimateand
penultimatesegments(Iingle, 1993).1n mary speciesafew to sveral exceptionallylong
setaeare presentat the dorso-distalangleof the ultimate ssgment. Two multi-segmented
agella ariseapically from the ultimate sesgment. The upper Bagellumis generallylong
andits ventralmamgin bearsnumeroudong aesthetascsin marinespecies,the agella
terminatein a taperedlament, but in land hermit crabsof the family Coenobitidaethe
agella terminatebluntly, somevhat “stick-like”, anddistally a few to several ssgments
are fused(g. 70.11G).The lower RBagellum is short and small in both marine and
terrestrialspecies.The antennulaeare most commonlymuch shorterthanthe antennae,
but in coenobitidghey aremuchlongerthantheantennag g. 70.11G).

In Lithodoidea, this appendagés morphologicallyquite similar to thatof Paguroidea.

In GalatheoideaandChir ostyloideg the antennuleconsistof a 3-sggmentedpedun-
cleandapairof agella. Thebasalsegmentis generallyshortandstout,andusuallybears
distal and lateral spines. The secondand third peduncularsggmentsare generallyslen-
der, subgylindrical, or subconicalin ChirostyloideaandmostGalatheoided gs. 70.17A,
B, 70.18A), and short and shoutin Porcellanidag( g. 70.19A). The basalantennular
segmentholds numerousmportanttaxonomic characters mostnotablythe distolateral
anddistomesiakpines,andthe lateralspines.In Kiwaidae(Chirostyloidea)all segments
areunarmedandglabrousapartfrom some short distolateralsetaeon the basalsegment
(g. 70.20C).Two multi-segmented agella arisefrom the ape of the third segment.In
GalatheoideandmostChirostyloideathe upper Bagellumis longerandthickerthanthe
lower agellum, andits ventralmaigin bearsmumeroudong aesthetascandterminatesn
ataperedlament; thelower Ragellumis slenderandevenly taperedin Kiwaidae unlike
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Fig. 70.11. Antennulaeand antennaeof PaguroideaA, left antennuleJateral, Pseudopguristes
bollandi; B, right antennamesial, Boninpayurus acanthobelesAsakura& Tachikava, 2004;C,
same]ateral;D, same,dorsal;E, right antennagdorsal Pseudopguristesshidarai Asakura,2004;F,
left antennalateral,same;G, left lateralview of anterior halfof cephalothoraxCoenobitaspinosus
H. Milne Edwards,1937.Abbreviations: al, antennulean, antennaan-ac,antennakcicle; ba-se,
basalsegment;brst,branchiostgite; f, agellum; If, lower agellum; pen-sg, penultimatesesgment;
s, shield;seg-1to segy-5, segmentsl to 5; sp-se, supernumerargegment;uf, upper agellum; ul-
sa, ultimate segment.[A, after Asakura& McLaughlin,2003;B-D, after Asakura& Tachikava,
2004;E, F, after Asakura2004a;G, after Asakura,2004b]
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otherchirostyloids the dorsahndventral agella areshortandsubequain lengthandthe
ventral agellum hastwo swollen basalsegmentsfollowedby a slenderterminalportion.

In Aegloideg theantennulds characterizethy a globosebasalsegmentfollowed by a
two-segmentedstalk. Thedistalseggmenthastwo short3agellg the dorsabnewith 10-13
segmentsandtheventralonewith about10 seggments.The basalsegmenthasbothsimple
and plumosesetae,while just long simple setaeare presentproximally on the second
pedunculaseggment.

In Lomisoidea, the antennulapeduncleis three-sgmentedwith the secondandthird
sgmentsheingthelongestandequalin length.The distal ssgmenthastwo short Ragella
the dorsabnelargerthantheventral.

Among Hippoidea, the antennulaeare generallymuch longer and stouterthan the
antennadn Blepharipodidaeand Albuneidae,but in Hippidae, they are much shorter
thanthe antennad gs. 70.4A-D, 70.9F).The peduncleis three-sgmented.The dorsal
Ragellumconsistof 18-85articlesin Blepharipodida@nd17-250in Albuneidaeandthe
ventral Bagellum consistsof 6-12 articlesin Blepharipodida@nd0-7 in Albuneidaeln
Hippidae,Emeritaspecieshave the antennula@boutthreetimesthe lengthof the ocular
peduncles.

Antenna.— In Paguroideathe antennais composedf a long, uniramous3agellum,
an exopod referredto as the “antennalacicle” in the six hermit crab families, or as
the “scaphocerite’in lithodoids, a peduncle consistingof ve seggmentsreferredto as
(proximalto distal)the rst to fth segmentsandalsovery often,a small sgmentreferred
to asthe “supernumerargegment” betweerthe third andfourth sgmentsdorsolaterally
(gs. 70.5A-C,70.6A, B, 70.11B-F).In marinespeciesthe agella are generallylong
andterminatein a taperedlament. Setationof the agella variesfrom sparseandshort,
to moderatelylong and with numeroussetae.Marny speciesof Diogenesand several
speciesof Paguristeshave adoublerow of very long plumosesetae,forming a setal
net on each agellum. By rotatingthese agella, they Iter out organic particlesfrom
suspensiofin the seavater The antennalaciclesare mostoften armedwith shortspines
in speciesof Diogenidaeand Parapagurida€ g. 70.5A-C,E). In contrast,the antennal
aciclesof speciesin Paguridaeare often poorly armedand sometimedong and curved
laterally (g. 70.11B-D).The rst segmentof the peduncleis sometimesarmedwith one
to afew spineson the ventrodistalmamgin. In the secondsegment,the dorsolateratistal
angleis often producedanteriorlyandterminatedacutely and,similarly, the dorsomesial
distalangleis oftenprovidedwith a spine. Theventrodistaimaigin of thethird sggmentis
generallyproduced and sometimesarmedwith a spine. The fourth segmentis shortand
the fth islongandslenderin mostspecies.

In Lithodoidea, this appendagés morphologicallyquite similar to that of Paguridae,
exceptfor theaciclethatis sometimeseducedo a small scleriteonly.

Whereaghe plesiomorphicconditionin Anomurais ve free segments,n Galatheoi-
deathe secondandthird ssgmentsarefused,resultingin a 4-sggmentedpeduncleanda
long, uniramous3agellum ( gs. 70.17A,70.19A).No acicleis presentThe immovable
basalsegmentis broad and stout, usually with a distomesialspine or projection,and
includesthe antennal gland aperture ( g. 70.17E).The secondsegmentusually bears
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a distomesialand distolateralspine or projectionin most galatheoidsbut is variously
ornamentedn Porcellanidag( g. 70.19C). The third and fourth sggmentsare much
smaller than the preceding,and are usually unarmed.The agellum terminatesin a
taperedlament. In mostGalatheoideaheantennas directedanteriorlyor anterolaterally
whereasn Porcellanidaethe antennads directediaterally or posterolaterallyf g. 70.19A,
Q).

In Chir ostyloideg the antennais composedf a ve-s@gmentedpeduncle a super
numerarysegmentasin paguroidsan acicle articulatingwith the secondsegment,anda
long, uniramous3agellum ( gs. 70.18C,70.20C).The basalsegmentis shortand stout,
andincludesthe antennal gland aperture. The secondseggmentusuallybearsa distolat-
eralspineor projectionandarticulateswith theacicle(whenpresent)Thethird segmentis
similarin size to the secondsggment,andthefourthand fth segmentsareprogressiely
longer exceptin Kiwaidae,in which the third through fth segmentsare of similar size.
Eachof the pedunculasegmentsmay bearspinesor granulesThe agellum terminates
in ataperedlament. The acicleis presentin Chirostylidae(exceptChirostylusand Ha-
palopty®, presenin Eumunididaeandabsenin Kiwaidae;it is typically lanceolateput
may bearshortspines.

In Aegloidea the antennais longer than the antennuleand may be up to twice the
lengthof thebody. The peduncleis ve-s@mentedut the secondandthird segmentsare
fused,makingit appearsuper cially four-segmented( g. 70.21C).The basalsegmentis
globose the next threesegmentsare basicallytriangularandinterlocking, while the last
(fth) segmentis subglindrical andthe longestof all. The Ragellumis long and multi-
articulate.

In Lomisoidea, the antennalpeduncle hassix sesgmentsanda multi-articulatel3agel-
lum, thatcurvestowardsthe mouthpartsThescaphocerités absen{ g. 70.22B).

In Hippoidea, the antennds composedf a uniramoudlagellum anexopodreferred
to asthe Oantennalacicle® and a peduncle consistingof ve segments(g. 70.23B).
The Ragellum is generallyshortand composedf 8-44 articlesin Blepharipodidaeand
1-9 articlesin Albuneidaeln Hippidae,the antennaef the speciesof Emeritahave the
long agella denselybesetlaterally with seseral rows of fringed setae.The antennaef
the speciesof Hippa have short agella composef oneto several articles( gs. 70.9F
70.23M).

Mandible. — The mandiblesare the innermostappendagéair of the mouthpartsin
Paguroidea the mandibleis well developed.The associategalp is three-sgmentedin
themajority of specieg g. 70.12A),but exceptionsare Anapaurusbicorniger A. Milne-
Edwards& Bouvier, 1892 and CatapajuroidesmegalopsA. Milne-Edwards& Bouvier,
1892 (both Paguridae)jn which only two sggmentscanberecognizedingle, 1993).The
ultimatesegmentof the palpis ovateandits mamgin is investedwith numerousstiff setae.
Theincisor andmolar processeare calcareousnd mostoften unarmed put 3-5 blunt
teetharesometimesecognizedn the incisor processesf speciesof Pylopaguropsis(cf.
Asakura,2000).A notableexceptionis presentedy the speciesbelongingto a recently
establishedamily, Pylojacquesidaeyhoseincisor processs mostly corneousandarmed
with prominentacuteteeth.

In Lithodoidea, this appendagé morphologicallyquite similar to thatof Paguridae.
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Fig. 70.12. Mouthpartsof Paguroidea.A-E, |, Pseudopguristes bollandi; F-H, Boninpaurus
acanthotieles J, Pomatotelesjeffreysii. A, mandible, left, internal; B, maxillule, left, external;
C, maxilla, left, internal; D, rst maxilliped, left, internal; E, second maxilliped, left, external;
F, third maxilliped, left external; G, same,ischiumand basis,internal;H, basalportion of third
maxillipedsandits sternite,ventral, setaeomitted; I, third maxillipeds and their sternite, ventral,
J, third maxilliped, right, mesial. Abbreviations: acc-t,accessoryooth; bas,basis;carp,carpus;cr-
dent, cristadentata;dact, dactylus;d-end,distal endite;end, endite;endop,endopod;epi, epipod;
exop, exopod; ext-l, externallobe; f, agellum; inc-pr, incisor process;int-l, internal lobe; isch,
ischium;mer, merus;mor-pr, moral processp-end proximalendite;plp, palp; prop,propodusscph,
scaphoceritest-mxpd3, sterniteof third maxillipeds.[A-E, |, after Asakura& McLaughlin, 2003;
F-H, afterAsakura& Tachikava, 2004;J, photoby Akira Asakura.]
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In Galatheoideg themandibleis well developed thoughthemolar procesds reduced
toabluntridgealongtheposteriomaigin of thecorpus.Theocclusaimagin of theincisor
processds calcareousindfeeblytoothed.The palp is three-sgmentedpf which thethird
sgmentis ovatewith several simple distal setae.The rst andsecondpalp segmentsare
simple,with the secondbeinglonger

As in Galatheoideathe mandiblein Chirostyloidea hasa reducedmolar process
and a well developedpalp, being two-segmentedin Kiwaidae,and three-sgmentedin
Chirostylidaeand Eumunididae.The cutting edge of the incisor process howewer, is
stronglytoothedin ChirostylidaeandKiwaidae beingcalcareousn theformer chitinous
in thelatter In Eumunididaethe cuttingedgeis tridentate.

In Aegloidea,the mandiblehasa well developed,strongly sclerotized,and asymmet-
rical incisor processbut avirtually absenimolar process The manditular palp is two-
segmented(both segmentsaboutequal)with the proximal ssgmentbearingsimple and
plumosesetaeand the distal ssgmentbeing attened, ovate,and borderedwith simple,
papposendplumosesetae.

In Lomisoideathe mandibleis currentlyundescribedor Lomishirta.

In Hippoidea the generaimorphologyof the mandiblein AlbuneidaeandBlepharipo-
didaeis quite similar to that of PaguroideaThe incisor processis calcareousandoften
providedwith a few blunt teeth,andthe cutting edgeis alsowith or without a tooth. The
palp is three-sgmented g. 70.23C).

Maxillule. — The maxillule is the secondappendaggair of the mouthpartsand is
composedf an endopodandbilobed endites calledthe distal and proximal endites
reespectiely. In Paguroidea, althoughMcLaughlin(1980,1982)interpretedhe “endite”
asthemesialprotrusionof the maigin of the protopod Ingle (1993)referredthesebilobed
structuresto the basisand coxa of the protopod.Sincethe protopodis segmentedinto
a coxaanda basis,Ingle (1993) interpretedthat theselobed structuresare the protopod
itself. The exopodis consideredibsentin specief Paguroidegcf. Jackson1913).The
endopods provided,or not,with anextemal lobe, andif presenttheshapeof theexternal
lobe usuallyhastaxonomicvalue (g. 70.12B).

In Lithodoidea, this appendagés morphologicallyquite similar to thatof Paguridae.

In Galatheoideaand Chir ostyloideg the exopodis absent.The endopodis slendey
uns@gmentedandsetoseThedistal endite is spatulatewith its mesialmaigin lined with
simple, corneoussetaeand plumosesetae. The proximal endite is much broaderand
lamellar andthe mamginsarefringedwith simpleandplumosesetae.

In Aegloideg themaxilluleis thin, membraneousndhasanendopodanda proximal
anddistal endite. Theendopochasafew simplesetaewhile bothenditesareborderedy
mary long andshort,simpleandpapposeetaeanda few spines.

In Lomisoidea the maxillule in Lomis is membraneousind has a 2-3 segmented
endopod(with aprominentposteriorly dir ectedlobe) anda proximal anddistal endite.
Theendopods bilobedandthetwo enditesareborderedby long setae.

In Hippoidea, the exopod is absentin speciesof Albuneidaeand Blepharipodidae
(g. 70.23D).
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Maxilla. — The maxilla is thethird appendageair of the mouthpartsaandcomposeaf
anexopod an endopod andendites In Paguroidea the exopodis very well developed
into alarge, lobulateOscaphognathiteQg. 70.12C)andis closelyapposedo thelateral,
innersurfaceof thecephalothoraxwhereit is usedto developarespiratory current. The
setaeon its magin vary in numberandsize,andthe shapeof the posteriorlobe may be
sub-acutefruncate or sub-oval (Ingle, 1993). The endopods broadenegroximally and
thin distally, andusually four enditesarerecognizecn the mesialmaigin (McLaughlin,
1974).However, thesestructuresareagain interpretedasthe bilobedbasisandcoxaof the
protopodby Ingle (1993).This differencein interpretatioris still controversial.

In Lithodoidea, this appendagé morphologicallyquite similar to thatof Paguridae.

In Galatheoideaand Chir ostyloidea the scaphognathiteis large, broadlyreniform,
and attened, with maginslined by simpleandplumosesetae . The maxilla hasa slender
setoseendopod Two endites are typically recognized eachof which, asa resultof a
mauginal incision dividing eachendite,is usually bilobed. The mamgins of both endites
bearnumerousimpleandplumosesetae.

In Aegloideg the maxilla is a large, attened appendag@rimarily usedfor pumping
water over the anterior branchial surfaces. The endopod and the bilobed distal and
proximal endites project ventrally, while the large paddle-like scaphognathiteprojects
dorsally Both enditesare borderedwith numeroussimple, papposeand plumosesetae
while the scaphognathités lined with plumosesetaeonly.

In Lomisoidea, the maxillais composedf a ventralbilobedendite anda paddle-lile
endopod while the dorsakxopodis verywell developedinto alarge, at scaphognathite
Themamginsof endopodsndexopodareall borderedwith long setae.

In Hippoidea, thegeneramorphologyof the maxillain AlbuneidaeandBlepharipodi-
daeis similarto thatof Paguroideq g. 70.23E).

THORAX

First maxilliped. — Being the rst thoracicappendagethe rst maxilliped alsois the
fourth appendageair of the mouthpartsand is composedf an exopod an endopod
and endites In Paguroidea the exopod is noticeablynarrov distally and broadened
proximally in the majority of specieq g. 70.12D).The exopod bearsa multiarticulate
agellum, but the agellum is lackingin specief Parapagurida€el he epipod s dif cult
to recognizein mostspeciesof Paguridae but it is well developedin Pylochelidaeand
somegeneraof Diogenidaejncluding Dardanus Paguristes and Pseudopguristes The
endopods shortin mostspeciesanddoesnot reachto, or beyond, the distalmaigin of the
distalendite(“basis” by Ingle’s, 1993, interpretation).

In Lithodoidea, this appendagés morphologicallyquite similar to thatof Paguridae.

In GalatheoideaandChir ostyloideg the exopodis usuallytwo-segmentedcandbears
a setosepseudo-Ragellum The distal sggmentis slendey andtogethermwith the pseudo-
agellum, is termedthe OlashQn Eumunididae Kiwaidae,and most galatheoidsthe
agellum is multiarticulate.Munidopsidae Chirostylus and Hapaloptyx however, lack
thelash,andin otherchirostylids,thelashis smoothandundiided (Schnabe& Ahyong,
2010).The endopods digitiform to crescent-shapedy spatulatgKiwaidae). The distal
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and proximal enditesare well developed,bearingcoarseplumosesetae,and the distal
enditeis the larger. The epipod is absentin Chirostylidaeand presentin Eumunididae,
Kiwaidaeandall Galatheoidea.

In Aegloideg the rst maxilliped is thin, foliose, and only dightly larger than the
maxilla. The exopod is 2-sgmentedwith the proximal portion producedinto a large
lamellar lobe and the distal portion terminatingin a multi-articulated3agellum The
endopodhasa reduced palp-like terminallobe and well-developeddistal and proximal
endites.The proximal enditeis small and ovoid, while the distal endite is larger and
subrectangulaAll articlesof the rst maxillipedarelinedwith adenseborderof avariable
mixture of simple, papposeplumose andafew combsetae.

In Lomisoidea theexopodbearsa agellum in Lomis An epipodis present.

In Hippoidea, the two-segmentedexopodof AlbuneidaeandBlepharipodidadacksa
agellum. Theepipodis presen{ g. 70.23F).

Secondmaxilliped. — The secondmaxilliped constitutesthe fth appendageair of
the mouthpartsandthe secondthoracicappendageln Paguroidea, the exopodbearsa
long, multiarticulatef3agellum and,in addition,at leasttwo segmentsarerecognizedn
its peduncular portion (g. 70.12E).In theendopod segmentatioris well developedand
thedactylus propoduscarpusmerusandischiobasisthelatterrarelyseparatednto basis
andischium,canberecognizedln somespecie®f Pylochelidaethe epipodis present.

In Lithodoidea, this appendagés morphologicallyquite similar to thatof Paguridae.

In Galatheoideaand Chir ostyloidea the exopod comprisestwo setosepeduncular
sggmentsand a multiarticulate agellum. The endopod is setoseand consistsof the
dactylus propoduscarpusmerus,andischiobasisThe epipodis absent.

In Aegloidea the secondmaxillipedis morphologicallyvery similar to that recorded
for Paguroideaand GalatheoideaThe exopod comprisesgwo pedunculasggments(the
proximal one setose)and a multiarticulate agellum. The endopodis setose pediform,
andconsistof thedactylus propoduscarpusmerus andischiobasisAn epipodis absent.

In Lomisoidea, the secondmaxillipedis morphologicallyvery similar to thatrecorded
for PaguroideaandGalatheoidea.

In Hippoidea, theexopodof AlbuneidaeandBlepharipodidaés two-segmentedandthe
agellum is composedf only oneelongatearticle (g. 70.23G).The endopods similar
to thatof Paguroidea.

Third maxilliped.— Thethird maxillipedscomprisethe sixth andoutermostappendage
pair of the mouthparts,and the third pair of appendage®f the thoracic region. In
Paguroidea the exopodbearsa long Ragellum, and,in addition, at leasttwo segments
arerecognizedn its peduncular portion (g. 70.12F).In the endopod segmentations
well developed,andthe dactylus, propodus carpus, merus, basis andischium canall
be recognizedalthoughthe ischiumis sometimesncompletelyseparatedrom the basis
throughan only partial suture.In Pylochelidaethe endopodis chelatein Pylochelesor
subchelatein Cheimoplatea In all hermit crab families, most specieshave the ischium
bearinga dentateridge, the OcristadentataQ but alsoone or more accessoryeethmay
be presentin mary speciesof Pylochelidaeand Paguridae(g. 70.12G,H). The crista
dentatais reducedto 3 to 5 large, spine-like teethin Scopaeopgurusand somespecies
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of Catapagurusin Paguridaeandis lackingin mostspeciesf Diogenesin Diogenidae.
The basal portion of the third maxillipedsis widely separated by the stemal plate in
Paguridae( g. 70.12H)and Parapaguridaeapproximate in Diogenidae,Coenobitidae,
andPylochelidag( g. 70.121,J), andof intermediate condition in Pylojacquesidadn
somespecieof the Pylochelidaethe epipodis present.

In Lithodoidea, this appendagés morphologicallyquite similar to thatof Paguridae.

In Galatheoideaand Chir ostyloidea the exopodconsistsof a two-segmentedpedun-
cle, of which the rst sggmentis the largest,and a setosemultiarticulate agellum. The
endopodis setoseandconsistof the dactylus propoduscarpusmerus,andischiobasis,
andeachsegmentis setoseparticularlythedactylusandpropoduswhicharedenselycov-
eredwith plumosesetae( gs. 70.17C D, 70.18D).Thedemarcatiorbetweerischiumand
basisis evidentasa shallow groove. The spination of the carpus and merus is consid-
eredparticularlyimportantin galatheoidtaxonomy. Themesialmaugin of theischiumis
cristate,of which the proximal half is dentatg(crista dentata) (g. 70.17D).In Galathei-
dae,Munididae,MunidopsidaeandChirostyloideathe third maxillipedis pediform and
is essentiallyusedto hold food itemswhile feeding.In Porcellanidaehowever, the third
maxillipedsareoperculiform throughmesialexpansiorof the carpusmerus.andischium
(g. 70.19D).Moreover, porcellanidauusethethird maxillipedto strainfood particlesfrom
thewatercolumnin a mannersimilarto thatusedby cirripedes.Thus,the distalfour seg-
mentsin porcellanidsaretypically equippedvith fan-shapedrows of long, plumosesetae.
During feeding porcellanidswingthethird maxillipedslaterally, in analternatingolding
andunfoldingof the setae which arein turn wiped by the secondmaxillipeds.Theepipod
is presenin GalatheidaeMunididae,andMunidopsidaeandabsenin Porcellanida@and
all Chirostyloidea.

In Aegloideg thethird maxillipedis well-developed pediform,andfunctionsin feeding
and grooming. It is morphologically very similar to that describedin Galatheoidea,
except that the epipodis presentas a small membraneou$ud proximal to the coxa
(g. 70.21D,E).

In Lomisoidea, thethird maxillipedis well developed pediform( g. 70.22C),andvery
similarto thatdescribedn Galatheoidea.

In Hippoidea, mostspeciedack the crista dentata, but it is well developedin species
of Blepharipodidad g. 70.23H);a reducedoneis foundin several speciesof Albunea
In Albuneidaeand Blepharipodidaethe exopod is two-segmented.In Hippidae, this
appendagés sub-operculiformandthe meriareenlaged andbroadened.

First pereiopod— The rst to fth pairsof the pereiopods(fourth to eighththoracic
appendagesyre uniramous, consistingof coxa andbasisplus a 5-seggmentedendopod
(dactylus propodusgcarpusmerus,andischium).Iln Paguroideathe rst pereiopods the
cheliped Theleft andright chelipedsaresimilar in size andmorphologyin Pylochelidae
(gs. 70.1A,70.10A),but in PaguridaeParapaguridaggndLithodoideatheright is always
largerthantheleft ( gs. 70.1C,H, I, 70.2A-C,70.13A,B), andthe shapeand armature
are often differentbetweenthe two. The left chelipedis always larger in Coenobitidae
(g. 70.1G),while in Diogenidaethe left is largestin approximatelyhalf of the genera
(gs. 70.10B,70.13C-E),including Calcinusand Diogenes andthe chelipedsare equal
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Fig. 70.13.Chelipedsof PaguroideaA, B, Micropagurus spinimanuésakura,2005;C, Stratiotes
japonicus(Miyake, 1961); D, Diogenesedwadsii (De Haan,1849); E, Strigopayurusstrigimanus
(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
pereiopodanteriorview (left) andwhole body, left lateralview (right); G, dactylof right cheliped,
indicatingrows of corneouspineonmesialface;H, left chelipedouterview, indicatingstridulatory
structureon outerface.Abbreviations: x-f, x ed nger; otherabbreiationsasin 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 subequain sizeandarmaturein the remaininghalf of the generasuchasPaguristes
andAniculus(g. 70.13G).However, afew exceptionsareknown in the diogenids,such
as Petrochirus in which the right is always distinctly larger, and Pseudopguristesand
Clibanariusin which the sizerelationbetweenthe two chelipedsvariesby speciesThe
chelaeopenhorizontally in the majority of speciesput in somegeneraof Diogenidae
suchas Dardanusand Calcinus the propodal-carpahbrticulationsare rotatedfrom the
perpendiculaplaneof thebodysothatthe chelaeopenin anobliquelyvertical plane.

Chelipedscanoftenbe usedasanoperculum for the gastropodshell (or othershelter)
inhabitedby a hermit crab Many speciesin Pylochelidaeuse both chelipedsto form
an operculum(gs. 70.1A), while various speciesof Diogenidae,Coenobitidaeand
Paguridaeusethe larger chelipedonly asan operculum( g. 70.13H).The morphology
of thechelipedss sometimedlifferentbetweerthe sexesandin somespecieof Pagurus
theright chelipedin malesis quitelargeandelongate,e.g.,PaguruslongicarpusSay 1817,
in comparisorto thatof thefemale.

In Lithodoidea, this appendagé morphologicallyquite similar to thatof Paguridae.

In Galatheoideaand Chirostyloidea the rst pereiopodsarethe obvious chelipeds
They are usually longer than the overall body length, and always longer than the
carapaceandconsistof the dactylusandpropodugwhich form the chela),carpusmerus,
ischiobasisandcoxa( gs. 70.3C,E, F, 70.17A, 70.18A,70.19A). An epipodis usually
present.The chelipedsare usually slightly dissimilarin size in Porcellanidaeput near
symmetricalin other Galatheoideand Chirostyloidea.Sexualdimorphism, howewer, is
evidentin adultmalesin which the chelipedsareusuallylongerandmorein ated thanin
females Additionally, in somelarge malesof somespeciesof Munida, onecheladevelops
a larger gape, betweenthe dactylusand propodus,along with a pronouncedooth on
the occlusalmamgins. This modi cation is believed to be instrumentalin male-to-male
competitionfor mates(Claverie & Smith, 2007). Normally, the occlusalmamgins of the
dactylusandpropodusarelined with teethor nodules,andthe apicesarecalcareousand
usuallysimple.In Kiwaidae the cheliped ngers have corneousdenticulationdistally and
corneousscaleslining the remainingocclusalmagins. In mary speciesof Munidopsis
andseveral othergalatheoidgenerathe cheliped ngers terminatein a seriesof teeththat
interdigitatewhenthe chelais closed.In porcellanidsthe chelipedsare dorsaentrally
attened, with a broadchelaandcarpusWhenfolded,the chelipedsareheldtrans\ersely
andthey typically openhorizontally( g. 70.19A).In GalatheoideandChirostyloideathe
chelipedsaretypically subglindrical (broadand attened in Shinkaig, 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 denselycovered with
plumosesetae( g. 70.3D).

In Aegloidea the rst pereiopodsare chelate asymmetricalalmostalwayslargeron
the left side), and often larger in malesthan in females.The cheliped is often highly
variablein form both betweensidesin the sameindividual and within a species.The
dactylusis usuallyshortandheavy, dorsallyandlaterallysmoothor nely granulatewith
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
may or may not have alarge proximaltubercleor tooth. A characteristiof the agylids is
thepresencén mostspeciegseeBond-Buckups Buckup,1994)of alargepalmar ridge,
crest or lobe (armedor unarmed)on the dorsalsurfaceof the propodus.The carpusis
shortand stout,and dorsally armedwith 4-5 large corneousspines.The merusis heary
andtriangular andsimilarly armedwith threerows of corneousspines.The ischiumand
basisarefusedand unarmedexceptfor the occasionapresencef a large ventromesial
spine.Thecoxais heary, globoseandgenerallyunarmed.

In Lomisoidea, the chelipedsare dorsaventrally attened and inwardly directedin
Lomis likein Porcellanidag g. 70.3B).All segmentsarestout,andcoveredwith coarse
granulationandpunctuation®f setaeA signi cant palmarcrest,ridge,or lobeis present,
asin agylids.

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 pereiopodsn AlbuneidaeandBlepharipodidaerelarge, well calci ed
chelipedq g. 70.23l).Thecarpusds with (Blepharipodidaedr withouta dorsodistakpine
(Albuneidae).

Secondand third pereiopod— In Paguroidea, theseappendageare well developed
andusedfor walking, or very rarely swimming, suchasin the paguriddridopagurusand
Spiopagurus (cf. de Saint Laurent-Dechancel966; Garcia-Gomez1983). Adaptation
for swimming amonghermit crabs consistsprimarily of the developmentof natatory
setaeon theseappendage@McLaughlin, 1982). The appendageat issueare sometimes
asymmetrical, in particularin Paguridae DiogenidaeandCoenobitidaeln mary species
of Dardanus(Diogenidae),the dactylusand propodusof the left third pereiopodare
much broaderand the armatureis often more complicatedthan on those of the right
third appendageMost speciesof land hermit crab, Coenobita use the left cheliped
and left secondandthird pereiopodas an operculum of their gastropodhostshell, and
consequenththe dactylusand propodusare broad and their lateral facesare attened.
Conspicuougdissimilarlity in theseappendagess also known in mary other genera
including Clibanarius Pylopaguropsis and Pagurodo einia. Setationis also different
from left to right in somespecies.For example, Diogenespatae Asakura& Godwin,
2006hasdense plumosesetaeon the lateralfacesof the left secondandthird pereiopod,
but thoseof the right lack suchsetation.A wide variety of morphologyis seenin the
dactyli of the secondandthird pereiopodsCylindrical or subglindrical-shapediactyli
are known in mary speciesin Paguridae,Diogenidae,and Lithodoidea,and theseare
frequently armedwith rows of corneousspines,in particularon the ventral facesand
sometimeson the mesialfacesdorsally (g. 70.14A-1). In thesecasesthe dactyli can
sometimede slightly curved ventrally aswell. Flatteneddactyli areknown in Diogenes
(Diogenidae)andvariousspeciesn PaguridaesuchasCatapaurus(g. 70.14J,K), in
which the dactyli aresometimesinarmedout provided with rows of setaeThe dactyli of
mary speciesof Parapagurida@are slenderandslightly curved ventrally (g. 70.1H,1).
The morphologyof the propodi is varied, but is generallyrectangulaior subrectangular
from lateral view. The armatureof the propodiis alsovaried,asa few corneousspines
at the ventrodistalangle,a row of corneousspineson the ventral magin, or a row of
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Fig. 70.14. Secondand third pereiopodsof Paguroidea.A, B, Dardanusumbellg C, D, E,
Pylopayuropsis furusei Asakura,2000; F, G, Calcinuselegans (H. Milne Edwards,1836); H, I,
Diogenesnitidimanus J, K, Catapayurustuberculosus(Asakura,1999).A, left sscondpereiopod,
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 second pereiopod,lateral; I, same,dactylus,
mesial;J, left secondpereiopod same,dactyl, mesial. Abbreviationsasin 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, afterAsakura1999.]
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calcareouspinesmay be presentThe carpi aregenerallyshortandvery often provided
with adorsodistakpine.Themeri aregenerallyrectangulaor subrectangulairom 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 the genitalapparatusherein).

In Lithodoidea, the secondthroughthird pereiopodsare developedas walking legs.
They are symmetrical from left to right and composedof dactylus,propodus,carpus,
merus,schiobasisandcoxa( g. 70.2A-C).

In GalatheoideaandChir ostyloidea the secondhroughthird pereiopodsarewalking
legs. They are always symmetricalfrom left to right and are composedof dactylus,
propodus,carpus,merus,ischiobasisand coxa(g. 70.3C,E, F). Epipodsare usually
absent,exceptin the galatheoidsRaymunida Galacantha and Shinkaia( rst to third
pereiopods)andsomespecief Munidopsisand Galathea(variable).In all galatheoids
andalmostall chirostyloids,the walking legs arestructurallysimilar, differing chiey in
length (the secondpereiopods the longest,followed by the third andfourth pereiopod)
andin minor detailsof ornamentationOnly in the chirostylidgenusUroptydodesarethe
walking legs signi cantly heteromorphic; here,the secondpereiopods distinctly more
slenderthanthethird andfourth pereiopod.

In Galatheoidea thewalking leg segmentsareusually attened andvariouslyspinose
andsetose( gs. 70.17A,70.19A). Shinkaiais exceptionalamonggalatheoidsn having
denseplumosesetaecoveringthe ventralsurfaceof the sternum,andthe proximal half of
the pereiopodThedactyli of galatheidsandporcellanidsaretypically armeddistally with
acorneousinguis, followedby arow of x edor articulatedcorneouspinesonthe e xor
maugin. In additionto othersurfacespinesthepropoduss usuallyalsoarmedwith aseries
of movablecalcareouspines.

Thewalkinglegsin Chir ostyloideaareusuallysubglindrical to slightly attened,and
arealsovariouslyarmedandornamented gs. 70.18A,70.3C,D) (generallysmoothin
Uroptydus andspinosein othergenera).The dactyli and propodipresenta wide range
of ornamentationrangingfrom a corneousunguis with rows of x ed or movable e xor
spinesandsetaeto minutedenticulationor no armatureatall. Similarly, the e xor margin
of thepropodusnayhave rows of maovablespines,or lackornamentationn mary species,
especiallyof Uroptydus the dactylusand propodusappearto form a prehensilelimb,
possiblyasanadaptatiorior clinging to branchingsoft corals.Thedactylusis arcuateand
occludes,or almost,with the distal e xor magin of the propodusthat bearsa seriesof
mavablespinesseton anexpansionof the propodus Sexesareseparatén galatheoidsin
femalesthe gonopores onthe ventralsurfaceof the coxaof thethird pereiopod.

In Aegloidea the secondhroughthird pereiopodsarewalking legs,asin galatheoids,
andarecomposedf dactylus,propoduscarpusmerus,ischiobasisandcoxa. They are
structurallysimilar andof approximatelythe samesize (g. 70.3A). All of thelimbs are
angledforward, sothatthe posteriorfacesof the appendagepoint upward. All segments
are coveredwith sparseshort smple setae,the merus,carpus,and propodusmay bear
rows of shortspinesonthe dorsabndventraledgesandthe carpuss usuallyornamented
with asingle distodorsalcorneousspine.
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In Lomisoidea the secondthrough third pereiopodsare short and stout, and the
dactylusendsin a conicalclaw. EpipodsareabsentThey arecoveredwith punctuations
of setaeand ne granulationlikethechelipedq g. 70.3B).

In Hippoidea, theseappendagearewell developedaswalkinglegs(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 Blepharipodidaethe dactyli are more or less hook-like, laterally
compressedand dorsoventrally expanded.The dorsodistalangle of the carpusis often
strongly produced,in particularin the secondand third pereiopods( g. 70.23J-L).In
Hippidae thedactyliare attened(g. 70.9H).

Fourth pereiopod~— In Paguroidea, this appendagé moreor lessreducedandused
to brace aguinsttheinsideof the shell’s columellaand,assistedy the similarly-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
againstthe propodus( g. 70.15A). Semichelate:the ventral mamgin 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
maugin of the propodusso that the dactylusand the propodusdo not form ary chelate
condition( g. 70.15D-F).Most specieshave asemichelatefourth pereiopodsomehave
a subchelateone,andthe simple or chelateconditionsareseenonly infrequently Among
thosespecies,the dactylis very often provided with a row of corneousspinesor teeth,
eitheron the ventralmamgin or ventrally on the lateralface( g. 70.15C).In somegenera
of Paguridae,such as Solenopgurus Pylopagurus Pagurus and the diogenid genus
Pseudopguristes a preungual processoccurs.This anomalousstructureis an oval or
circular, blisterlike,nodule-like,or nger-like projectionfoundbetweertheterminalclaw
andthe distalmosttooth of the ventralrow of corneousspines(g. 70.15A;seelLemaitre

Fig. 70.15.Fourthand fth pereiopodf PaguroideaA, B, Pseudopguristesbicolor Asakura&
Kosuge,2004; C, Calcinuselegans D, Alainopaguroideslemaitei McLaughlin, 1997; E, Ostra-
conotusspatulipesA. Milne-Edwards, 1880; F, Solitariopagurus tuerkayi McLaughlin, 1997; G,
EnneophylluspinirostrisMcLaughlin,1997;H, Nematopguroidesfagei Forest& de SaintLaurent,
1968; |, Anapayurus chiroacanthus(Lillieborg, 1856); J, DecaphyllusbarunajayaMcLaughlin,
1997;K, MicropaguruspolynesiensigNobili, 1906);L, Pagurojacquesigpolymorphade SaintLau-
rent& McLaughlin,2000;M, TarrasopaurusrostrodenticulatusvicLaughlin,1997;N, Trichopaju-
rus trichophthalmugForest, 1954); O, Forestopgurus drachi (Forest,1966); P, Catapauroides
japonicusde SaintLaurent,1968;Q, Turleania multispina McLaughlin, 1997; R, Michelopayurus
limatulus (Henderson,1888); S, Acanthopgurus dubius (A. Milne-Edwards & Bouvier, 1900);
T, Solenopgurus lineatus (Wass,1963); U, Enneopgurus garciagomeziMcLaughlin, 1997;V,
PagurodesinarmatusHenderson1888.A, left fourth pereiopoddactylusthroughcarpus)ateral;B,
right fth pereiopod]ateral; C,left fourth pereiopodJateral;D, left fourth pereiopoddactylusand
propodus|ateral;E, right fourth pereiopod|ateral;F, left fourth pereiopoddactylusthroughcarpus,
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lateral; G-I, dorsal viev of whole body, pereiopodexcluded, dorsal; J-V, coxaeand sternite of

fth pereiopodsand sexual tubes. Abbreviations: cl, claw; preu-proc,preungualprocess; x-f,

x ed nger; otherabbreiationsasin 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, after Asakura2003.]
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etal., 2010).Furthermoreanotherconspicuoustructure,a prominent,circular OtypeAO
sensorystructur eis alsoknown in specie®f Elassobirus (Paguridaepnthelateralfaces
of the fourth pereiopod.The propodiare usually armedwith corneousscalesor spines.
Theremaybearow of widely separatespines,a singlerow of scalesor multiple rows of
scalesformingarasp(g. 70.15A,C).

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

Fifth pereiopod—The fth pereiopodsrereducedandusuallychelateor occasionally
subchelatéseede nition above).In Paguroidea thedactylusis sometimeprovidedwith
a row of tiny corneousspinesor teethon the cutting edge.The dactylusand propodus
(including the x ed nger) may have oneto a few rows of corneousscalessometimes
forming rasps(g. 70.15B).In males a gonopore generallyopenson both coxae of
this appendagé g. 70.5G).However, certainspeciesof Coenobitidagoossesgalci ed
tubular elongations (sexual tubes) on one or both coxae,acting as a spermdelivery
tube (seeReproductionpelav). Furthermoremalesof a numberof generain Paguridae
have membranouschitinous, or weakly calci ed sexual tubeson one or both coxae
(g. 70.15G-I).Thesesexualtubesmaybeshort,long, coiled,bentacrosgheventralbody
surface,or with aterminal lament. Thesestructuresprovide diagnostic characters for
speciesdenti cation aswell asfor genericassignmenf g. 70.15J3-V).

In Lithodoidea, this appendagés folded underneathhe carapacendis morphologi-
cally quitesimilar to thatof Paguridae.

In Galatheoidea and Chirostyloideg the fth pereiopodis considerablydifferent
from the precedinglimbs. It is markedly smaller than the walking legs, lacking spines
or ornamentatiorotherthan setae andis typically usedin grooming (gs. 70.3C,E, F,
70.17A, 70.18A,70.19A). The limb is composedf dactylus,propoduscarpus,merus,
ischiobasisandcoxa,andis heldfoldedagainstthebodyalongtheposterolaterainargin of
thecarapacegr partially concealedbeneathheanteriontwo pleomeresThedenselysetose
dactylusandpropodudorm achela,andthey maybe providedwith minuteteethor scales
on the occlusalmamgins. The setationof the chelais sexually dimorphicin Bathymunida
andallies(Munididae).In malesthegonopores presenbntheventralsurfaceof thecoxa.
In Galatheoideathe fth pereiopodcoxainsertson sternite8. In Chirostyloideasternite
8 is absentandthe fth pereiopodcoxainsertson the articularmembraneof the eighth
thoracomereln Kiwaidaeof thesuperfamily Chirostyloideathe fth pereiopods unusual
in having a strongly attened propoduswith a pronouncedemi-circularexpansionof the
extensomauigin, andin having its coxalinsertionbeneathhe seventhsternite,whichis not
visible externally Whenfolded, the limb is partially concealebeneatithe anteriortwo
pleomereg g. 70.3D).

In Aegloidea the fth pereiopodis reducedand modied, and therefore differs
signi cantly from the other pereiopodslt is carried beneaththe posteriorpart of the
carapacendfunctionsin cleaningthe gills, the posteriordorsalcarapacethe third and
fourth pereiopodandpleopodsandeggsin thefemale Thetip of theappendages chelate,
formedby thearticulationof a minutedactyluswith the propodusThe propodusgcarpus,
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merus,andischiumareall elongated,cylindrical sggmentswith varyingamountsof long
simplesetagmostlydistally). The basisis not fusedwith theischium,but articulateswith
theglobosecoxa.In malesthe coxais modi ed to carrya small sexual tube,of sorts.The
membraneousgasdeferensxtendsfrom the gonoporeon the coxa,andis supportediy a
slightly elongate,spoon-shapedrocess

In Lomisoidea, the fth pereiopods reducedslenderandde ectedinto thebranchial
chamberThetip of the dactylis minutelychelate.

In Hippoidea, this appendagés reducedchelate andfolded underneattthe carapace
(9. 70.9H-J).In males,agonoporeopenson bothcoxaeof the fth pereiopod.

PLEOPODS

First to bfth pleopods=— In Paguroidea the pleopodsarehighly variable.In Pyloche-
lidae,the pleomeresachhave apair of pleopodsin males the rst andsecondpleopods
aremodi ed asgonopods andthethird to fth pleopodamaybe uniramousor biramous;
in femalesthe rst pleopodsaremodi ed asgonopodsandthe secondto 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
pleopodsarepresentn femaleq gs. 70.10B,C, 70.16A,B). However, therearesomeex-
ceptions( g. 70.16C).For example,malesof speciesof PaguristesandPseudopguristes
have paired rst andsecondpleopodq gs. 70.5G,70.16D-F)andfemaleshave apaired
rst pleopod.all of which aremodi ed asgonopodsSimilarly, femalesof a considerable
numberof generain Paguridaeincluding Agaricocirus, Chanopgurus Enallopagurus
Lophopaurus Nematopgurus andPylopagurushave paired rst pleopodsmodi ed as
gonopodsThe rst to fth pleopodsaretotally absenin malesof Spiopagurus(Paguri-
dae)andCancellus(Diogenidae)ln Coenobitidaemaleslack the pleopodsbut females
have threeunpairedleft pleopods.n Parapaguridaemaleshave paired rst andsecond
pleopodanodi ed asgonopodswhile femaleshave pairedsecondpleopodsin which the
right is reducedandusuallyhave unpairedeft third to fth pleopods.

In Lithodoidea, themaleslack the pleopodsbut femalesoftenhave apairof small rst
pleopodsanduniramousunpairedsecondto fth left pleopodg g. 70.16GH).

In GalatheoideaandChir ostyloideg mostmaleshave pairedgonopod®nthe rst two
pleomeresandpairedmodi ed uniramougpleopodnthethirdto fth pleomeresSeveral
galatheoids,however, lack the rst gonopodin males,e.g., Agononida Anoplonida
Crosnierita and Galatheain ata Potts,1915.In femalegalatheoidsthe rst pleomere
lacks pleopods the secondpleopodis rudimentaryor well developed,and the third to
fth pleopodsarefully developed.n Porcellanidaemaleshave asinglepair of uniramous
pleopodson the secondpleomere andfemaleshave apair of uniramouspleopodson the
secondo fth pleomeresln mostChirostyloideamalesusuallyhave pairedgonopodson
the rst two pleomeresandfemaleshave pairedpleopodonthesecondo fth pleomeres.
In Eumunididaehowever, the maleslack pleopodsaltogether(exceptin somespeciesof
Eumunidain which a vestigialsecondpleopodmay be presentland femaleshave paired
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Fig. 70.16.Pleonalappendagesf PaguroideaandLithodoidea.A, B, DardanusrobustusAsakura,
2006;C, Pylopayuropsisfurusej D-F, Pseudopguristesbollandi; G, Paralithodes H, Oedignathus
inermis(Stimpson,1860).A, pleon,dorsolateralleft, male; B, samefemale;C, coxaeandsterniteof
fth pereiopodsnd rst pleopodsyentro-posterigifemale;D, coxaeandsterniteof fth pereiopods
and rst andsecondpleopodsyentral,male; E, distalportionof rst pleopodof male,external(left)
andinternal(right); F, distal portion of secondpleopodof male,external(left) andinternal(right);
G, pleon, outer female; H, pleon,inner, female. Abbreviations: bas-I, basallobe; bas-sg, basal
segment;co-p5,coxaof fth pereiopoddist-sey, distalsegment;endop endopodgxop,exopod;ext-
I, externallobe;inf-lam, inferior lamella;int-1, internallobe;pl-1 to pl-5, rst through fth pleopod;
tel, telson;terpls 1 to ter-pls 6, temite 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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secondo fth pleopodsln Kiwaidae,both malesandfemaleshave uniramoussecondo
fth pleopodsthoseof malesbeingreduced.

In Aegloideg the female has four pairs of well-developed, subequal,uniramous
pleopodsthat are two-sggmentedwith the proximal ssgmentbeing twice the length of
the distal ssgmentin the rst andsecondpleopodshut aslong asin thethird andfourth.
The distal segmentis terminally rounded,with numeroudong, simple setae.The male
pleopodsare greatly reducedand are representedby minute knobsonly on the second
throughfourth pleomeres.

In Lomisoidea the male hasa pair of prominentpleopodson pleonitesl and2, and
thenpairedvestigialbumps,representinghe pleopodspn pleonites3 through5. The rst
pleopodis uniramous 3-sggmentedwith the distalsegmentoval in shapeandsetoseThe
secondpleopodis 3-sgmentedandbiramouswith the endopodbeingoval in shapeand
setoseandthe exopodbeingdigitiform andsetosedistally. The femalehas ve pairsof
symmetricalpleopods.The rst pleopodis reducedand digitiform, while pleopodstwo
through veare2-sggmentedbiramousandsetoseTheexopodandendopodaresubequal
oneachpleopod.

In Hippoidea, femalesof Albuneidaeand Blepharipodidaéhave pairs of well-devel-
oped,uniramoussgecondto fth pleopodsMaleslack pleopodsput anexceptionis found
in specie®f somegeneraf Albuneidaewhich have rudimentaryor small pleopodsonthe
secondo fth pleomeresln Hippidae maleslack pleopodg g. 70.91),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
numerougorneousscalesorming raspson theendopodsandexopods(andoccasionally
onthe protopodg ( gs. 70.1A,70.10A-D,70.16A,B). The exopodsaregenerallylarger
thantheendopods.

In Lithodoidea, uropodsareabsen{ gs. 70.10E,F, 70.16G).

In GalatheoideaandChir ostyloideg theuropodsconsistof ashort,stoutprotopodthat
may or may not bearspinesandsetae anda lamellarexopodandendopod.The magins
of theexopodandendopodarelined with plumosesetaeandsometimeslsosmall spines
or denticles.Togethemwith thetelson,theuropodsform atail fan( gs. 70.3C,E, 70.17B,
70.18F 70.19E,70.20D).

In Aegloidea the sixth pleomerebearswell-developed,oval, lamellar uropods,the
mauigins of which are lined with denseplumoseand simple setae.The outerandinner
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-sggmentedand the outer rami are threetimes
aslong asthe innerrami. Whenthe pleonis extended the uropodspoint anteriorly not
posteriorly The uropodsarevestigialin males.

In Hippoidea, apair of uropodss presentspecializedor burr owing, andnotprovided
with raspsin Hippidae,theuropodsarelong andlamellar( g. 70.9H).
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Fig. 70.17.GalatheoideaA-F, Munida (Munididae);G, Galathea(Galatheidae)A, dorsalhabitus;
B, ventral habitus; C, maxilliped 3, lateral view; D, maxilliped 3, mesial view shaving crista
dentataE, antennasegmentsnumbered}, sternalplastron,segmentsnumberedG, pereiopod2.
Abbreviations: aag, aperturef antennalgland;an, antennaal, antennulep, branchialregion; bas,
basisic, cardiacregion; carp,carpusgd, cristadentatagrg, cervicalgroove; cox,coxa;dact,dactylus;
e, eye; epi, epipod; exo, exopod; ib, ischiobasisjsch, ischium;la, linea anomurica;mer, merus;
mxp3, maxilliped3; pg, postcervicaroove; plthrough5, pereiopodd through5; pin 1 through6,
pleonitesl through6; r, rostrum;ptf, pterygostomialap; ss,supraoculaspine;stp, sternalplastron;
tel, telson;uro, uropod.[Modi ed afterBabaetal.,2009.]
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Fig. 70.18. Chirostyloidea,Chirostylidae: Uroptydus spinirostris (Ahyong & Poore,2004). A,
dorsalhabitus;B, body right lateral view; C, antenna,D, maxilliped 3, lateral view; E, sternal
plastron;F, posteriompleon.[Modi ed afterAhyong& Poore,2004.]

INTERNAL MORPHOLOGY
Both McLaughlin (1980,1983c)and Felgenhaue(1992b)provided excellentreviews

of theinternalsystemsf all decapodsOnly subsequentpr moredetailedworks speci ¢
to anomurarinternalsystemsarediscussedbelow.
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Fig. 70.19.Galatheoide&orcellanidaePetrolisthes A, dorsalhabitus;B, carapacedeft lateralview;
C, orbitandantennapP, maxilliped 3, lateralview; E, sternalplastronandposteriompleon.[Modi ed
afterOsawvaetal.,2010.]

Muscles

Mellon (1992) reviewed the ultrastructureof decapodmuscles but publishedwork
on the speci ¢ musculature of anomurandgs sporadicand limited to just a few taxa.
Pilgrim (1973) describedthe speci ¢ musculaturein the thorax of the hermit crab
Paguruslongicarpus Pike (1947)describedhe musculaturef the squatlobsterGalathea
squamifea Leach,1814,andMyklebust& Tjonneland1975)examinedthe ultrastructure

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 265

Fig. 70.20.ChirostyloideaKiwaidae:Kiwa hirsuta. A, body, right lateralview; B, anteriorsternal
plastron, somitesnumbered;C, antennaand antennulessegmentsnumbered;D, distal pleon.
[Modi ed afterMacphersoretal.,2005.]

of the cardiacmusclecellsin the galatheid, Munida Meiss& Norman(1977b)provided
an overview of the musculatureof the stomatogastric systemin someanomuransand
similarly Kunze& Anderson(1979)analyzedthe musclesin the foregut of Clibanarius
taeniatus(H. Milne Edwards,1848) (seedigestve systembelawn). A seriesof papershy
Paul and colleagueson the neuromusculamorphologyusedfor swimming, escapere-
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Fig. 70.21.Aegloidea,Aeglidae. A-C, G, Aala uruguayanaSchmitt,1942; D-F, Aagla platensis

A, carapaceglorsal viev; B, carapaceright lateralview; C, antennaP, maxilliped 3, lateralview;

E, maxilliped 3 ischium,mesial view showing crista dentata;F, anteriorsternalplastron,somites
numbered(, posteriorpleon.[Modi ed afterMartin & Abele,1988.]

sponsetail- ipping, or digging in decapodsincludedseveral anomuranse.g., Munida,
Blepharipoda andEmeritg andinvestigatedthe evolution of the morphologyandbeha-
iorsbasedn comparisonsf pleonalmusculatur@ndassociatedeuralcircuitry (seePaul
etal., 1985;Paul, 1989, 19912003).
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Fig. 70.22.Lomisoidea,Lomisidae:Lomis hirta. A, carapaceand anteriorpleon (pleonitesnum-

bered);B, carapaceleft lateral view; C, maxilliped 3, mesialview; D, sternal plastron,somites

numberedE, posteriorpleon,male;F, telsonandleft uropodof female,ventralview (right pleopod
notshawvn). [Modi ed afterMartin & Abele,1986.]

Nervwussystem

Govind (1992) pravided an excellentoverview of the decapodhervous 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 superémilies, in
the contet of the evolution of certainbehaiors. The morphologyand evolution of the
cerebral ganglia (brains) of 13 speciesof decapodsncludingthreeanomurangPagurus
Birgus and Petrolistheg is also describedin Sandemaret al. (1993). In hermit crabs,
the supraesophageafianglion (brain) is prominent,andlocatedin the midline between
the ocularpedunclesand abee the epistome From this ganglion, major nerves radiate,
including the optic, antennal,antennular and tegumentalnenes (McLaughlin, 1980,
1983c).

Aroundthe esophagughe esophageatonnectie is located,with the swelling of the
paraesophageatjanglion. Theesophageaonnectve terminatesn athoracic ganglionic
massoverlayingtheventralthoracicartery( g. 70.24A,C). Threemassesf fusedganglia,
separatetby constrictionscomprisethisthoracicmassThethird clusterof ganglia,which
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Fig. 70.23. Cephalothoracicappendage®f Hippoidea.A-L, Lophomastixjaponicag M, Hippa
paci ca. A, left antennuleateral; B,left antennalateral;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;l, rst pereiopodright, lateral;J, secondpereiopod]eft,
lateral; K, third pereiopodleft lateral; L, fourth pereiopod left, lateral;M, antennaleft lateral.
Abbreviationsasin g. 70.12.[A-L, afterBoyko, 2002;M, afterBoyko & Harwey, 1999.]

is piercedby the sternalartery is composeaf thegangliaof thefourthand fth pereiopod
and rst pleomere.

In the pleon, the nene cord is of the laddertype with ve pairs of fused ganglia
(g. 70.24C).As aresultof the e xure of the pleon,the nene cordin hermit crabsis
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skewedto theleft from the secondo fourth pleomeresThe pleonal e xurealsoresultsin
theatypicaldevelopmentof pleonalmusculature.

Senseorgans

An overview of senseorgansin Decapodaanbefoundin Govind (1992).Compound
eyes,antennulaaesthetassensilla,andstatogstsarethreeorgansfor whichthereis some
publishediteraturespeci ¢ to Anomura.

Theknown typesof eyesin anomuranincludetheappositioneye ( g. 70.25A),found
in the hippoid, Hippa adactylaFabricius,1787 andthe aegloid, Aggla denticulataNico-
let, 1849,andthe superposition eye ( g. 70.25B),of which therearethreeforms(Gaten,
1998; Richter 2002; Porter& Cronin, 2009) (g. 70.25C-H).Theseare the ref3ecting
superposition compoundeye (with mary mirrors),whichis foundin the galatheoidsin-
cludingPetrolistheselongatugH. Milne Edwards,1837),PorcellanaplatycdhelesPennant,
1777),Munida irrasa A. Milne-Edwards, 1880, and Munida rugosa (Fabricius, 1775),
thechirostyloids,e.g.,Chirostylusinvestigatoris(Alcock & Anderson,1899)(seeBursey,
1975;Eguchietal.,1982;Fincham1988;Meyer-Rochav etal.,1990;Gaten,1994,1998),
andalsoin thelithodoid Paralomismultispina(Benedict,1895)(seeEguchietal., 1997).
Thenthereis the refracting superposition eye (with mary lenses)nly foundsofarin
Anomura(cf. Nilsson, 1990)in the diogenid hermit crab, Dardanus mejistos (Herbst,
1804)( g. 70.25K).And nally theparabolic supeposition compoundeye (with mirror-
lenscombinationfoundin thepaguridhermitcrab,Pagurusbernhadus(Linnaeus1758),
by Nilsson(1988).All formsof the compoundeye contritute to theformationof a single,
erectimagein theeye, on alayerof contiguousdeep-lyingreceptorq g. 70.251,J). Her-
mit crabshave compouncdeyesthatarecoveredby the cornea atransparentversionof the
generabodycuticle,andseton moveableeyestalks(theocular peduncleg ( gs. 70.1A-1,
70.5A-C,70.6A,B, 70.8A,70.10A,B). Thefacetsaresquarein outlinein galatheoidsand
somespecienf the symmetricalhermit crabsPylochelidaejncluding Cheiroplatealati-
caudataBoas,1926andPylothelesmortenseniBoas,1926.Hexagonalfacetsarealmost
certainly plesiomorphic, so the presencef squarefacetsin galatheoidsandpylochelids
lendssupportto a closerelationshipbetweenthe two groupsasrecoveredby recentphy-
logeneticanalysegAhyong & O’Meally, 2004; Tsanget al., 2008; Ahyong et al., 2009).
Theommatidialfacetsarehexagonalin all otherhermitcrabsandin Hippidae(cf. Richter
2002).Thecorneais well pigmentedin almostall anomurarspeciesput variablein size
andshapeExceptiondo stronglypigmentedcorneasncludedeep-seaembersik e Kiwa
(g. 70.3D), somegalatheoidgMunidopsidae)and Pylochelidag(Cheimoplateg for ex-
ample)wherethe corneacanbe dgeneratd g. 70.5E).A single hermitcrabspeciesthe
deep-segarapaguridlyphlopayurusforestide SaintLaurent,1972( g. 70.5F),wasini-
tially reportedto completelylack eyes(corneas)de SaintLaurent,1972),but Lemaitre
(2006)later showedthatthe corneasverepresentput aresmall, andhiddenboth distally
andventrally,

The primary chemosensoryorgans of decapodsare the antennulaethe dactyls of
thewalking legs, andthe mouthpartsAntennularchemosensitity is usuallyascribedo
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Fig. 70.24.Digestive, nenous,andcirculatory systemsof a paguridhermitcrab AbbreviationsA,
B: aat,antennahrtery;abg,pleonalganglion;ag,antennalgland;ala, anteriorlateralarteries;amec,
anteriormidgut caeca;an, anus;ca, cephalicartery;cf, cor frontale (frontal heart);ec, esophageal
connectve; es,esophagusiac, 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; 0a, optic artery; 0s, ostium; pa, posterior
aorta;pmc, posteriomidgutcaecumsa,sternalartery;seg, supraesophageghnglion;tgm, thoracic
ganglionicmass;tt, testis;vab, ventral aorticoranch;vd, vasdeferensync, ventralnene cord; vta,
ventralthoracicartery AbbreviationsC: crb-r, cerebralregion; pl-r, pleonalregion; thrc-r, thoracic
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aesthetasc®r sensillaborneon the lateral lament of this appendagdn the hermitcrab
PagurushirsutiusculugDana,1851),the aesthetasosf the antennulaeachhave between
300and500receptorsandapproximatelyp000-800Gsensoryendings Il thelumenof the
aesthetascd his givesan estimatedbranchingratio of about20 distal branchedor each
dendrite in the basalregion of a seta. The aesthetasbairs have also beeninvesticgated
on the antennulaef the land hermit crab generaCoenobita(cf. Ghiradellaet al., 1968;
Vannini& Ferretti,1997)andBirgus(cf. Stensmyret al., 2005),wherethey areadapted
for insect-like olfaction in the terrestrial/aeriaervironment(Vannini & Ferretti, 1997;
Greenavay, 2003;Stensmyietal., 2005).
The importantmechanoieceptor is the statocyst a gravity receptor providing bal-

ance |ocatedatthe baseof the rst antennulasegments.

Digestiwe system

The digestive or alimentary systemin decapodss particularly well describedand
illustrated,in the overview of internalanatomyby Felgenhauef1992b)andthenagain
laterin the samevolumeby Icely & Nott (1992).Apart from thosestudies,thereis only
limited literaturespeci ¢ to Anomura.

In anomuransthe principal componentf the digestve systeminclude the esoph-
agus the foregut (stomach), the midgut, the hindgut, andtheir accompaying glands
(caecd (g. 70.24A). The esophagusf anomurandgs short. The foregut is divisible
into the anteriorchamber(cardiac stomach and posteriorchamber(pyloric stomach
(g. 70.26A-C).Theinnerwalls of thesechamberaredeeplyfoldedandstrengthenety
a sries o plates or ossicles The entrancefrom the esophaguso the anteriorchamber
is guardedby the esophagealalvesthat preventback ow andassisttogetherwith the
lateral accessoryteeth (pectineal ossicle$, in pushinglarger food materialtowardsthe
cardiopyloric valve andgastric mill (g. 70.26D,E, G, H). Thegastricmill is locatedin
theanteriorchamberandits lateralanddorsalteethactin trituration of this larger mate-
rial (g. 70.26F).The cardiogyloric valve lies in the ventralmidline at the posteriorend
of theanteriorchamberndseparates large median food channelleadingto the gastric
mill from pairedventrolaterathanneldeadingto theampullae. Setalscreendorneonthe
post-pectineahndanterolateratardiacossiclegyuardtheentranceso theseventrolateral
channels The cardiac setalscreengovernsthesizeof particlesthatpassnto thechannels
andthenontotheampullae Theampullaethemselescontainfurthersetalscreenswhich
separatechanneldeadingto the digestive glands from channeldeadingto the midgut.
The midgutis an elongate, thin-walled, smoothtube extendingalmostthe full length of
the pleon. The hindgutterminatedn a ventrally directedanus at the terminalend of the
telson(McLaughlin,1983c).

region. AbbreviationsD: bl, nephrosacblc, duct betweenanteriorand posteriorvesicularmasses;

egl, epigastriclobe; gg, left antennalgland; mvl, mediosentral lobe; pgl, paragastridobe; sgl,

supragastritobe.[A, afterMcLaughlin,1980,1983c;B, D, afterMakarov, 1962;C, afterSandeman,
1982.]
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Fig. 70.25.A-H: diagrammatiaepresentatiomf the main typesof anomurancompoundeyes. A,
appositioneye, showing isolation of the ommatidium;B, superpositioreye, showing redirection
of light from mary facetsto the target rhabdom;C-H, light paththroughthe crystalline conesof
superpositioneyes viewed from the side and from above (the dottedline marks the ommatidial
axis); C, D, re ecting superposition;g, F, refractingsuperposition;G, H, parabolicsuperposition;
I, Pagurus longitudinalsection throughommatidium;J, Pagurus proximal retinal cell. Abbrevi-
ationsA-J: bm,basilarmembranechy, corneakell; cor, corneagrsc, crystallineeone;n b, unpaired
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At thejunctionof theanterior chambeof theforegutandtheposterior chambeia pair
of small, anteriorlydirectedcaecathe anterior midgut caeca arisedorsally andducts
of thehepatopancreas(midgut gland) alsoenterthe midgutatthislevel. At thejunction
betweenthe midgut andthe hindgut (rectum), a prominent,anteriorly directedcaecum
theposterior midgut caecum arise(McLaughlin,1983c).

Other publishedworks on the gastric mill and other partsof the digestve systemin
anomuransanbefoundin Patwardhan(1935),Schaefef1970)[for Diogenesbrevirostris
Stimpson,1858]; Pike (1947) [for Galatheasquamifea]; Caine(1975,1976), Meiss &
Norman(1977ab),andKunze& Anderson(1979)[for ClibanariustaeniatusClibanarius
virescengKrauss,1843), Paguristessquamosus$vicCulloch, 1913,and Dardanussetifer
H. Milne Edwards,1836].Morphologyandfunctionalanatomyof theforegut, speci cally,
are provided for the galatheoidsPorcellana platychelesand Galatheasquamifea, by
Ngoc-Ho (1984) and Pike (1947), and more recently for the aglid, Agyla platensis
Schmitt,1942,by Castro& Bond-Buckup(2003).

Circulatory system

Generaloverviews of the decapodcirculatory/vascular system(including blood or
hemolymph) canbe foundin McLaughlin(1980,1983c),Felgenhauef1992b),andMar-
tin & Hose (1992).The decapodctardiovascular systemhasa single muscularventricle
suspendeth thepericardial sinusby ligamentg g. 70.24A,B). Thehemolymph(blood)
is pumpedoutinto sevenarteriesy(1) anteriorlyis theanterioraorta,(2) and(3) the paired
anterolaterahrteriesand(4) and(5) the pairedhepaticarteries;posteriorlyis (6) the pos-
terior aortaand(7) the sternalartery (Wilkens,1999). The anterioraorta suppliesblood
to the eyestalks,antennaeandsupraesophageganglion. The anterolaterahrteries sup-
ply bloodto the gonadsdorsalhepatopancreadyregut, andantennablands.The hepatic
arteriesbranchinto the restof the hepatopancrea3he posterioraortasuppliesblood to
thepleon,hindgut,andpleopodsLastly, the sternalarterydividesventrally afterit leaves
the heartandsuppliesblood to thelimbs andmouthpartsAll arteriesfurther branchinto
arterioles,theninto ne capillary-like vesselsand nally dissole into lacunaelt is at
the level of the lacunaethatthe blood bathesall the tissuesandgas, nutrient,and waste
exchangeoccurs.Decapoddack a true venoussystem(althoughthereareafferentandef-
ferentbranchialveinsonly in thegill lamellae)andrely onasystemof lacunaeandsinuses
to collectthebloodandtransporit backto theheart,via thegills andthreepairsof cardiac
ostia (McLaughlin,1983c;McGaw, 2005).

brils; nopf, ber of pedunculatobusopticus;nu, nucleuspre,proximalretinalcell; rb, rhabdome;

re, distal retinal cell (principal pigmentcell); vit, vitreousbody. K, the stratigraphicrangesof the

extant crustaceangexcluding thosewith reducedor absenteyes)togetherwith the opticsused(in

bracletswherepresumed)the dottedlinesindicatepossibleevolutionaryrelationships[A-H, after

Nilsson,1990and Gaten,1998; 1, J, after Makaror, 1962; K, after Gaten,1998 basedon Schram,
1982,Wéagele, 1989,andGlaessnerl969.]
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Fig. 70.26.Proventriculusof Clibanariustaeniatus A, proventriculusandits ossiclesdorsal viav;
B, same ventralview; C, same,lateralview; D, lateralaccessoryeeth;E, lateralteeth;F, dorsal
tooth of gastric mill, ventral view; G, cardiogyloric region, dorsal viev, shaving ventrolateral
channelsleading to ampullae;H, cardiogyloric valve. Abbreviations A-C: aip, anterior inferior
pyloric ossicle;alcp, anterior lateral cardiacplate; ampt ampullary roof ossicle;aocpy anterior
ossicleof cardiogyloric valve; aplp, anterior pleurogyloric ossicle;asa,anterior supra-ampullary
ossicle;dv, dorsalvalve; exp, exopyloric ossicle;iamp,inferior ampullaryossicle;ilc, inferolateral
cardiacossiclejocpy, lateralossicleof cardiopyloric valve; lv, lateralvalve; mc,mesocardiaossicle;
mplp, middle pleurogyloric ossicle;msa, middle supra-ampullaryossicle; oes, esophaguspesy
esophageavbalve; p, pyloric ossicle;pe, pectinealossicle;pip, posteriorinferior pyloric ossicle;
Ipcp, posteriorlateralcardiacplate; pmp, posteriormesogyloric ossicle;pocpy posteriorossicleof
cardiofyloric valve; pope,postpectineabssicle;pplp, posteriorpleurogyloric ossicle;pramp,pre-
ampullaryossicle;prp, propyloric ossicle;prpe,prepectineabssicle;psa,posteriorsupra-ampullary
ossicle;pt, pterocardiaossicle;sd,subdentaryossicle;uc, urocardiamssicle;up, uropyloric ossicle;
zc, zygocardiacossicle.Abbreviation F: uc, urocardiacossicle.Abbreviations G: ampuc,upper
chambeiof ampulla;cpy, cardiogyloric valve; fp, Iter pressjar, interampullaryridge; med,median
channelylc, ventrolaterathannel[A-H, afterKunze& Anderson]1979.]
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PAGUROIDEA

In hermitcrabstheheart is locatedin the posteriordorsalregion of the cephalothorax
underthe carapaceThe heartis 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 anterodorsapair and two lateral pairs of ostia
(9. 70.24A,B). Eachostiumis providedwith a setof valvesthatpreventsthe bloodfrom
0 wing backinto the pericardialsinuson systole

Emanatingrom the heartanteriorlyarethreearteries the medianoptic arteryandthe
pairedanteriorlateralarteries A frontal heart (cor frontalé is formedin the optic artery
anteriorlyfromtheheart.Thisstructurewas rst describedy Baumanrn(1917)asaspecial
pulsatingstructureor an accessoryheart formed from enlagementof the blood vessel
[but seealsochapter in volume2 of the presenseries].The optic arterypasse®ver the
dorsalsurfaceof the foregut andthenturnsventrally and dividesinto two brancheghat
provide blood to the anteriorcephalicareaand supraesophageghnglion. The anterior
lateralarteriesprovide branchego the foregut andmusculatureVentrally from the heart,
thesmall hepaticarteriesarelocatedln hermitcrabsthispairof arterienolongersupplies
bloodto thehepatopancreashich now liesalmostexclusively in thepleon,but terminate,
instead pntheforegut or midgut.

Fromthe posteriomaigin of theheart thesternalarteryandthe posterioraortaemenge;
theformeris antero-entrallydirected andthelatteris large andposteriorlydirected.The
sternalarterypassesentrallyinto the sevenththoracomerendthenturnshorizontally At
thelevel of the fth thoracomereit turnsventrallyagain andpierceshe centralganglionic
massbetweenthe nenes ofthe secondandthird pereiopod Beneaththe nene cord, the
vesselividesinto anteriorandposteriorbranchesTheformer, theventralthoracicartery
providesbloodto the chelipedsmouthpartsyenalgland,andventralregion of theforegut;
the latter suppliesblood to the third through fth pereiopodshut, in contrastto other
anomuransit doesnotenterthepleon.

Fromthe posterioraorta,the ventral aorticbranchis at the level of the rst pleomere,
andthenit dividesfurtherinto the submusculaand supramusculabranchesat the level
of the third pleomere.The submusculatbranchpassesentrally alongthe ventralnene
cord andterminatesn the sixth pleomere The supramusculabranchprovidesnumerous
brancheso thehepatopancreamdgonadsandterminatesvith branchego thetelsonand
uropods.

Recentwork onthe hermitcrabcardiorascularsystemis speci ¢ to theterr estrial her
mit crabs,Coenobitidagcf. Greenavay, 2003)andhasrevealedin Birgusand Coenobita
(via intricate corrosioncasting)a well-developedand complex network with highly vas-
cularizedbranchiostegallungs andpleonal lungs in additionto gills (Farrelly & Green-
away, 2005).

LITHODOIDEA

Sophisticateatorrosioncastingtechniquesverealsorecentlyemployed by McGaw &
Duff (2008)to reveal the intricate cardiozascularsystemof the lithodid crabs,Lopholi-
thodes mandtii Brandt, 1848 and Lopholithodesforaminatus (Stimpson, 1859). The
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systemis essentiallythe same as that describedabore for decapodsand hermit crabs,
exceptthat differencesccurin the pleonbecausef its shortenedand ventrally folded
naturein lithodids. Also, the processof carcinization in the king crabsmeansthat the
cardiovascularmorphologyis very similar to that describedior mary bractyurancrabs,
but appeardo besimpler (McGaw & Duff, 2008).

Excretorysystem

A generaloverview of the decapodexcretory systemcan be found in Felgenhauer
(1992b).A variety of tissuesandorganscontribute to metabolic wasteexcretion, but the
excretionin anomurangs mainly via theantennal glands, which ariseascoelomoducts
and remnantsof the coelomin the antennalsomite. It is composedof a mesodermal
coelomicsacculusandan ectodermahephridial canaliculus The proximal part of the
canaliculuss very rami ed, forming the labyrinth (nephrostome, andthe distal partis
broadenedo form acollector bladder ( g. 70.24D),outof which leadsanefferent duct,
lined with a chitinouscuticle terminatingin anopening(nhephropore) on the mesialside
of basalportionsof theantenngMcLaughlin,1980,1983c)( gs. 70.17E,70.21C).

In hermit crabs,the anterior vesicular massis foundin the cephalothoraxywhich is
connectedvith anastomoses theantennaglands Eachanastomosis broadenedo form
amassof rami ed tubeswhichin turnform the epigastriclobe. Fromthis lobe,anarrov
canalis extendedwhichleadsto anothepair of massesf rami ed tubestheparagastric
lobes situatedon the lateral sidesof the stomach.This pairedmassis connectedwith
a snal supragastric lobe. Beneaththe stomachthe single medioventral lobe is found,
whichby mean®of ananteriorandposteriobranchis connectedvith theparagstriclobes.
In hermitcrabs,a posterior vesicular massis alsofound. It consistsof a pair of rami ed
tubedleadingoutof the paragstriclobes,extendingalongtheintestineto thepleon,where
they uniteto form a single pleonal bladder (nephrosag with thin walls that extendsfor
approximatelythreequartersof the lengthof the pleon(McLaughlin,1980,1983c).

Several papersdealingspeci cally with the excretory systemof the highly modi ed,
terrestrialcoconutcrab, Birguslatro (Linnaeus,1767) (cf. Greenavay & Morris, 1989;
Greenavay et al., 1990; Dillaman et al., 1999; Morris et al., 2000), are reviewed in the
paperon terrestrialadaptation®f the Anomuraby Greenavay (2003).

Genital apparatusand reproduction

Although Anomuraare morphologicallydiverse the external genital apparatus gen-
erally consistsof small sphericalor oval gonoporeson the ventralcoxal segmentof the
third pereiopodin females( g. 70.9J)andthe bfth pereiopodin males(g. 70.5G),as
hasbeenuniversallydescribedor the reptantDecapoddcf. Felgenhauerl992a;Krol et
al., 1992),andin moredetailfor Agyla (cf. Martin & Abele, 1986,1988),Coenobita(cf.
Martin & Abele,1986; Tudge& Lemaitre,2006),Diogenes(cf. Manjon-Cabez& Gar
cia Ras0,2000),Clibanarius(cf. Hess& Bauer 2002),Galathea(cf. Kronenbegeretal.,
2004),andIsocheles(cf. Mantelattoet al., 2009a),and Pagurus(cf. Scelzoet al., 2010).
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Variationsonthis basicpatternhave beendescribedor intersexindividualswhereusually
both setsof maleandfemalegonoporesrevisible externally, althoughthe internalfunc-
tionality varies,with only rarecase®f actualhermaphroditism having beernreportedRe-
centpaperoninterse hermitcrabsincludeMcLaughlin& Lemaitre(1993), Turra(2004,
2005,2007),Guse& & Zabotin(2007),andFantucciet al. (2008),while Kronenbeger et
al. (2004)brie y recordednstance®f intersex individualsin Galathea(Galatheidaefrom
theNorth Sea.

Interestingly somemale anomuranshave one or both gonoporesxtendedas tubular
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 aalids (Martin & Abele, 1988) and hippids (Snodgrass1952),
but detailedmorphologicalandultrastructuraldescriptionsare only recentlyavailablefor
the hermit crabsMicropagurus acantholepigStimpson,1858) (Paguridae)(Lemaitre &
McLaughlin,2003;Tudge& Lemaitre 2004),andCoenobiteclypeatugHerbst,1791)and
CoenobitaperlatusH. Milne Edwards,1837 (CoenobitidaeTudge& Lemaitre,2006).
The occurrenceanddiversity appeargreatesin Paguridagpresenin someform in more
than60% of the genera) but impressiely large andheaily calci ed homologues(?also
areapparenin the two generaCoenobitaandBirgus of the terrestrialCoenobitidaeln
the investigated taxa(above) the function of the sexual tubesas active spermatophore
delivery structures has beencon rmed for representaties in both families, but the
evolutionarysigni cance andhistoryof the structureswill probablyhave to wait for better
familial andsuperémilial phylogenies.

The internal morphology of the male and female reproductve system has been
describedand illustrated by Felgenhaue(1992b)and Krol et al. (1992), as a general
overview of Decapoda.

The male reproductive system in Anomuraconsistsof paired testes eachleading
to an extermal gonopore on the fth pereiopod(andary of its modi cations mentioned
above) via a cornvolutedvas deferensand straightergonoduct ( g. 70.24A). The entire
tubular systemcan be divided into discretefunctional regions (testis, collecting tubule,
proximal, medial, and distal vas deferensand gonoduct)basedon external appearance,
diameter musculature and glandular actiity, with differing numbersof further sub-
regionsidenti ed in varioustaxa (Mouchet,1930,1931; Rathnaathy, 1941; Matthews,
1953, 19564, b; Greenwood, 1972; Subramoniam,1984; Fingerman,1992; Manjén-
Cabeza& GarciaRaso0,2000;Hess& Bauer 2002; Kronenbeger et al., 2004; Tirelli et
al., 2006).

A mostvoluminouspartof theliteratureon anomurarreproductioris in theareaof the
microstructureand ultrastructureof male spermatophoresand containedspermatozoa
The anomuranspermatophoras the most complex of the decapodspermatophores
(Hinsch,1991ab; Subramoniam]991;Fingerman1992;Krol etal., 1992)andis usually
describedhsatripartite,stalked structur ewith afootor pedesta) astalk of variablewidth
andlength,and a bivalved, terminal ampulla full of spermatozogTudge,1991, 1997,
1999).With afew exceptionse.g.,Aeglidae,Hippoidea,andpossiblythe Lomisidaeand
somelLithodoidea,all anomurarrepresentatiesinvesticatedfor spermatophoretructure
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have this comple stalkedmorphologybut with mary 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,the male spermatophorenorphologyis known (throughlight microscop, scanning
or transmissionelectronmicroscopy) for 84 species,in 41 genera,from 12 of the 17
currentlyrecognizecanomurarfamilies(McLaughlinetal., 2007a).The ve familiesfor
which the spermatophorenorphologyis currently un-documentedre Blepharipodidae,
Chirostylidae Hapalo@stridaeKiwaidae ,andPylojacquesidae.

The spermatozoashav similar diversity within Anomura (see g. 4 in Tudge &
Schelting, 2002, for representaties of 13 anomurarfamilies) but with someconsistent
characteristicsuites of traits (Tudge, 1997). Anomuran spermatozoavary from long,
pseudo-Ragellatecells with multiple armsformedinto a rope-like tail (the porcellanid
generaPisidiaandAliaporcellang, throughdepressedvoid cellswith barelydiscernible
verticesfor arms (Pylochelesand Lomig, to the commonestform where an ovoid to
elongate, complely zoned, acrosome vesicle sits superiorly on a meagercytoplasm
with usually three microtubular arms and a posteriornucleus (seethe hermit crabs
Birgus Clibanarius andPagurug. Threeimportantreview papersxhaustvely summarize
and/orlist all the previous anomurarspermatozoditeraturefrom the early 19005 tothe
presentjn the contet of reviewing the morediverseandlarger crustacearmnd decapod
spermatozoamorphology Thesereview papersare Jamiesor(1991),Jamieson& Tudge
(2000),andmostrecentlyTudge(2009),thelattertwo beingchaptersn booksondecapod
reproductionand phylogery, respectiely. When collated, the spermatozoamorphology
is currently knowvn (at the LM, SEM, and TEM level) for 74 speciesin 39 genera,
representindl4 of the 17 currentanomurarfamilies. The remaininganomurarfamilies
for which we have no dataon spermatozoamorphologyare BlepharipodidaeKiw aidae,
andPylojacquesidae.

Somepublicationsdealingexclusively with aspectof female reproductive biology
in anomurangseereview in Krol et al., 1992),a galatheid(Kronenbeger et al., 2004),
andthen speci cally in hermit crabs,are available and include descriptionsof ovaries,
oogenesisand/oreggs(Subramaniam]935; Carayon,1941; Kamalerani, 1949; Komm
& Hinsch,1987),eggPxation to pleopods(Matthevs, 1959),eggincubation (Torati &
Mantelatto,2008),andeggvolume andfecundity (Terossiet al., 2010).A review of the
literatureon femalelife history traits (including brood size, egg diametey and eclosion
date)for the familiesHapalo@stridaeandLithodidaecanbefoundin Zaklan(2002).

Endocrinesystem

Decapodylandscanbedividedinto endocrineandexocrine Theendocrinesystemis
furthersubdvidedinto neuroendocrineglands(sinusglands, postcommissuralorgans
and pericardial organg and non-neural or epithelial endocrineglands (Y-organs
mandibular organs and androgenic glands). The exocrine glandsinclude dermal
tegumental glands antennal glands (usually treatedas part of the excretory system),
andmidgut glands(usuallytreatedaspartof the digestive system)Fingerman;1992).
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Hanstrom(1939)andKurup (1964) addressethe presenceand structureof the sinus
gland in Anomura, with the latter paperspeci cally on the porcellanid, Petrolisthes
cinctipes(Randall, 1839). Similarly, the pericardial organ is describedin the hermit
crab, Pagurus bernhadus (Paguridae)by Alexandravicz (1953) and the lithodid crab,
Paralithodesbrevipes(H. Milne Edwards& Lucas,1841)by Miyawaki (1955).

The existenceof the Y-organ, which functionsin controllingaspect®f molting, is re-
portedin Diogenes Clibanarius andPaguristesin DiogenidaePagurusandAnapaurus
in Paguridae;Galatheain Galatheidaeand Porcellanaand Pisidia in Porcellanida€cf.
Gabe,1953;Le Roux,1974,1982).The Y-organsare situatedin the maxillary somitein
Pagurusandin the maxillulary somitein zoeaeof Clibanarius Pagurus andPisidia.

The existenceof the mandibular organs which might well be involved in various
metabolicprocessecluding the controlling of molting, reproductionand processesf
developmentandmetamorphosiss reportedin Clibanariusin Diogenidae;Pagurusand
Anapayurusin PaguridaeandPorcellanaandPisidiain Porcellanidagcf. Le Roux,1968,
1974).Thisorganis locatedin thevicinity of theinsertionof themandiblesj.e., neartheir
articulationwith the scleritesof the cephalothorax.

Theandrogenicglandsareonly foundin malemalacostracansherethey areinvolved
in sexual differentiation(Fingerman;1992). Charniaux-Cottor{1955)namedthe “andro-
genicgland”in theanatomyof anamphipodand,in alaterpapewith colleaguesdescribed
theultrastructureof this organfrom the diogenidhermitcrabClibanariuserythropus(La-
treille, 1818)(seeCharniaux-Cottoretal., 1966).

Tegumental glands are scatteredthroughoutthe decapodcuticle and may be uni-,
tri-, or multi-cellular (Felgenhauerl992a;Fingerman,1992),the latter often referredto
asrosetteglands Thesetypical tegumentalrosetteglandshave recentlybeenrecorded
in the baseof the fth pereiopodof the land hermit crab genusCoenobita(cf. Tudge
& Lemaitre,2006) and scatteredalongthe fth pereiopodin speciesof the freshwater
anomurargenusAgyla (cf. Almerdoetal., 2007). Anomurawere alsothe sourcefor the
recentlycharacterizedrustaceanhyperglycaemichormone by Montagneet al. (2008).
It wasalsorecentlydiscoreredthat the neuroendocrinaystemis involved in regulating
saltandwaterbalancen theterrestriahermitcrab,Birguslatro aswell asin theterrestrial
gecarcinidbractyuran crabs(Morris, 2001). Theseterrestrialdecapodshave evolved a
Itration andreabsorptiorsystemthatis analogousjn mary respectsto the vertebrate
kidney.

DEVELOPMENTAND LARVAE

Larval developmentin Anomurais metamorphic. A generalreview of eventswithin
the constituengroupsfollows here.

Paguroideaand Lithodoidea

The brst post-embryonic stage is a zoea(g. 70.27A,E-H, J, K). The zoealstage
is followed by metamorphosis to a megalopa (g. 70.271, L), often referredto as
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Fig. 70.27.Larvae of Paguroideaand Lithodoidea:A, diagrammaticpagurid; B, C, Pagurus D,
Lithodes E-l, PagurusconstangStimpson,1858);J-L, Paralomishystrix (De Haan,1846).A, rst
stagezoea ateral; B,posteriormangin of fth pleomeresixth somite,andtelsonof third stagezoea,;
C, posteriormamgin of fth pleomereandtelsonof rst stagezoea;D, same;E-H, rst through
fourth zoeasdorsalandlateralviews; |, megalopa,same;J, rst stagezoea lateral;K, secondstage
zoea,same;L, megalopa,dorsal.Abbreviations: ana-sp analspine;ano-h,anomurarhair; art-pro,
articulated procesgndop-bendopodoud; fu-pro, fusedprocessfu pls-6tel, fusedsixth somiteand
telson;plc-sp,posterolateratarapacespine.[A-D, after Sandbey & 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
Coenobitidaeand Diogenidae 4 to 6 in Parapaguridae4 (rarely 3) in Paguridae,and?2
to 5in Lithodoidea(generally2 to 4 in Lithodidae;4 to 5 in Hapalo@gstridaecf. Crain
& McLaughlin, 2000). The duration of the zoeal stageis also highly variableamong
thetaxa.For example,in CoenobitidaeCoenobitavariabilis McCulloch,1909undegoes
abbreviated development and reacheghe megalopastagein only six daysafter only
two non-feedingzoealstagegHarwey, 1992). On the other hand,the zoeallife span of
Coenobitascaaola (Forskal,1775)rangedrom 54 to 80 dayswith sevenzoealstagegAl-
Aidaroos& Williamson,1989).The larval developmentof the coconutcrab,Birguslatro
(alsoin Coenobitidae)was rst describedby Reese Kinzie (1968),waslaterreviewed
by Schilleretal. (1991)in theirchapteonreproductiongarlylife history, andrecruitment;
andthenlateragain for both Birgusand Coenobitain the paperon terrestrialadaptations
in Anomuraby Greenavay (2003).

In the zoeal stagesof Coenobitidaethe carapacas smoothlyroundedand provided
with a narrav, daggetlik e rostrumbut no posterolateragpine nor pterygostomiakpine.
However, in Diogenidae,pterygostomialspines(Paguristeg or submaginal posterior
spinegCalcinug dooccut In Parapaguridaghecarapacés equippedvith adorsalcarina,
anelongaterostrum,andno posterolateradpine,but with or without pterygostomiaspines.
In Paguridaethe carapacés smoothlyroundedwith or withoutthe dorsatarinaor spine,
andprovidedwith a narrov rostrumandusuallya posterolateragpine.

In mostspecies, ve pleomeresredifferentiatedn the rst zoealstageandsixin either
the secondor third zoealstage( g. 70.27A-D).Noneof the endopodof the pereiopods
becomefunctionalin the zoeal stage.In the rst zoeal stage,functional exopodsare
con ned to the rst andsecondmaxillipeds,and eachexopod endsin four setaeMore
setaaarealwaysaddedat the secondzoealmolt andsubsequennolts.In the secondzoeal
stageafurtherpair of exopods(onthethird maxillipeds)usuallybecomesunctional. The
endopodf thethird maxillipedin thezoealstagesrisesrom thesideof the basis,usually
in the proximalhalf, while the exopodarisesterminally.

Abbreviated development wasreportedin some speciesincluding Calcinussp. (cf.
Caladoet al., 2006) and Cancellus(cf. Mayo, 1973),in which the larvae hatchat the
megalopastage Caladoet al. (2006)reportedin anundescribesgpecieof Calcinusfrom
shallov waterin Portugal, that23 obsened specimenf ovigerousfemaleshadonly one
to six very large eggsinside the gastropodshell, that one female was recordedwith a
singlemegalopainsidethegastropodshell,andsix femaleshad oneor two fully-developed
juvenilesassociateavith themin their shells. Thisis aninterestingexampleof brood care
in hermitcrabs.

Galatheoideaand Chirostyloidea

A variable number of zoealstagesis usuallyfollowed by a single megalopastage
followedby thebrst juvenile stage Thenumberof zoealstages/arieshetweertaxa. Two
to ve zoealstagegprecedethe megalopain PorcellanidaeFour or ve zoealstagesare
usuallypresenin Galatheida@ndMunididae(cf. Fujita& Shokita,2005,andreferences
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therein),and at leastsome speciesof Munidopsis(MunidopsidaeJundego abbreviated
development For instance Munidopsisserricornis(Loven, 1852) hasthreezoealstages
of whichthethird stageis theequialentof thefourthzoeaof othergalatheiddSamuelsen,
1972;asMunidopsistridentatusOrtmann,1892).MunidopsispolymorphaKoelbel, 1892
hasonly two zoealstagedolloweddirectly by a crabstageratherthana megalopa(Gore,
1979;Wilkensetal., 1990).

Full larval developmenthasnot beenstudiedin Chirostyloideathoughthe numberof
zoealstagess believedto vary. In thechirostylids,thegeneraUroptydus Gastioptyhus
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) obsened that the rst zoeaof Chirostylusis
lecithotrophic, a feature associatedvith abbreviated development.In contrast,larval
developmentin Eumunididaegxempli ed by Eumunidaannulosade Saint Laurent&
Macpherson1990andEumunidacapillata de SaintLaurent& Macpherson]1990,do not
shav abbreviateddevelopmentwith the rst zoeaequialentto the rst zoeaof galatheids
(Gueraoet al., 2006). Moreover, Gueraoet al. (2006) foundthat in mary respects,
Eumuniddarvaearetypically pagurid,having two terminalplumosesetaeontheantennal
endopodathree-sgmentedendopodbn the maxillule, absencef posterolateratarapace
spines,anda scaphognathitevith 5 plumosesetaeandwithout a posteriorlobe. Clark &
Ng (2008) also obsenred the absenceof posterolateraspineson the carapacdor larval
Chirostylus questioninghe original galatheoidplacemenbf Chirostylidae . Theselarval
anomaliesaligning chirostylidswith paguroidsnsteadof galatheidsare consistentvith
spermatozoatmorphology(Tudge,1997) and recentphyogeneticanalyseghat similarly
suggespolyphyly amongthe major squatiobsterclades andmorespeci cally, involving
acloserelationshipbetweerchirostyloidsandpaguroidgAhyongetal., 2009;Chuetal.,
2009).Nothingis currentlyknown of developmentn kiwaids.

Aegloidea

Signi cantly abbreviated developmentis alsofound in agglids from South America.
Developmentis direct, from large yolky eggs thereare no free-swimminglarval forms
andajuvenile, resemblingthe adult, hatchedirectly from the egg (Bond-Buckupet al.,
1996,1999;Bueno& Bond-Buckup,1996;Lizardo-Daudi®& Bond-Buckup2003;Bueno
etal., 2000).

Hippoidea

Larval developmentwasstudiedin several speciesof hippidsfrom the generéEmerita
andHippa (cf. Johnsor& Lewis, 1942;Rees1959;Knight, 1966;Kato & Suzuki,1992),
andin albuneidsandblepharipodid¢Knight, 1970;Sandifer& vanEngle,1972;Stuck&
Truesdale;1986; Seridji, 1988;Konishi, 1987). The rst post-embryonictageis a zoea,
andit bearsaremarkablebut super cial, resemblance larvaeof bractyurancrabsin that
thecarapacés sphericabndthelateralandrostralspinesaredistinctly de ectedventrally
(g. 70.28A-E,G). This is consistentwith mary phylogeneticanalysesof Decapoda,
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Fig. 70.28.Larvae of Hippoidea:A-F, Hippa truncatifrons G, H, Lepidopabenedicti A-E, rst
through fth stagezoeaslateral;F, megalopadorsal;G, rst stagezoeaJateral;H, megalopadorsal.
[A-F, afterKato & Suzuki,1992;G, H, afterStuck& Truesdale1986.]

nding hippoidsto be basalin Anomura,which is itself sisterto Brachyura (Ahyong &
O’Meally, 2004;Tsangetal.,2008;Ahyongetal.,2009;Chuetal.,2009).Thezoeal stage
is followed by metamorphosiso a megalopa( g. 70.28F H). The numberandduration
of the zoealstagesds variable.For example,thereare7 stagesin 23-33(average28) days
in Emeritatalpoida(Say 1817)(seeRees1989),6 stagesn 52 daysin Emeritaholthuisi
Sanlolli, 1965(seeSiddigi,2006),5 stagesn about60daysin Hippatruncatifrons(Miers,
1878) (seeKato & Suzuki, 1992), and 4 stagesin 14-17 daysin Lepidopabenedicti
Schmitt,1935(seeStuck& Truesdale1986).
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ECOLOGYAND ETHOLOGY

Ecologicaldistribution
PAGUROIDEA

Hermitcrabsaremostlyaquatic andoccurin all of theworld’s oceansatdepthsanging
from intertidal zonesand the continentalshelf to deep-seabottoms. In temperateto
borealwaters variousspecieof Pagurusarefoundin intertidalandshallov waterzones,
andElassoairus, Labidodirus, andlithodidsareseenfrom shallow watersto continental
slopes Seasonamigration is known in severalspecies;Pagurus minutusdess,1865and
DiogenesnitidimanusTerao,1913 migrateoffshorein winter and summey respectrely,
for reproduction.

In tropicalwaters coralreefsareinhabitedmainly by speciesof Calcinus Clibanarius
and Dardanus In mangrae swamps,speciesof Clibanarius are often found, someof
which areknown to adaptto diluted seavater Only onespeciedasbeenknown to inhabit
atruly freshwaterernvironment,Clibanariusfonticola from Vanuatuin the SouthPaci ¢
(McLaughlin & Murray, 1990). The land hermit crabsof the genusCoenobitaand the
coconutcrab Birgus live an essentiallyterr estrial life, exceptfor reproductve periods
whenthey releasezoeadnto the sea.

Speciesof Parapaguridaare deepvaterinhabitants rangingfrom depthsof 55 m to
5000m, but mainly occurat 200-3000m (Lemaitre,1989).

LITHODOIDEA

Informationconcerninghe ecologicaldistribution of this superfamily canbe foundin
the Biogeograpl section(p. 300ff.).

GALATHEOIDEA AND CHIROSTYLOIDEA

Galatheoidsaindchirostyloidsaremarine (or anchialine asin the caseof Munidopsis
polymorphg, andlive on hardor coarsesubstratefrom theintertidalzoneto about5000m
depth(Baba,2005).Porcellanidsare mostabundantanddiverseon shallow tropical reefs
down to depthsof about100 m. They live in crevices underrocks,amongstcoral, and
Neopetolisthesspeciesare commensalvith seaanemonesSomesquatlobsterslive in
shallov, nearshoreand coral reef waters,asin the majority of speciesof Galathea or
aresometimegpelagic,e.g.,Munidagregaria (Fabricius,1793),but mostgalatheoidsand
chirostyloidsare most specioseand abundantat continentalshelf and slope depths.In
general,deepvater galatheoidsoccur on all typesof substratewhetherdeepvater reef
or soft muddy habitats.Some,suchas Munidopsisserricornisin the North Altantic are
stronglyassociatedvith soft coral (Samuelsenl972),but mostgalatheoidsio notappear
to form strongassociations Chirostyloids,on the other hand,are often associatewith
deepvatercorals,especiallyantipathariansalcyonaceansandgomgonaceangBabaet al.,
2008;Kilgour & Shirley, 2008;Le Guilloux et al., 2010).At presentkiwaidsareknown
only from hydrothermal ventsin the southeasterfaci ¢ (Babaetal., 2008).
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HIPPOIDEA

Specie®f Hippidaeinhabitthesurfzoneor shallav subtidalzonesof thetemperatand
tropicalsandybeache®f theworld. Similarly, the alluneidandblepharipodidspeciedive
buriedin sandysedimentgrom thelow intertidalto offshorein thetemperateandtropical
watersworld-wide.

AEGLOIDEA AND LOMISOIDEA

Informationof the ecologicaldistribution of theseendemicsuperémiliescanbe found
in the Biogeograpi section(p. 300ff.).

Shelland other objectuse

Hermit crabs are known to carry vacant gastropod shells or other material as
portable shelters. Membersof Pylochelidaehaving a symmetricalpleon,aretusk-shell
inhabitantspr may bexylicolous or petricolous ( g. 70.29G,H). Specief Diogenidae,
Paguridae and Coenobitidaemostfrequentlyutilize gastropodshellsthat are dextrally
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. 70.29l, J), and sponges.Striking
symbiotic relationshipsareknown betweermary specief Parapagurida@andcolonies
of anthozoansgspeciallyzoanthidsasportableshelters( g. 70.29F).

Symbioticassociation

Many examplesof symbiotic associationsbetweenanomurangprincipally hermit
crabs)andotherinvertebratesreknown. Accordingto the comprehensie worldwide re-
view by Williams & McDermott(2004),they canbeecologicallydividedinto: (1) species
found on the shells occupiedby hermit crabs(epibiotic species)e.g., cnidarians,bry-
ozoansandsponges(2) specieshoring into theseshells (endolithicspecies)g.g., poly-
chaetessmall arthropodsspongesandbryozoans(3) speciediving within the lumenof
the shell (eitherfree-living or attachedo the shell), e.g., small crustaceansatw orms,
and polychaetespr (4) speciesattachedo the hermit crabsthemseles, and hypersym-
bionts(g. 70.30A-C).In total,over 550invertebrate¢rom 16 ptyla areknown associates
of over 180 speciesof hermitcrab Of these,114 appearto be obligate commensalsof
hermit crabs,215 are facultative commensals and 232 are incidental associates The
taxaexhibiting the highestnumberof associatearearthropodq126), polychaete$105),
andcnidariang100). Severallithodids (Lithodes LopholithodesNeolithodesParalomis,
Paralithode$ areknown ashoststo snail sh (Liparidae:Carepoctusspp.),which usethe
crabs’ spiny exterior asmobile shelter andthe branchialchamberto incubatetheir eggs
(Yauetal., 2000; Batson,2003). The lithodid-Careproctusassociatioris possiblybetter
regardedasparasiticratherthancommensalbecausé¢he host-crabexperiencesomecom-
pressioror localizedgill necrosigLove & Shirley, 1993;Somerton% Donaldson;1998).
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Fig. 70.29.Shellandotherobjectuseof hermitcrabs.A, Pylopaguropsisfuruseiin normaldextral
gastropoashell; B, ClibanariuseurysternugHilgendorf,1879)in cypraeidshell; C, Porcellanopayu-
rus tridentatusWhitelegge, 1900bearingbivalve shell; D, Ciliopagurusstrigatus(Herbst,1804)in
conid shell; E, Coenobitapurpureus Stimpson,1858in land snail shell; F, “pseudoshell”(colory
of the hydroid Hydractinia sodalisStimpson,1858) usedby PagurusconstansG, Bathydelesin-
cisus(Forest,1987)in bamboo;H, Parapylodelesscorpio(Alcock, 1894)in corn;l, Xylopagurus
caledonicusForest,1997in 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 associatedafter Williams & McDermott, 2004]. A,
symbiontsassociatedwvith the gastropodshell, Aporrhais sp., inhabited by Paguristes eremita
(Linnaeus,1767)andPaguruscuanensisBell, 1845,scales= 2 mm [modi ed from Stachavitsch,
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1980, g. 2]; B, symbiontsassociateavith shellsinhabitedby Pagurusbernhadus[modi ed from

Jenser& Bender 1973, g. 3]; C, symbiontsassociatedvith Paguruslongicarpus centerof gure

shavs dhell of llyanassaobsoleta(Say 1822)inhabitedby Paguruslongicarpus vertical scaleson

left of associates 0.5mm, verticalscalego 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 & Radashesky,
1999, g. 1A].
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Bopyridae is known to contain over 500 describedspecies.all of which are obligate
parasitesof decapodrustaceangndmorethan185specieamongheminfestpaguroids,
galatheoidsand chirostyloids.Speciesin the subfamily Pseudioninaere foundin the
branchialchamberwhile speciesn the subfamily Athelginaeare found attachedo the
dorsalfaceof the pleon.

Specief Peltogastridaein Rhizocephalareparasiticin hermitandking crabs(L6rz
et al., 2008). The body of this parasiteconsistsof a network of threads penetrating
the body, and only the externa (the reproductve organ of adult females)is recognized
externally, attachedto the pleon. BriarosaccuscallosusBoschma,1930is a common
rhizocephalamparasiteof lithodids. The rhizocephalaritself is alsoknown to sometimes
be parasitizedy cryptoniscidisopodg(Watters,1998).

Epizoonts of aalids include atworms (Temnocephalasp.), the ‘anchor worm’, a
parasiticcopepodLernaeg, andthe polychaetevorm, Stratiodrilus sp. (cf. Dioni, 1972;
Viozzietal.,2005).WhethertemnocephalarendStratiodrilus aretruly parasitioon Aggla
remaingto be determined.

Predators

Known predatorsonhermitcrabsincludebirdsandsmallmammalsn caseof landand
intertidal hermitcrabspecies,and sh, octopus,andbractyurancrabsin marinespecies.
Lithodids, especiallyas juveniles, may be prey to demersalsh (Ahyong & Dawson,
2006), as are galatheoids When swarming, galatheoids such as Munida gregaria, can
beasigni cant prey itemfor pelagic sh, whales,andseabirdgZeldis,1985;Schnabe&
Connell,2007).

Ethology

Hermit crabshave avery complex behaioral repertoire,including elaborateshell
investigationbehaviors to assesshell quality, andsocialbehaior. The socialbehavior,
de ned asbehaior seenamongindividuals,is divisible into ritualized agonisticdisplay
or direct aggressve behavior when two individuals are encounteredshell bghting
behavior, male-malebghting for maturefemalespre-copulatory guarding of amature
femaleby a male,andelaboratébehaioral interactionbeforeandaftercopulation. These
socialbehaiorsareshavnin g. 70.32A-Q,andde nedin tablel.

ECONOMICIMPORTANCE

Unlike the braclyurans, chelateand achelatelobsters,and carideanand penaeoid
shrimps,thereare very few of the heterogeneouanomurartaxathat are of signi cant

Fig. 70.31.Parasitesof hermitcrabs.A, Peltogastersp. (RhizocephalaKentrogonida)n Pagurus

Iholi (De Man, 1887);B, Peltogasteella sp. (Rhizocephalakentrogonida)n Pagurus Iholi ; C,

Athelgestakanoshimensikshii, 1914 (Isopoda,Bopyridae)on Pagurus lholi ; D, same,femaleat-

tachedby smallmale posterolaterallydorsal;E, Clibanariusvirescengarasitizecdby Asymmetrione

asymmetricdShiino,1933)(IsopodaBopyridae);F, femaleof Asymmetrion@asymmetricattached
by smallmale posteriorly dorsal;G, sameyentral.[Photosby Akira Asakura.]
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Fig. 70.32.Hermit crabbehaior. A-E, shell ghting anddefensie behaior: A-C, Pagurus Iholi ;
D, E, Pagurus gracilipes (Stimpson,1858). A, B, position of shell ghting; C, rocking behaior
during shell ghting; D, spasmodicshaking; E, cheliped icking; a, attacler; b, defender F-G,
directaggressie behaior: F, thrusting,Pagurus Iholi ; G, chelipedmatch,Pagurusgracilipes H-
M, agonisticdisplay:H, chelipedpresentationt, chelipedextension;J, samegdouble;K, amhulatory
raise (secondpereiopod);L, amhulatory raise (third pereiopod);M, doubleamhulatory raise.N-
Q, precopulatoryguardingand copulation:N1-N3, Q, Pagurus Iholi ; O, Pagurus gracilipes P,
Clibanariusvirescensm, male;f, female;N1, O, P, basicpositionof precopulatoryguarding;N2,
malegentlymoving shellof femalebackandforthwith hisminor chelipedaroundaxisperpendicular
to planeof femaleshell aperture;N3, malerocking shell of femaleusingchelipedsandamhtulatory
legs; Q, positionsof copulation [All illustrationsfrom Imazu& Asakura2006.]

economicimportance. Exceptionsarethelithodid or stonecrabs (Lithodidae),the Indo-
WestPaci ¢ coconutcrab, Birguslatro (Coenobitidae)andto a lesserextent, the squat
lobster Cervimunidajohni Porter 1903(Munididae),whichis frequentlysoldin Chilean
sh marketsas‘langostinoarmaillo’.
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TABLE |
Behavioral terminologyusedin this chapteqafter Hazlett,1966,with slight modi cations]

AGONISTIC DISPLAY
Cheliped presentation: crab movesits larger chelipedforward until dactyl perpendicularto
substratun{ g. 70.25H)
Cheliped extension: crab moves its chelipedsforward until dactyls parallel to substratum
(g. 70.251,J)
Ambulatory raise: crabmavesusuallyone,or occasionallytwo to four, amhulatoryleg(s)rapidly
away from bodyandholdsthatpositionfor ashorttime (g. 70.25K-M)

DIRECT AGGRESSIVEBEHAVIOR
Thrusting: attacler aggressiely insertsits major chelipedinto undersideof shell of opponent,
quickly movesupward,andthrustsopponenpff ( g. 70.25F)
Pushing: crabaggressiely pushesopponentby cheliped(s)and/orone,or occasionallytwo to
four, amtulatoryleg(s)
Cheliped match: whentwo crabsencountereachpusheshe otherwith dorsalfaceof larger
chelipedin chelipedpresentatiomposition( g. 70.25G)

ESCAPEOR DEFENSIVEBEHAVIOR
Jumping: crablifts its body bylargerchelipedusinglever principleandjumpsquickly backward
Dislodging shaking: when crawled upon byanothey crabrapidly moves up anddown and/or
sideto sideto causethe otherto fall off
Cheliped Ricking: defendericks its chelain withdraving position( g. 70.25E)

SHELL FIGHTING BEHAVIOR

Rapping: attaclerbringsits shellforward,into contacwith defenders shell throughamovement
of abdomenin which this physicalstriking producesa clearly audibleclick ( g. 70.25A,
B); attacler strikesshell severaltimes,thenrestsshortly, andthenrepeatsaction

Spasmodicshaking: attacler rapidly shakes defendeis shell back andforth along horizontal
plane(g. 70.25D)

Rocking: attaclerrocksdefenders shell backandforthusingbothchelipedsandamhulatorylegs
(g. 70.25C)

Rotating: attacler revolvesdefenders shell through360 betweenseriesof rapping,by move-
mentsof chelipedsandamhulatorylegs

Paguroidea

The coconutor robbercrab, Birguslatro, is the largestland crab (growing to 4 kg or
nearly9 pounds)andis the mosthighly terrestrializeddecapod Greenavay, 2003).1t is
distributedon oceanidslands(primarily restrictedo islandswith few predatorspndsmall
offshoreisletsadjacento largecontinentalslandsacrossibroadgeographicatangein the
tropicallndo-Paci ¢ region,with reportsstretchingrom the Aldabrasislandsin thelndian
Oceanto the Pitcairn group and Easterlslandin the Paci ¢ Ocean.They are excellent
eatingandhave beenpartof theindigenoudlietin their naturalrangedor alongtime. The
crabsare cooked like otherlarge decapodcrustacean®y boiling or steamingand often
sold as a luxury food item. Recently economicpressurenasincreasedhe exploitation
of this specieqin somecasedeadingto localizedextirpation) andinvesticationsof their
OfarmingOpotential have beenmade(seeBrown & Fielder 1991,and paperstherein).
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There have also beenconsewation managementstratgies effectedin someregions,
suchasminimum legal sizelimit restrictionsin Guamand Vanuatu,andthe captureof
ovigerousfemaleshasbeenbannedn Guamandthe Federate®tatesof Micronesia.

Lithodoidea

Thereare very signibcantbsheriesfor variouslithodid speciesin polarandsub-polar
watersin both the northernand southernhemispheresyith the northernPaci ¢ andthe
southernPaci ¢ andsouthernAtlantic oceansbeingfocal points. Zaklan (2002,table 8)
provideda summaryof worldwidelithodid sheries,with respectre referencesandmore
recentlyOtto (2006)andOtto & Maclntosh(2006)gave suchoverviews.

Commercial sheries for lithodid crabsare almostentirely madeup from landingsof
threegeneraParalithodes Lithodes andParalomis. Lithodid crab sheries beganbefore
1900in JaparandspreadacrosshenorthernPaci ¢ Ocearby 1940.Fisheriegarmgetedred
king crab, Paralithodescamtstaticus(Tilesius,1815),with lesseamountsof blue king
crab, Paralithodesplatypus(Brandt,1850)andbrown king crab, Paralithodesbrevipes
Paralithodesspp., especiallyred king crabs,have always dominatedlithodid sheries.
Golden king crab, LithodesaequispinusBenedict,1895, becamemportantin northern
Paci ¢ Oceanwatersafter major declinesin red king crab sheries in the early 19805.
Southem king crabs, Lithodessantolla (Molina, 1782), are shed in southernSouth
Americaalongwith softshellred crab, Paralomisgranulosa(Jacquinot]1847).These ve
speciesaaccountedor morethan89% of lithodid landingsfor 1984-2003 World lithodid
landingspeakedat 150 100metric tonsin 1966 ( g. 70.33A) after developmentin pre-
World War Il Asia andrapid post-1950expansionin AlaskaandAsia. Theworld lithodid
landingsfell to 60540 tonsin 1973 hut reboundedo 104 970tonsin 1980, owing to
alundanteasterrBering Searedking crabstocks.EasternBering SeaandGulf of Alaska
redking crabstockssooncollapsedandlandingsfell to alow of 40920tonsin 1983.The
world lithodid landingsreached1390tonsin 1997with increasedrussianandingsbut
have declinedsharplyto only 32610tons.In the 1960%, Russianscientistssuccessfully
introducedredking crabsto the northernAtlantic Oceanandresultant sheries currently
provide 9% of world lithodid landings.Elsewvhere,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 consideredessdestructve
to untageted portions of the catch such as femalesor juveniles. Other consewration
measutesusuallyincludealegalminimum size, aprohibitionagainsthanestingfemales,
seasonatlosures andcatch quota. Enforcemenbf conserationmeasuresarieswidely
amongcountriesand sheries.

Galatheoidea

To date, porcellanidsand chirostyloidshave not beencommerciallyexploited to any
greatextent, exceptoccasionallyfor the ornamental aquarium trade, e.g.,theanemone
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Fig. 70.33.Indicatorsof economidmportanceof variousanomuransA, world commercialandings

of Paralithodesspp. basedon FAO statisticaldataadjustedfor the speciescompositionof king

crablandingsfrom Alaskawaters;B, world commerciallandingsof Lithodesspp.and Paralomis

granulosabasedon FAO statisticaldataadjustedfor the speciescompositionof king crablandings
from Alaskawaters[A, B, from Otto, 2006.]

crabs,Neopetolisthesspp.In contrastgalatheidsarecommerciallyhanestedchie y as
tailmeatfor humanconsumptiorandasmealfor sh andpoultry feed(Aurioles-Gamboa
& Balart,1995;Lovrich etal., 1998; Tapella& Lovrich, 2006;Vinuesa,2007).Pleuron-
codegnonodor(H. Milne Edwards,1837)andCervimunidgohni arecommercially shed
off Chile, with landingspeakingataround50000tonsin 1977 thereaftefalling to around
8000tons annuallyfollowing over-bshing (Roa& Bahamondel993). Elsewhere, sh-
erieshave beenunsuccessfullyexploredfor PleuroncodesplanipesStimpson,1860 (off
the Paci ¢ coastof Mexico: Aurioles-Gamboa& Balart, 1995), Munida quadrispinosa
Benedict,1902 (Paci ¢ coastof North America: Burd & Jamieson,1988),and Munida
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gregaria (New Zealand:Zeldis, 1985,1989).Oneor moreof the aforementionedpecies
have also beenexplored as a source of amino- and fatty acidsfor humandietary sup-

plements;as a source of proteasesisefulin cheesemanuficture;and even as a source
of pigmentfor enhancememnf farmedsalmonidsand poultry (Burd & Jamieson,1988;

Zeldis, 1989;Kashkina& Kashkin,1993;Garcia-Carrefi& Hernadndez-Corté4995).

PHYLOGENY AND BIOGEOGRAPHY
Phylogeny
HISTORY AND MORPHOLOGICALANALYSES

Therelationshipsamongthe diversefamiliesin Anomura,andamongrepresentaties
within families, have now beenthe subjectof mary investigationsat the morphological
and molecularlevel (Ahyong et al., 2009; Lemaitre & McLaughlin, 2009). Most of
the literature prior to 1997 dealing with the evolutionary history of Anomura and
variousconstituenfamiliesis adequatelyeviewedin themorphologicapapersf Richter
& Scholtz (1994), Scholtz & Richter (1995), McLaughlin & Lemaitre (1997), Tudge
(1997),andLemaitre& McLaughlin(2009).0f notearethe phylogeneticanalysef the
constituenfamiliesof 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 characteraloneanddivided the
sevenfamiliesinto two groupswith separatevolutionary historiesfrom commonances-
tral anomurarstock. The two groups(superamilies)were CoenobitoidedCoenobitidae,
Diogenidae Lomisidae,and Pylochelidae)and Paguroidea(Lithodidae, Paguridae,and
Parapaguridae)McLaughlin (1983b) producedthe rst cladistic analysis of Anomura
with 30 morphologicalcharactersnappedonto her resultantcladogram. Sheabandoned
Coenobitoideaand reunitedsix anomuranfamilies underthe monoplyletic Paguroidea
(CoenobitidaePiogenidael ithodidae,Paguridae Parapaguridaeand Pylochelidaepnd
included representaties of Hippoidea, Lomisoidea(as Lomoidea),and Galatheoidea.
McLaughlin’s(1983b)analysisvassoonfollowedby anotheiphylogeneticanalysisof the
Anomurafrom Martin & Abele (1986),who analyzedwhile investigating the placement
of the enigmaticfreshwater agglids from South America, the 13 anomuranfamilies (in
four superimilies)using54 morphologicakharactersThey foundtheagglids to be prim-
itive galatheoidsthat the lithodids groupedwith Lomisratherthanthe otherpaguroids,
andalsothatAnomurawasindeedmonoplyletic. As with McLaughlin’s study they found
no supportfor the two independenhermit crab lineagesof MacDonaldand colleagues
(MacDonaldetal., 1957).

The year 1997 sav two papersdealingwith anomuran phylogeny (McLaughlin &
Lemaitre,1997; Tudge,1997), but eachdealtwith a different morphological dataset
McLaughlin & Lemaitre(1997) usedadult morphology to investicate the processof
carcinization(obtaining a crab-like form) within Anomura,in direct responseo Cun-
ninghamet al. (1992) who proposedhat the symmetricalking crabswere derived from
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within the asymmetricahermit crabancestorsMcLaughlin & Lemaitres (1997) clado-
gram(basedn 59taxaand37 charactersglearlyseparatetheasymmetricahermitcrabs
(CoenobitidaepPiogenidae Paguridae and Parapaguridaefjrom the lithodoids (Lithodi-
daeandHapalo@stridaepssisterclades Thesymmetricahermitcrabs Pylochelidaeare
sisterto the remaininganomuransTudge(1997),on the otherhand,useda nowel dataset
of spermatozoal characters to infer anomuranphylogeneticrelationships His “sperm
tree” hadrepresentaties ofnine anomurarfamilieswith someout-groupdecapodgrom
ThalassinideastacideaandBrachyura(amongothers)and,apartfrom somebasaincon-
sisteng associateavith incompletemorphologicadata(ThalassinaandLomig, basically
produceda monoplyletic Anomurawith mostconstituenfamiliesmonoplyletic, too.

Morphology-basedbhylogeniesof Anomura publishedsince 1997 include Schram
(2001),Dixon etal. (2003),andAhyong& O’Meally (2004) thesethreewithin thecontext
of broaderdecapodphylogery; andMcLaughlinet al. (2007a).Schram(2001) reviewed
thestatusof decapoghylogeneticgo dateandbrie y coveredthe principalpapergealing
with Anomura(outlinedabove). Dixon etal. (2003)analyzedlecapoghylogery basedn
externalmorphologyof 60 taxaincluding 14 anomurarrepresentatiesfrom 13 families
and6 superfamilies.Themain ndings were:Aggla (Aegloidea)is outsideof Galatheoidea
andbasalto theanomuransHippoideaandLithodoideaaresistertaxa(in someanalyses);
Paguroideas monoplyletic andsisterto Lomis(Lomisoidea)andAnomura(asAnomala)
andBractyuraarereciprocallymonoplyletic sisterclades formingthe Meiura clade of
Richter& Scholtz(1995). Ahyong & O’Meally (2004) built on the Dixon et al. (2003)
datasetandanalyzedthe decapodphylogery in combinationwith molecular sequences
from threegenesfor all the reptantDecapodaThe 13 representate anomurangenera
(eachrepresentingnefamily) were analyzedusing 105 morphologicalcharactersboth
alone and in combinationwith the moleculardata. As expected,with respectto the
positionsof Anomuraand Brachyura, the morphological cladogram is similar to that
of Dixon etal. (2003),with a monoplyletic Meiura, Hippoidea,andPaguroideabut with
bothLithodoideaandLomisbasalto the paguroidsanda polyphyletic Galatheoidealhe
combinedanalysismaintainedsomeof theserelationshipsxceptgalatheoidsarereturned
to monophyly (minusAegla, which groupswith Lomig andpolyphyletic Paguroideawith
lithodoidssisterto Pagurus andPylodhelessisterto the galatheoids.

With all of thisrenavedinterestin decapodandanomurarphylogery, McLaughlinand
colleaguegMcLaughlinetal.,2007a)evisited (andupgradedjhelandmarkl983analysis
of hermitcrabrelationshipgMcLaughlin, 1983b),but with moredata(79 morphological
characters)and more taxa (representaties of 17 families). The resulting cladogram
producedew surprisingresultsapartfrom wide separationof lithodoidsfrom paguroids,
but did leadto anew classi cationof sevensuperamilies(threeof themnew) andelevation
of LithodinaeandHapalo@strinaegto family status.

Mostrecently threepapershave investigatedrelationshipswithin familiesof Anomura.
Relationshipsof the few investigated Diogenidaefor which spermatozoabnd sper
matophoremorphologyare known wereanalyzedby Tirelli etal. (2008,2010)for these
reproductve characteralone.Not surprisingly, theselimited dataset§oundsomegenera
monoplyletic (CalcinusandClibanariug but othersnot so(DardanusandDiogene$, and
limited biogeographicubcladeswvere also apparent.The recentexternal morphological
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analysisof Pylochelidagcf. Lemaitreetal., 2009)using41 of 45 recognizedspeciesand
78 charactersrevealedsomepoorly resohed cladogramsbut did recover, undercertain
conditions robustmonoplyletic cladesfor all sevengeneraandestablishedomeinterest-
ing andusefulsubfamilial clades.

Anomuranrepresentaties have alsobeenincludedin phylogeneticanalysegor intu-
itive evolutionarytrees)of otherdecapoddasedon morphologicalcharacterasdiverse
asspermatozogKoltzoff, 1906; Tudge,1997),neuraland brain morphology(Sandeman
etal., 1993;Paul, 2003),andeye morphology(Gaten,1998;Richter 2002).

Phylogeneticanalysesof membersof Anomurabasedon molecular sequencedata
only started 20 yearsago but now exceed morphologicalanalysesin number These
molecularphylogeneticcontributions fall into two cateyoriesof analysis:thosedealing
exclusively with membersof Anomura,andthoseincluding anomurarrepresentaties as
partof alarger, usuallydecapod-wideanalysisEachcategorywill bedealtwith separately
belaw 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
relationshipsy Cunninghanetal. (1992).The paperby Cunninghanmandcolleaguesvas
aseminalcontritutionto the eld for severalreasonsnotonly becausét thrustanomuran
evolutionaryrelationshipontothefront cover of theprestigiougournal“Nature”, but also
becausdt corroboratedhethesisthatsymmetricaking crabs(LithodesandParalithode$
aredervedfrom asymmetricahermitcrabs,possiblyfrom within the genusPagurus the
Ohermitto kingOhypothesis This controversialresultsparkedimmediateresponsefrom
evolutionarybiologists(seeGould,1992)andcarcinologistsalike (seeRichter& Scholtz,
1994 and McLaughlin & Lemaitre,1997)and sparled a small renaissancén anomuran
phylogeneticanalysisthatcontinuegoday

Theinternal relationshipsof theanomurarsandcrabgenus Emeritg werethe focus
of the next molecularcontritution by Tam et al. (1996). They usedboth 16S rRNA
and cytochrome oxidasel genesto determinethe divergencetimes and zoogeograph
of someAmericanspeciesof this commonbeachcrustaceanPartial sequence®f four
mitochondrialgenes(12S, 16S, COI, and COIl) and a nucleargene (28S) were used
by Zaklan (2002)to investicate the internal relationshipsof the thenfamily Lithodidae
(now Lithodoidea,seeMcLaughlin et al., 2007a).Zaklan (2002) found supportfor two
sistercladescorrespondingo Hapalo@strinaeandLithodinae(now Hapalo@gstridaeand
Lithodidae) and that the lithodoids were the sister to the pagurid hermit crabs.Pérez-
Losadaet al. (2002) used18S rDNA sequences$o examine anomuranrelationshipsof
a small setof 12 taxafrom ve superémilies (Aegloidea,ChirostyloideaGalatheoidea,
Paguroidea,and Hippoidea). They were primarily testing the systematicposition of
Aeglidae(thenconsideredo bein Galatheoideain theanalysisandfoundthetwo species
of Aggla they sequencedio be outsideof the cladecontainingthe restof the sequenced
chirostyloidsandgalatheoidsThey alsofoundthe paguroidso bethe sistertaxonto the
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chirostyloidsandgalatheoidsAeglidaeto be basalto them,andthe hippoidsbasalto all

the sequencedanomuransMost of the sameauthorslater investicgatedthe biogeograpi

of 64 specief Aggla (cf. Pérez-Losadat al., 2004) usingthe nuclear28SrDNA gene
and four mitochondrialgenes(12S and 16S rDNA, COI, and COIl). They found ve
monophyletic cladesof specieghat correspondo ve biogeographicregionson both
the Paci ¢ coast(2 clades)and Atlantic coast(3 clades),and using molecular clock
methodologieson rmed the ORicibc-OriginOhypothesisfor thegroup.

Macphersoret al. (2005)alsoincludeda brief phylogeneticanalysisof selectanomu-
rans(just 13 species)using 18SrRNA 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 elevatedit to separatesuperam-
ily status).Mantelattoet al. (2006) analyzedselecteddiogenid hermit crabsusing 16S
rDNA sequenceaspartof aninvestigationinto thetaxonomicstatusof Loxopagurusand
Isocheles Mantelattoet al. (2009b)laterusedthe samepartial LESrDNA geneandmary
similar diogenidtaxa,to re-examinethe taxonomicstatusof two speciesof hermitcrabs,
PagurusforcepsH. Milne Edwards,1836andPaguruscomptusihite, 1847.Their resul-
tantcladogramshow amonoplyletic Diogenidaewith thesamethreesubcladesf genera
asin Mantelattoet al. (2006),asa sistercladeto the monoplyletic Paguridae The much-
expandedtaxon samplingin the genusPagurus including the two speciesin question
(above) revealedthreesubcladesor groupsroughly correspondingo threebiogeographic
regions.

The most recent molecular phylogeny of Anomura (Ahyong et al., 2009) used
sequencefrom one mitochondrial(16S) geneand two nuclear(18S and 28S) genesto
investigate44taxafrom 16 of thethenrecognizedl.7 extantfamilies( g. 70.34)(currently
20 families, see Classi cation, belav). This is the largestanomurandatasetanalyzed
so far, and both Maximum Parsimory and Bayesianlnferencemethodswere employed
to generatethe cladograms.The topologiesdiffer quite radically from mary previous
molecularor morphologicalanalysesand indicate signi cant poly- and paraphyly of
the major superimilies. Somenotabledifferencesfrom previous proposals(Martin &
Davis, 2001; McLaughlin et al., 2007a)include polyphyly of Pylochelidae(although,
seeMcLaughlin & Lemaitre,2008, 2009 and Lemaitre& McLaughlin, 2009 for recent
supportfor divisionswithin this family), polyphyly of Galatheoideaensuato (including
possibleinclusionof Kiwa in Chirostylidae) paraplyly of Galatheidaeandpolyphyly of
Paguroidea.

INCLUDING MOLECULAR DATA: ANOMURA INSIDE DECAPODA

As mentionedabove, molecularanalyseswith anomuransspart of a larger decapod
dataset startedwith the 18S rRNA analysisof bractyuran relationships(Spearset al.,
1992), which included one anomuran,Clibanarius The most intriguing result from
Spearsetal. (1992)wasthe nding thatthe primitive bractyurancrab,Hypoconta, was
apparentlyan anomurarratherthana bractyuran. Thatresultremainedcontroversialfor
more than a decadebut was subsequentlyshavn to be the result of a sequencingerror
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Fig. 70.34.Molecularphylogery of Anomurabasedn mitochondriall6Sandnuclearl8Sand28S

sequencesSingle most parsimoniougopology derived from maximum parsimory analysisunder

equalweights(TL = 3836,Cl = 0.4726,Rl = 0.6184).Jackknife proportionsindicatedat nodes.
Superamiliesasrecognizedy McLaughlinetal. (2007).[Modi ed from Ahyongetal., 2009.]

(Ahyong et al., 2007).Morrison et al. (2002) analyzeda much larger taxon sample(26
decapodsjncluding 18 anomuransyusing four mitochondrialgenes(18S, 28S, COIl,
and 16S) to investicate the multiple independentcarcinization events in Anomura.
The study found a monoplyletic Anomurawith four independentarcinizationevents
therein(presentin Porcellanidael.omisidae,Lithodoidea,and Coenobitidae)ln the last
ve years,there hasbeena veritable explosion of molecularphylogeneticanalysesof
Decapodaall includingvarioussubset®f anomurarcrabsfor comparison.

© 2012 Koninklijke Brill NV



INFRAORDERANOMURA 299

The phylogeneticanalysisof Ahyong & O’Meally (2004), mentionedalready also
includedsimultaneougnalysisof 16S, 18Sand28SrRNA sequenceis combinationwith
morphologicatharactersPorteretal. (2005)usedl6S, 18S, 28ndthehistoneH3 gene
to investicategeologicaldivergencetimeson alarge decapodiatasetonly six anomurans
were included, though)and found a monoplyletic Anomurabetweenthe sightly older
Brachyura and the younger achelatelobsters. Anomura, accordingto this analysis,
apparentlyradiatedfrom commonreptant ancestorsat the Carboniferous/Rermian
boundary about300 million yearago. Similarly, Tsanget al. (2008) usedtwo nuclear
protein-codinggenedo investigatetheorigin andevolution of reptantdecapod¢64 taxa).
Their resultingcladograminferredno greatdifferenceswithin Anomura,but recosereda
monoplyletic Meiura (Anomura+ Brachyura). Within Anomura, Hippoideaare basal,
followed by LomisoideathenGalatheoidedwith theinterestinginclusionof a paguroid,
Pylocheleg, and nally two sister cladescomprisedof the remaining Paguroideaand
Lithodoidea.

Two decapod-widenolecularanalysegppearedimultaneouslyToonetal.,2009;Chu
etal., 2009).Both paperdealwith the utility of multiple anddifferentmoleculamarkers
to elucidatedecapodphylogeny; they vary only in the numberof genesandtaxaused.
Toon et al’s (2009) resultswere basedon eight genes(both mitochondrialandnuclear),
includedonly six anomuransand found them monoplyletic with respectto the rest of
the decapodsTheir small taxon samplingacrossvery disparatesuperfamilies provides
little usefulinformationon relationshipswvithin Anomura.Chuetal. (2009)analyzedwo
protein-codinggenesn theirtaxon-rich(135speciespanalysisTheir23anomurarspecies
form aclade(assisterto amonoplyletic Bractyura,asusual)andrevealbasalHippoidea,
followed by a galatheid, porcellanid,and pylochelid clade sisterto two large clades,
comprisingthe parapaguridschirostylids,kiwaids,lomisids,and agglids in one,andthe
diogenidspaguridsandlithodidsin theother Chuetal.s(2009)resultsthusparallelthose
of Ahyongetal. (2009)in recovering a basalHippoideaaswell aspolyphyly amongthe
hermitcrabsandsquatiobsters.The multi-genephylogery of Decapoday Brackenetal.
(2009) analyzedsequencefrom threeribosomal genesand onenuclearprotein coding
gene(16S,18S, 28SH3) from 17 anomurartaxa(out of a total of 128 decapodspecies).
The representaties from 12 anomurarfamilies are monoplyletic, but are not shovn to
be the sister groupto Brachyura, insteadbeingplacedbetweerthe Thalassinideandthe
remaindeof thereptantdecapodnfraorders(albeitwith weakstatisticalsupport).

The mostrecentmulti-geneanalysef the Anomura(Schnabekt al., 2011; Tsanget
al., 2011) foundevidencefor polyphyly amongthe hermitcrabsandpolyphyly amongthe
marinesquatlobsters which aredistributedin two widely separateclades,Galatheoidea
andChirostyloideaSchnabekt al. (2011)combinedsequencesf threeribosomalgenes
(16S,18sS, 28S) and morphology and Tsanget al. (2011) combinedsequencesf ve
nuclearproteincodinggenesOf noteis that Tsangetal. (2011) foundstrongsupportfor
derivationof thetwo mainsquatlobstercladesfrom within separatdermitcrabclades.

After 114 years(seethe evolutionary tree of relationshipsin Bouvier’s, 1895, work
on Lomis lithodids, and the hermit crabs),the eld hasnot corverged on a debnitive
phylogeny of the constituentfamiliesin Anomura(cf. McLaughlin et al., 2007a)and
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mary con icting views abound(Ahyong et al., 2009; Bracken et al., 2009; Lemaitre &
McLaughlin, 2009). 1t is widely agreedthat Anomura is monophyletic (seeMartin &
Abele, 1986; Scholtz & Richter, 1995; Schram,2001; Dixon et al., 2003; Ahyong &
O’Meally, 2004; Tsangetal., 2008;Brackenetal., 2009)andthatit is the sister cladeto
Brachyura (thecladeof Meiura of Scholtz& Richter, 1995).However, consensublasnot
yet beenfound at the supertamily andfamily level. Despitethe high level of discordance
amongstudies somepatternsareemeging amongmolecular studies (1) thatHippoidea
appeardo be sister to the remaininganomurans(2) that marine squatlobstersbelong
to two widely separateclades,Galatheoideand Chirostyloidea;(3) that Aegloideaand
Lomisoideaare sister taxaand closelyrelatedto Chirostyloideaj(4) that Paguroideaare
probablyparaplyletic, especiallywith respecto PylochelidaeandParapaguridags) that
lithodoidsareconsistentlyfoundto becloselyrelatedto the paguroids.

Biogeography

The diversenatureof Anomurahasmeantthatno singlework exists that summarizes
the biogeograpty of the entireinfraorder Eachfamily is dealtwith in turn by different
authorswhile in somecases zoogeographitext is not availableandthe distrib utional
data from systematicaccountsareall that have beenpublished.Thus,the 17 families of
McLaughlinetal. (2007a)areeachdealtwith separatelypelow.

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

COENOBITIDAE

Limited biogeographiénformationis publishedonthetropical,terrestrialhermitcrabs
in the generaBirgusand Coenobita Papersby Hartnoll (1988)andNakasong1988)and
abook onBirgusby Brown & Fielder(1991) prawide muchof the early literaturewhere
distributionaldatacanbefound.

DIOGENIDAE

The hermitcrabfamily Diogenidaeis a large anddiversegroupwith a worldwide dis-
tribution. Thereareno comprehensk review papergdealingwith thebiogeograpi of the
family asawhole,sooneis forcedto consulta large selectionof the taxonomicliterature
to gleanthis information.A non-exhaustve setof examplesfollows. A comparisorof the
Atlantic coastof SouthAmericadiogenidfaunawith that of the Atlantic coastof North
Americawasdoneby Forest& de SaintLaurent(1967),while otherregionaldistributions
of diogenidsarealsoprovidedfor the northeastertlantic OceanandMediterranearsea
(Ingle,1993),the Seychellesin thenorthernlndianOceanMcLaughlin& Hogarth,1998),
the SouthChinaSea(Rahayu2000),New Zealand(Forestetal., 2000),the AndamanSea
in the northernindianOcean(McLaughlin,2002),andthe Gulf of Oman(Moradmand&
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Sari,2007).Thereis alsoa setof literaturethatdealswith regional or worldwide reviews
of aparticulargenuswithin thefamily, andexamplesof theseincludethe generaAniculus
(cf. Forest,1984), Calcinus(cf. Poupin,1997; Poupin& McLaughlin, 1998; Poupin&

Lemaitre,2003;Poupinetal., 2003),Clibanarius(cf. Rahayu& Forest,1992),Diogenes
(cf. Rahayu& Forest,1994;Siddiquietal., 2004),andTrizopagurus(cf. Forest,1995).

PAGURIDAE

Paguridaes alsoalarge anddiversefamily with aworldwide distribution. As with the
diogenidsthereareno comprehensie review paperglealingwith their biogeograpi, and
soaselectionof thetaxonomiditeraturemustbe consultedA brief zoogeographioutline
of the paguridsof the northernPaci ¢, andborealSoviet watersis provided in Makaros
(1962); comparison®f the Atlantic coastof South America paguridfaunawith that of
the correspondingoastof North Americahave beenmadeby Forest& de SaintLaurent
(1967); while otherregional distributions of paguridsarealsoprovided for northwestern
North America(McLaughlin, 1974),the northeasteritlantic Oceanand Mediterranean
Sea(Ingle, 1993),the Seychellesin the northernindian Ocean(McLaughlin & Hogarth,
1998), the South China Sea(Rahayu,2000), New Zealand(Forestet al., 2000), the
AndamanSeain the northernindian Ocean(McLaughlin, 2002),andthe Gulf of Oman
(Moradmand& Sari, 2007). The set of literaturethat dealswith regional or worldwide
reviews of paguridgenerancludes: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 deepvater (generallybetween100 and 2000 m) hermit crabshasa
worldwide distribution and several papershave dealtwith regional distributions of the
family, or particulargenera often including bathymetric data. Theseinclude reviews of
speciedn the watersof the eastermAtlantic (Lemaitre,1990),Antarctic and Subantarctic
waters (Lemaitre & McLaughlin, 1992), French Polynesianwaters (Lemaitre, 1994),
Australianwaterg(Lemaitre,1996),Indonesiamwaters(Lemaitre,1997),andNew Zealand
waters (Lemaitre, 2000), as well as reviews of the genusParapagurus in the western
Atlantic (Lemaitre,1989)andPaci ¢ andindianoceangLemaitre,1999),andaworldwide
review of thegenusSympaurus(cf. Lemaitre,2004).

PYLOCHELIDAE

Two papersby Forest(1987a,b) provide the bulk of the availableinformationregard-
ing the depthdistributionsandbiogeograpi of all valid membersof this family of deep-
water symmetricalhermit crabs.Very recently papersdealingwith larval development
(McLaughlin & Lemaitre,2008) and morphologicalphylogery (Lemaitreet al., 2009)
have allowed areassessmewf the family andits constituensubfamilies(McLaughlin&
Lemaitre,2009).
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HAPALOGASTRIDAE AND LITHODIDAE

One of the rst contributions to understandinghe zoogeographidistribution of
lithodoids(amongotherAnomura)in northernPaci ¢ waterswasthatof Makaros (1962;
an Englishtranslationof the original 1938 Russiantext). As well assuggestingdistinct
zoogeographizonesfor lithodoids, Makaros also postulateda North Paci ¢ center of
origin and mappeddispersal routesto the other oceansof the world. Dawson (1989)
provided a comprehensk bibliograply of the lithodoid literatureincluding early works
on depthdistributions and biogeograp; Zaklan (2002) later reviewed the distribution,
biology, and sheries of the world’s lithodoids. SinceZaklan's s/nopsis,variousstudies
have extendedthe rangesof somelithodidsinto polar, Antarctic waters(Thatje& Arntz,
2004;Thatje& L6rz,2005; Thatjeetal., 2005,2008;Ahyong& Dawson,2006)andhave
increasedur knowledgeof regional faunas(Macphersor& 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 biogeograpi in the context of temperaturecontraints.The chief
patternsto be obsered in lithodoids are as follows: their greatestgenericdiversity is
foundin the northernPaci c, in which 10 of 15 generaexclusively occur (including all
5 generaof the Hapalo@stridae).TheselO generaare principally shallov water forms
requiring low temperaturegor survival of early life-history stages,so their rangesare
largely constrainedby seasurface temperature Deepvater lineagesescapedseasonal
temperatureuctuations,andunderwenttleastthreeradiationsinto waterbodiesoutside
the North Paci c. The largestlithodid genera(Lithodes Neolithodes and Paralomis)
are cosmopolitanand rangefrom Arctic to subantarctiqLithoded or Antarctic waters
(NeolithodesParalomis). Moreover, thespeciedfrom thedeepvaterlineagesurrentlylive
closeto thethresholdof theirtemperaturéolerancen the SoutherrOceanandtheirfuture
distributionmaybeaffectedby increasei oceartemperatureThus lithodoidsapparently
originatedin thenorthernPaci ¢, from wherethe grouphasexpandedvorldwide,but with
rangesconstrainedy watertemperature.

CHIROSTYLOIDEA AND GALATHEOIDEA

Historically, thesetwo squatlobster superfimilies have been dealt with together
and this corvention will continue here for corvenience.The earliest discussionsof
zoogeographin thesefamilieswerein Milne-Edwards& Bouvier (1894)andDo ein &
Balss(1913),althoughtheir taxonomyis now outdatedBiogeographicahndbathymetric
dataare now provided in the more recentsystematicworks of Baba (2005) and Baba
et al. (2008). The bulk of chirostyloid and galatheoiddiversity is in the westernPaci ¢
at continentalshelf and slope depths.Although this partly re ects sampling effort, the
phenomenomeverthelesappearso bereal,with Munididae,atleast,having experienced
signi cant, recentradiation in the southwesternPaci c (Machordom& Macpherson,
2004).0f the 35 galatheoidgenera6 arerepresentedh both the Indo-WestPaci ¢ and
Atlanto-EastPaci ¢ regions,and Anomeomunidaccursonly in the Atlantic Ocean.The
remaining29 generaare restrictedto the Indo-WestPaci c. The two largestgalatheoid
generaMunida and Munidopsis eachwith well over 200 speciesare cosmopolitan Of
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theeightrecognizedthirostyloidgenerafour arerepresenteth boththelndo-WestPaci ¢
andAtlanto-EastPaci ¢ regions,includingthelargestgenusUroptydus(with morethan
200 knavn species)Specieof PseudomunidandUroptydodesoccuronly in thePaci ¢
OceanandHapaloptyxis only foundin the IndianOcean.Speciedevel studiesof squat
lobsterbiogeograph are currentlyundervay, anda recentstudy of deep-seaalatheoids
(Macphersoret al., 2009) from the Paci ¢ Oceanrevealeda generalincreasdn species
richnesdrom highto low latitudes andalongitudinaldecreas@ speciegichnesdromthe
westernto centralPaci c. Thus,thetropicalwesternPaci ¢ containsthe highestspecies
richnessfor GalatheidaeMoreover, thereis a tendeng towardssmallerbody size and
endemism differentiatingthe Coral Sea,Indo-Malay Archipelago,New Zealand,and
FrenchPolynesiaas‘independentcentersof diversity.

Speciescompositionin relation to habitat is subjectto ongoing studies.Recently
Rowdenet al. (2010) foundthat amongsouthwesterrPaci ¢ squatlobsters,seamount
community compositiorwasnot distinctfrom thatof otherhabitatsat comparablalepth,
suchas slopesand canyons However, communitieson seamountson ridges may be
distinctfrom thosefoundelseavhereon ridges,thesedifferencesdeing more pronounced
with geographidistance.

PORCELLANIDAE

This large, highly carcinizedanomuranfamily hasonly recently beendealt with in
ary biogeographiperspectie, andoftenthenonly regionally, eventhoughthe systematic
literaturehasalong history Harvey (1991) previdedanin-depthlook atthe biogeograpi
of the reasonablylimited porcellanid fauna from the Galapagoslslands, while the
biogeograpk and depth distributions of westernAtlantic porcellanidsare coveredin
publicationsfrom Werding et al. (2003) and Rodriguezet al. (2006). The latter paper
providesthe informationin the context of a molecularphylogery. Porcellanidsare most
commonin shallow tropical and sub-tropicalwatersof the world (oftenin commensal
relationshipswith invertebratessuch as coralsor echinoderms)but they alsooccurat
high latitudesin subpolarwaters.As with the galatheidsand chirostylids,the bulk of
porcellaniddiversity occursin the tropical Indo-West Paci ¢ region. Of the 29 extant
generapne-thirdis representednly in the Atlanto-EasPaci ¢, one fth arecosmopolitan,
andthe remaininggeneraoccuronly in the Indo-WestPaci ¢ region. The largestgenus,
Petrolisthes is cosmopolitarandcontainsabout100species.

AEGLIDAE

Notes on the distribution and biogeograpi of these unique freshwater endemic
South Americananomuransspana more than 100-yearperiod in the literature.In his
work on freshwater decapodOrtmann (1902) made brief mention of the distribution
of the only speciesknown at the time, Aggla laevis Leach,1820, but 40 yearslater the
numberof describedspeciedadrisento 20 andSchmitt(1942)madezoogeographiand
distributional remarkson all of them. Later Feldmann(1986) usedliving distributions,
fossil occurrenceand continental drift theory to postulateon the paleobiogeograply
of the family. It is known from a few fossil aeglidsin New Zealand (Feldmann,1984)
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and Mexico (Feldmannet al., 1998) that aeglids arosein marine ervironmentsin the
southerrPaci ¢ Oceanandthis strengthenshe agumentof Ortmann(1902)thataeglids
invadedSouthAmericafrom this oceanandextendedtheir rangeto the eastandthe north
into freshwatersystems . Schmitt(1942)andMorrone& Lopretto(1994,1995)suggested
dispersalin the oppositedirection,i.e., eastto west (seebelav), basedon the premise
thatthe leastornamenteanorphologyseenin Atlantic specieds plesiomorphicThefact
thatthe New ZealandCretaceousnarinefossil is heavily ornamentedFeldmann,1984)
contradictsthis agument.A monographof all 59 known specieswith distribution maps
was publishedby Bond-Buckup& Buckup(1994),andthis wasfollowed by two papers
by Morrone& Lopretto(1994,1995)dealingwith analyse®f historicalpan-biogeograph
and southernSouth American endemicity of Aeglidae (along with two other South
Americanfreshwaterdecapodamilies, Parastacida@and Trichodactylidae) More recent
contritutionsby Pérez-Losadatal. (2002,2004)provide a molecularsystemati@ccount
of Aeglidaein thecontet of Anomura,andmoleculardivergenceimesandzoogeograph
for 64 recognizedspecieof Agyla, respectiely (seephylogery sectionabove).

ALBUNEIDAE AND BLEPHARIPODIDAE

Boyko & Harwey (2009)studiedthe phylogery andbiogeograpi of thesetwo families.
Until recently however, Blepharipodidaevasconsideregartof Albuneidaeandthelittle
publisheddiscussionof biogeograpi of thesegroupstreatedthem together Ortmann
(1896) suggestedhat the alluneidsoriginatedin the westernAtlantic and dispersed
westward to the easternPaci c and continuedon through the Indo-West Paci ¢ and
thento the MediterranearSea. Efford (1971) examinedthe distribution of speciesof
Lepidopa sensulato, and on the basisof several geminate speciespairs on eitherside
of the Isthmus of Panama, suggestedsigni cant diversibcation prior to the Pliocene
closure of the Panamanian seaway Coehlo & Calado (1987) attemptedto examine
albuneidandblepharipodiddistributions, but their work was unfortunatelycompromised
by errorsintroducedby a limited literaturesurvey andinaccurateolder literaturerecords.
Onthebasisof phylogeneticanalysisfollowing Boyko’s (2002)comprehensie taxonomic
revision, Boyko & Harvey (2009) concludedthat Albuneidaehad a shallov waterIndo-
Paci ¢ origin ratherthanAtlantic assuggestedy Ortmann(1896).Basalandsuccessie
generan theRecent_epidopinaeleucolepidopandAustolepidopa andin Albuneinae,
Stemonopgaare restrictedto the Indo-Raci c. This suggestghat ratherthan originating
from a broad Tethyan distrib ution, Albuneidaeoriginatedin the shallow Indo-Raci ¢
region andlaterdispersecdkastvardinto the Atlantic. In contrastplepharipodidsappearto
have originatedin the easterrPaci ¢, from which differentlineagescolonizedthe Indo-
WestPaci ¢ andwesternAtlantic.

HIPPIDAE

Distributionaldataandzoogeographistudiesin this family canbe foundin Tametal.
(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 ¢ speciesBothrangefrom
eastAfrica, throughthe Red SeaandAsiato New Caledoniain thewesternPaci ¢ Ocean,
andnorthto Chinaandsouthto tropical Australia. The onespeciedHippa paci ca (Dana,
1852)alsooccursin theeasterrPaci ¢ Ocearfrom Californiato Panamaandwestwardto
the Galapagosslands.

SYSTEMATICS

Classibcation

InfraorderANOMURA MaclLeay 1838
PAGUROIDEA Latreille, 1802
Body asymmetrica(rarely symmetrical);,ocularscaleswvell-developedor secon-
darily reducedg antennahrticles;11 pairsof gills; rst pereiopodsrechelipeds;
secondandthird pereiopodamhulatory, dactyli with claw; fourth pereiopodre-
duced,simple,chelateor subchelate;fth pereiopodeducedthird through fth
pleopodspaired,unpaired,or absenturopodalrami not forming a tail fan, with
raspspr absent[After Poore,2004.]
COENOBITIDAE Dana,1851

Carapacendbody mostly paguroidin form (Coenobita or with pleoncalci-
ed andtuckedunder(Birgu9; carapacevell calci ed; eyestalkdaterally at-
tened,subparalleto eachother; antennulapedunclegprominentlyelongate,
rst sggmentde exed,distaltwo segmentssenderandcylindrical, dorsal ag-
ellum compressewith tip truncate;antennaehort,laterallycompressedci-
cle small andfusedto sscondpedunculasegment;third maxillipedsapproxi-
matedbasally;ischiumwith well-developedcristadentatagccessoryoothab-
sent; rst pereiopodunequalleft largerthanright), massie; secondandthird
pereiopodamhulatory, stout, longerthanchelipedsfourth pereiopodchelate
or subchelate,fth pereiopodchelate;pleonasymmetrical segmentationnot
clear; male pleopodsabsent;femalewith three unpairedpleopods;uropods

bearraspto graspgastropodshell (exceptBirgug. [After Davie, 2002.]

DIOGENIDAE Ortmann, 1892

Carapaceand body paguroidin form; eyestalkscylindrical;, antennadong
and subglindrical; antennularagellum elongate; third maxillipedsusually
adjacentat base,ischiumwith well developedcristadentataaccessoryooth
presenbor absent;13 or 14 pairsof gills; rst pereiopodsinequal(generally
left larger) or sometimesequalor subequalmale fth pereiopodwith paired
(sometimessingle)gonoporeson coxae,sexual tubeabsent;rst pleopod(or
rst andsecondkometimegpaired;secondhrough fth pleopodunpairedon
left sideonly, sometimesabsenin male;pleonwell-developed.asymmetrical,
terga weakly calci ed, integumentmembranousyst pleomeredistinctfrom
last thoracomere[After Forest& McLaughlin, 2000; Davie, 2002; Poore,
2004.]
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PAGURIDAE Latreille, 1802
Carapacendbody paguroidin form; carapacearrav, posteriorpartusually
membranousnd soft; antennularagellum elongate, endsin lament; rst
maxilliped with distinct agellum; third maxillipedswidely separatedat base
(broadsternalplate),ischiumwith well developedcrista dentata,accessory
toothpresenbr absentusually11 (sometimedewer), occasionallyl 3 pairsof
gills; rst pereiopodshelate,unequal(right larger) or subequal;secondand
third pereiopodamhtulatory, cylindrical; fourth and fth pereiopodreduced,
one or both chelateor subchelate(rarely simple); male fth pereiopodwith
pairedgonoporen coxae,sometimedong sexual tube(sometimegaired)
present;usually 3 (male) or 4 (female) biramous pleopodson left side
only, sometimesrst pleopod paired in male or female, rarely rst and
secondpleopod paired in male; pleon soft, well-developed, asymmetrical
(rarely symmetrical),integumentmembranous;rst pleomeredistinct from
lastthoracomereyropodgpresentusuallyasymmetricalmodi ed asholdfasts
(with rasps)telsonusuallywith medianconstriction Jateralterminalmamgins
usually with median cleft. [After de Saint Laurent& McLaughlin, 2000;
Davie, 2002;Poore,2004.]

PARAPAGURIDAE Smith,1882
Carapacandbodypaguroidin form; cephalothoracishield broadlyrounded,
notnarraving posteriorly sometimesveaklycalci ed dorsally;epistomewith
0-2 medianspines(epistomialspine); labral spinepresentihird 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
larger and often operculate)secondandthird pereiopodsimple,amtulatory,
unarmed,ong and slender;fourth pereiopodsubchelatewith pleurobranch
only (rarely rudimentaryon fth pereiopod);fth pereiopodchelate; rst or
secondpleopod,or both, sometimesairedin male, modi ed asgonopods;
third through fth pleopods(secondthroughfourth or secondthrough fth
in females)on left only, biramous,exopod short; pleon well developed,
asymmetricaltemgitesentire,integumentmembranoustelsonentire, without
trans\ersesuture.[After Lemaitre,2000;Davie, 2002;Poore,2004.]

PYLOCHELIDAE Bate,1888
Carapacepagurid-like, divided by completeor incompletelineatrans\ersalis;
rostrumpresenbr absentgyestalksnormalor reducedgorneadarge,reduced,
or absentantennulaandantennapedunclesvell developed, agella andaci-
clespresent;rst maxillipedwith well developedepipod, agellated exopod,;
third maxillipedsadjacentat basejschiumwith well developedcristadentata,
accessoryeethpresentor absent;14 pairs of gills; rst pereiopodshelate,
equal, sometimesoperculiform; secondand third pereiopodsimple, amhu-
latory; fourth and fth pereiopodmore or less subcheliformwith propodal
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rasp(may be reducedo a line of modi ed setae)pleonstraight(asymmetri-
calonly in Mixtopagurug, somitescalci ed, distinct,articulated;rst through
fth pleopodpaired;male rst andsecondpleopodandfemale rst pleopod
modi ed asgonopodstelsonwell developed,with or without trans\ersesu-
ture.[After Forest& McLaughlin,2000;Davie, 2002;Poore,2004.]
PYLOJACQUESIDAE McLaughlin& Lemaitre, 2001
Linea trans\ersalisand cervical groove distinct; eyestalkswell developed;
corneapigmentedr not; ocularacicleselongate;antennulaandantennape-
duncleswell developed antennapedunclewith supernumerargegmentation;
mandiblewith prominentcorneoudeeth; rst maxilliped with multiarticulate
agellum; third maxillipedsbasallyseparatedby narrov protrusionof sternal
plate;cristadentatamoderatelydeveloped,without accessoryooth; thoracic
sternite9-11fusedbut with suturesapparentsternites12-14well separated,;
rst pleomerecontiguouswith lastthoracomerehut sutureclearlydiscernible;
pleomeresnembranougxceptfor 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.]

LITHODOIDEA Samouelle]1819
Body crab-like, pleonfolded underneath¢arapacealci ed, dorsalregionswell
de ned, typically bearinga variable numberand size of granulesor spines;
rostrumpresentyariablesize andshapegyeswith pigmentederminalcorneas;
rst maxilliped exopod with agellum; third maxillipeds widely separatedat
base;scaphoceritgoresentor reducedto small sclerite; epistomespine absent;
rst pereiopodshelate equalor subequa(right largerthanleft); secondhrough
fourth pereiopodamhulatory; fth pereiopodsubchelatefolded undercarapace;
pleon asymmetricalin females,symmetricalin males,short, broad, calci ed,
pleonal terga with supplementakalci ed plateslateral to paired plates; rst
pleomerefusedto last thoracomere;pleopodsabsentin males; female rst
pleopodpaired,small; femalesecondthrough fth pleopodsimple,uniramous,
unpaireduropodsabsent[After Davie, 2002;Poore ,2004.]
HAPALOGASTRIDAE McLaughlin,Lemaitre& Sorhannus2007
Rostrum at, triangular usually shorter that eyestalks;third maxillipeds
widely separatedbasally;ischium with well-developedcrista dentata;with
oneor two accessoryeeth;pleonwith secondandterminaltwo somitesill-
calci ed; secondabdominakomitecomposeaf onemedian two lateral,and
two maiginal plates;pleopodslacking in males;in females rst abdominal
somitewith rudimentarypairedpleopods;secondthrough fth somiteseach
with unpaireduniramouspleopodson left side.[After Miyake, 1978.]
LITHODIDAE Samouelle1819
Body crab-like, pleon folded underneathgarapacecalci ed, dorsalregions
well de ned, typically bearinga variable numberand size of granulesor
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spinesyostrumpresentyariablesize andshapepgyeswith pigmentederminal
corneas; rst maxilliped exopod with agellum; third maxillipeds widely
separate@t base;scaphoceritgpresenior reducedo smallgranule;epistome
spine absent; rst pereiopodschelate,equal or subequal(right larger than
left); secondhroughfourth pereiopocamtulatory; fth pereiopodsubchelate,
folded undercarapacepleonasymmetricaln females,symmetricaiin males,
short,broad,calci ed, pleonalterga with supplementatalci ed plateslateral
to pairedplates; rst pleomerefusedto last thoracomerepleopodsabsent
in males;female rst pleopod paired, small; female secondthrough fth
pleopodsimple, uniramous,unpaired;uropodsabsent.[After Davie, 2002;
Poore ,2004.]

GALATHEOIDEA Samouelle1819

Rostrumwell-developedor obsoletecephalothoraxand abdomensymmetrical;
all abdominalsomitesdistinct, freely articulating,sclerotizedeighththoracom-
ere with well-developed sternite; ocular acicles absent;antennalpeduncle4-
segmented(sggments2 and 3 of ve sggmentsfused);acicle absent;mandible
incisor magin entire; third maxilliped with or without epipod; rst pereiopods
chelatesecondo fourth pereiopodsswalking legs;telsonanduropoddaminar
forming tailfan, not folded against precedingsomite;telsondistinctly or indis-
tinctly subdvided into plates;gills phyllobranchiate[Modi ed after Ahyong et
al.,2010.]
GALATHEIDAE Samouelle1819

Carapacdongerthanwide; dorsallywith trans\ersestriae or tubercles;ros-
trumwell-developed proad, attened,usuallysubtriangularsupraoculaspines
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;chelipedssubglindrical to ovatein cross-
section[After Babaetal., 2009;Ahyongetal., 2010.]

MUNIDIDAE Ahyong,Baba,Macphersor& Poore 2010

Carapacdongerthanwide; dorsally with trans\ersestriae; rostrumslender
dorsallyridged,usuallystyliform; supraoculaspinespresentielsondistinctly
or indistinctly subdvided into multiple plates; eyes with well-developed
corneaantennapedunclalirectedanteriorlyor anterolaterallymandiblehav-
ingincisoredgeentire; rst maxillipedexopod agellum well-developedihird
maxillipedpediform,ischiumandmeruselongate,notexpandedmesially;epi-
pod presentchelipedssubglindical to ovatein cross-sectionjAfter Babaet
al.,2009;Ahyongetal., 2010.]

MUNIDOPSIDAE Ortmann,1898

Carapacedorsally with or without few trans\erse striae; rostrum well de-
veloped, subtriangularor spiniform, supraocularspinesabsent;telson dis-
tinctly orindistinctly subdvidedinto severalplates;eyesreducedr with well-
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developedcorneaemandiblehaving incisoredgeentire; rst maxilliped exo-
pod without lash or with reducedlash; thirdmaxilliped with epipod.[After
Ahyongetal.,2010.]
PORCELLANIDAE Haworth, 1825

Rostrumwell developedto obsoletejf well-developed,broad,subtriangular
attened; supraoculaspinespresenior absentcarapacdexcluding 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 subdvided 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
absentrhelipedsattened.[After Ahyongetal.,2010.]

CHIROSTYLOIDEA Ortmann,1892

Body symmetrical,carapacewith or without trans\erse striae; rostrum vari-

ously developed,usually prominent;supraocularspinespresentor absent;ster

nal plastron consisting of sternites 3-7; eighth thoracomerewithout sternal

plate;abdomerwell-developed all somitessclerotized articulating;tailfanwell-

developed folded beneattprecedingsomite;telsonanduropodslaminar;telson

trans\erselydivided by suture;antennapeduncleconsistingof 5 segments;aci-

cle presentor absentmandiblewith toothedcutting edge; rst maxilliped with

or without epipod; rst pereiopodalways chelate;secondto fourth pereiopods

aswalking legs; third maxilliped and pereiopodswithout epipods;gills phyllo-

branchiate[After Schnabe& Ahyong,2010.]

CHIROSTYLIDAE Ortmann,1892
Carapacewithout trans\ersesetiferousstriae; supraoculaispinesabsent;re-
gions usually ill-de ned; branchialregions medially separatedby cardiac
andintestinalregions;pleuronof secondpleonitewithout spineon anterolat-
eralmaugin; tailfanfolded beneattprecedingabdominalsomite,telsontrans-
verselydivided into 2 lobes;third sternitenot strongly producedanteriorly;
eyes well developed;antennalacicle presentor absent;mandilular cutting
edgecalci ed, strongly serratedalongits length (except possibly Hapalop-
tyx); rst maxilliped without epipod; exopodal agellum presentor absent,
not annulatedjwo arthrobranch®n third maxilliped to fourth pereiopod,1
arthrobrancton fth pereiopodpleurobrancton secondo fourth pereiopod;
male rst andsecondgyonopodspresent[Modi ed after Schnabek& Ahyong,
2010.]
EUMUNIDID AE A. Milne-Edwards& Bouvier, 1900

Carapaceordiform, elongate,with trans\ersesetiferousstriae;posterolateral
mauigin entire, not excavated;rostrumstyliform, ankedby 1 or 2 supraocu-
lar spines;cervical groove distinct; branchialregions medially separatedy
cardiacandintestinalregions; secondpleonitewith pleuralmaigin anterolat-
erally producednto strongspine;tailfanfolded beneattprecedingabdominal
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somite,telsontrans\erselydividedinto 2 lobes;third sterniteanteriormargin
trans\erselysinuousor irregular, not strongly producedanteriorly; eyeswell
developed;antennahciclepresentmandibleincisorridge with 3 small teeth;
rst maxillipedwith well-developedepipod;exopodal agellum annulatedn
distal portion;two arthrobranchsn third maxillipedto fourth pereiopodves-
tigial on third maxilliped), 1 arthrobranchon fth pereiopod;pleurobranch
on secondto fourth pereiopodsmale rst gonopodabsentsecondgonopod
vestigialor absent[Modi ed after Schnabek Ahyong,2010.]

KIWAIDAE MacphersonJonest Segonzac2005

Carapacelongate,smoothwithouttrans\ersesetiferousstriae;posterolateral
maigin entire, not excavated; rostrumtriangular anked by small supraoc-
ular spines;cervical groove distinct; branchialregions meetingin midline;
secondpleonite without pleural spine;tailfan folded beneathprecedingab-
dominalsomite telsontrans\erselydividedinto 2 lobes;third sterniteanterior
maugin stronglyproducedanteriorly;eyesstrongyreducedsoft, not calci ed,
movable,unpigmentedantennahcicleabsentmandibleincisorridgestrongly
serratedalongits length,corneous;rst maxilliped with well-developedepi-
pod;exopodal agellum annulatedn distalportion;two arthrobranchenthird
maxillipedto fourth pereiopodvestigialon third maxilliped); fth pereiopod
withoutarthrobranchpleurobranchabsentmalepleopod<-5present[Mod-
i ed afterSchnabe& Ahyong,2010.]

AEGLOIDEA Dana,1852

Carapacewidest near posterolaterakcorners,traversedby prominentcervical
groove; thoracicregion subdiided into prominentcardiacregion axially, and
lateral branchialregions subdiided by one or more trans\erseor longitudinal
linae; terminal thoracic sternal elementpresent;rostrum prominent, typically
carinate extendingwell beyond anterolaterabpines; rst pereiopodswith stout
chelaetypically with abellate projectiondevelopedon inner part of handnear
articulationwith dactylus,jnnermaigin of carpusspinosetelsonusuallydivided
by longitudinalsuture [After Feldmann;1984.]

AEGLIDAE Dana,1852

As persuperéimily diagnosis.

LoMISOIDEA Bouvier, 1895

Body crab-like, symmetrical, attened, triangular; eyestalks broad and at;

corneainsertedaterally; ocularscalesabsentantennapedunclewith 6 articles;
epistomewith spine;third maxillipedsseparatedt base;14 pairsof gills; rst

pereiopocthelateshort,broad, at; secondthroughfourth pereiopocamhulatory;
dactyli with claw; fth pereiopodvestigial,carriedin branchialchamberpleon
folded underbody; rst pleomerevisible dorsally; third through fth pleopod
paired;malegonopodgpresentfemalerst pleopodpresentfemaleuropodson-
spatulatemale uropodsvestigial; telsonundiided. [After Davie, 2002; Poore,
2004.]
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LoMISIDAE Bouvier, 1895
As persuperamily diagnosis.

HiPPOIDEA Latreille, 1825
Body symmetricalpcularscalesabsentsecondthroughfourth pereiopodiactyli
similar; uropodalrami not forming a tail-fan, without rasps[After Poore,2004.]

ALBUNEIDAE Stimpson,1858
Carapacsubrectangularattened,withoutlateralexpansiongoveringpereio-
pods,dorsalsurfacemoderatelyconvex, broadmatof short, densesimplese-
tae just behindfront (setal eld), numeroustrans\ersesetosegrooves; ros-
trumreducedr absentgpibranchiabpineabsentgyestalksshortto markedly
elongate; corneadistinct, atrophied,or absent;antennulewith 3 segments,
dorsal agellum with 17-250articles,ventral agellum with 0-7 articles;an-
tenna5-sgmentedaciclepresent,agellum with 1-9 articles;mandiblewell
developed,with 3-sggmentedpalp; rst maxilliped with epipod;third max-
illiped with epipod, merusunarmed crista dentataabsentor weak, exopod
slenderor lamellar;gills phyllobranchiate;rst pereiopodsubchelatedactyli
dorsal magin smooth or crenulate,propoduscutting edge smoothor with
blunt teeth; secondthrough fourth pereiopoddactyli laterally compressed
anddorswentrallyexpandedsickle-shaped)fth pereiopodeducedchelate;
pleopodsabsentor rudimentaryin males,presenton femalesecondthrough
fth pleomereuniramouspleonwith pleuraon secondthroughfourth somite,
or fth; uropodspresentlongandlamellar;telsonentire,ovoid. [After Boyko,
2002;Davie, 2002;Poore,2004.]

BLEPHARIPODIDAE Boyko, 2002
Carapacdongerthanwide, broadly keeledaxially, front narrawv; outerocu-
lar spineslong, spinosepneor two hepaticanterolateraspinespresentepi-
branchialspine present;branchiostgite weakly spinose;rostrumtriangular
spinosegills trichobranchiategyestalkscylindrical, corneadarge; rst anten-
nular sgmentunarmeddorsal agellum with 18-85 articles,ventral agel-
lum with 6-21 articles;antennakegmentunarmeddorsally acicleshort, ag-
ellum with 8-44 articles; rst maxilliped with epipod;secondmaxilliped ex-
opodwith multiarticulate agellum; third maxilliped carpalprojectionshort,
merusarmed,strong crista dentatapresent,exopod slenderwith agellum;
rst pereiopoddactylussubchelatedisto-dorsalcarpalspinepresentcutting
edgespinose;secondthroughfourth pereiopoddactyli laterally compressed
anddorsorentrally expandeddorsalmangins of carpispinose;fth pereiopod
reducedchelate;pleonwith pleuraon secondthrough fth somite;females
with uniramous pairedpleopodson secondhrough fth somite;maleswith-
out pleopodsuropodspresenttelsonentire,ovate,laterally expandedsome-
timesweakly sexually dimorphic.[After Boyko, 2002.]

HipPIDAE Latreille, 1825
Carapaceval, strongly corvex, moreor lessexpandedaterally;, with lateral
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extensionscoveringall except rst pereiopodrostrumreducedr absentgye-
stalksshortor long; corneadistinct; mandiblereducedthird maxilliped with-
outexopod,suboperculiformwith enlaged,broadeneadnerus; rst pereiopod
simple, dactyli cylindrical or lamellate;secondand third pereiopoddactyli
cuned and attened, fourth pereiopoddactyli lesscurved and attened; fe-
malewith threepairsof pleopodson secondhroughfourth pleomereuropo-
dal exopodandendopodong, lamellar; telsonstrongly elongate,lanceolate,
apicallyacute [After Haig, 1974;Davie, 2002;Poore,2004.]

APPENDIX
Taxaat speciedevel (and occasionallyat genuslevel), mentionedin this chapter with authorities
anddatesof their description

Acanthopgurusdubius(A. Milne-Edwards& Bouvier, 1900)
Agla cavernicolaTurkay, 1972

Agla platensisSchmitt,1942

Aggla schmitti Hobbs,1979

Agla uruguayanaSchmitt,1942
Alainopaguroideslemaitei McLaughlin, 1997
AlbuneamicropsMiers, 1878
AlbuneasymmystgLinnaeus1758)
Anapayurusbicorniger A. Milne-Edwards& Bouvier, 1892
AnapauruschiroacanthugLilljeborg, 1856)
Asymmetrion@asymmetricgShiino,1933)
Athelgestakanoshimensitshii, 1914

Bathythelesincisus(Forest,1987)

Birguslatro (Linnaeus1767)

Blepharipoddiberata Shen,1949
BoninpayurusacanthotielesAsakura& Tachikava, 2004
BriarosaccugallosusBoschma1930

Calcinuselggans(H. Milne Edwards,1836)
Calcinuslaevimanus(Randall,1840)
CancellotelessculptipegMiyake, 1978)
CancellustypusH. Milne Edwards,1836
Catapaguroidesjaponicusde SaintLaurent,1968
CatapauroidesmegalopsA. Milne-Edwards& Bouvier, 1892
Catapayurustuberculosus(Asakura,1999)
Cervimunidajohni Porter 1903
CheimoplatealaticaudataBoas,1926
Chirostylusinvestigatoris(Alcock & Anderson1899)
Ciliopagurusstrigatus(Herbst,1804)
ClibanariuseurysternugHilgendorf,1879)
Clibanariuserythropus(Latreille, 1818)
ClibanariusfonticolaMcLaughlin& Murray; 1990
Clibanariustaeniatus(H. Milne Edwards,1848)
ClibanariusvirescengKrauss,1843)
CoenobitaclypeatugHerbst,1791)
CoenobitaperlatusH. Milne Edwards,1837
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CoenobitapurpureusStimpson,1858
Coenobitascaerola (Forskal,1775)
Coenobitavariabilis McCulloch,1909
CryptolithodesexpansusMiers, 1879

Dardanusmegistos(Herbst,1804)
DardanusrobustusAsakura,2006
DardanussetiferH. Milne Edwards,1836
DardanusumbellaAsakura,2006
DecaphyllusharunajayaMcLaughlin,1997
Diogenedbrevirostris Stimpson, 1858
Diogenesedwadsii (De Haan,1849)
DiogenesnitidimanusTerao,1913
DiogenegpataeAsakura& Godwin,2006

EnneopgurusgarciagomeziMcLaughlin,1997
EnneophylluspinirostrisMcLaughlin,1997
Eumunidaannulosade SaintLaurent& Macpherson1990
Eumunidacapillata de SaintLaurent& Macpherson1990
EmeritabenedictiSchmitt,1935

Emeritaholthuisi Sanlolli, 1965

Emeritatalpoida(Say 1817)

Forestopgurusdrachi (Forest,1966)

Galatheain ata Potts, 1915
Galatheasquamifea Leach,1814
Gastioptydusaf nis (Chace1942)

Hapalogasterdentata(De Haan,1849)
Hippa adactylaFabricius,1787
Hippapaci ca (Dana,1852)
Hippatruncatifrons(Miers, 1878)
Hydractinia sodalisStimpson, 1858

llyanassaobsoleta(Say 1822)
Kiwa hirsuta MacphersonjJones& Segonzac2005

LepidopabenedictiSchmitt,1935
Lithodesaequispinudenedict, 1895
Lithodessantolla (Molina, 1782)
Lomishirta (Lamarck,1818)
Lopholithodesmandtii Brandt,1848
Lopholithodegoraminatus(Stimpson,1859)
Lophomastijaponica(Duru é, 1889)

Michelopayuruslimatulus(Henderson1888)
MicropagurusacantholepigStimpson,1858)
MicropaguruspolynesiensigNobili, 1906)
Micropagurus spinimanussakura,2005
Munidagregaria (Fabricius,1793)
Munidairr asaA. Milne-Edwards,1880
MunidaquadrispinosaBenedict,1902
Munidarugosa(Fabricius,1775)
Munidopsispolymorphakoelbel,1892
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Munidopsisserricornis(Lovén,1852)
MunidopsigridentatusEsmark,1857

Nematopguroidesfagei Forest& de SaintLaurent,1968

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

Paralomishystrix (De Haan,1846)
Paguristesdigitalis Stimpson, 1858
Paguristeseremita(Linnaeus1767)
Paguristessquamosu#cCulloch,1913
PagurixusboninensigMelin, 1939)
PagurodesinarmatusHenderson1888
Pagurojacquesigoolymorphade SaintLaurent& McLaughlin,2000
Pagurusbernhadus(Linnaeus1758)
PagurusconstangStimpson,1858)
PaguruscuanensiBell, 1845

Pagurus lholi (De Man,1887)
Pagurusgracilipes(Stimpson,1858)
PagurushirsutiusculugDana,1851)
PagurusinsulaeAsakura, 1991
PaguruslongicarpusSay 1817
PagurusminutusHess,1865
Paralithodesbrevipes(H. Milne Edwards& Lucas,1841)
Paralithodescamtstaticus(Tilesius,1815)
Paralithodesplatypus(Brandt,1850)
Paralomisgranulosa(Jacquinot1847)
Parapylodelesscorpio(Alcock, 1894)
PetrolistheselongatugH. Milne Edwards,1837)
Pisidiainequalis(Heller, 1861)
Pleuroncodesnonodon(H. Milne Edwards,1837)
PleuroncodesplanipesStimpson 1860
Pomatodelesjeffreysii Miers, 1879
Porcellanaplatycheles(Pennant1777)
PorcellanopaurustridentatusWhitelegge, 1900
Probeebeimirabilis Boone, 1926
Pseudopguristesbicolor Asakura& Kosuge2004
Pseudopguristesbollandi Asakura& McLaughlin,2003
Pseudopguristesshidarai Asakura,2004
PylochelesmortenseniBoas,1926
PylopaguropsisfuruseiAsakura,2000

Solenopguruslineatus(Wass,1963)
SolitariopagurustriprobolusPoupin& McLaughlin, 1996
SolitariopagurustuerkayiMcLaughlin,1997
Strigopayurusstrigimanug(White, 1847)

TarrasopaurusrostrodenticulatusMcLaughlin, 1997
TiseagrandisForest& Morgan,1991
Trizochelescaledonicud-orest, 1987
TrichopaurustrichophthalmugForest,1954)
TurleaniamultispinaMcLaughlin, 1997
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TylaspisanomalaHenderson1885
Typhlopaurusforestide SaintLaurent,1972

Uroptydusspinirostris (Ahyong & Poore,2004)

Xylopaguruscaledonicud-orest,1997
XylopagurusrectusA. Milne-Edwards,1880
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