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INTRODUCTION 
AND OVERVIEW

Anomura is a large infraorder exhibiting 
high disparity in body forms, which include 
squat lobsters with elongate pleons, porcel-
lanid crabs with reduced pleons, burrowing 
mole crabs, king crabs, and symmetrical 
and asymmetrical hermit crabs. Anomuran 
habitats are equally diverse and variable, 
and they encompass freshwater and terres-
trial locations in addition to most marine 
ecosystems. Despite this wide variation in 
form and habitat, Anomura is monophyletic 
in all recent analyses and sister to Brachyura 
(Bracken-Grissom & others, 2013; Wolfe 
& others, 2019; Davis & others, 2022) 
(Fig. 1). A key character uniting the group 
is the reduced fifth pereiopod (Poore & 
Ahyong, 2023). Although monophyly is 
well-supported, relationships between and 
among anomurans are resolved variably. 
Understanding anomuran origins, rela-
tionships, and evolution has been compli-
cated further by evolutionary convergence 
and repeated parallel evolutionary patterns 
within the group (Tan & others, 2018). 
The fossil record for Anomura is inconsis-
tent; for example, galatheoid squat lobsters 
have a reasonably strong record, whereas 
hippoid mole crabs are unknown as fossils 
(Schweitzer, Feldmann, & Fraaije, 2023; 
Schweitzer & others, 2023) (Fig. 2). 
Because of the lack of fossils for some groups, 
testing evolutionary hypotheses is difficult.

Anomurans generally are recognized as 
exhibiting four major body forms (Figs. 3 
and 4). Most hermit crabs have a weakly 
calcified and/or reduced pleon that is shel-
tered by a shell or other object; however, 
some hermit crab families have well-calcified 
pleons, and some do not carry objects. Squat 
lobsters, as the name suggests, are lobster-
like in form with an elongate pleon that is 
partially folded under the carapace, and they 
usually bear long chelipeds. Many anomu-
rans exhibit a crab-like form, with a pleon 
carried ventrally under the body and with a 
wide, flattened carapace (Tsang & others, 
2011). Mole crabs are longer than wide 
and adapted to burrowing, with flattened 
pereiopods to facilitate digging. It is impor-
tant to note that these body forms evolved 
independently in Anomura more than once, 
in most cases, and similar morphologies have 
evolved in other decapod lineages.

Examples of multiple body forms evolving 
in one anomuran lineage may be found 
among the two superfamilies of squat 
lobsters, Chirostyloidea and Galatheoidea. 
In these two clades, similar, convergent 
evolutionary pathways to carcinization seem 
to have developed.  Most phylogenies recover 
the symmetrical hermit crab family Pyloche-
lidae as polyphyletic, with one branch associ-
ated with Chirostyloidea and another with 
Galatheoidea (Ahyong, Schnabel, & Maas,  
2009; Tsang & others, 2011; Ahyong, 
Schnabel, & Macpherson, 2011; Bracken-
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& Feldmann, 2015). No non-paguroid 
anomuran families became extinct at the 
end of the Cretaceous, whereas a quarter 
of paguroid families did (Schweitzer &  
Feldmann, 2023). Many more genera 
became extinct at that time, including 
approximately half of non-paguroid and 
almost two-thirds of paguroid anomuran 
genera (Schweitzer & Feldmann, 2023). 
Overall, families and genera within Anomura 
have moderately long ranges as compared 
with other decapods. Their ranges are 
longer than brachyurans but shorter than 
shrimps and most lobsters (Schweitzer 
& Feldmann, 2023). The overall longevity 
of lineages and consistent proportion of 
Anomura making up the entire decapod 
fauna may be a result of the broad diver-
sity and disparity within it, as well as the 
specializations within various superfamilies 
(Schweitzer & Feldmann, 2023).

Because Anomura is disparate and diverse, 
each major clade is discussed separately.

EOCARCINOIDEA
The earliest anomurans belong to Eocarci-

noidea, which includes two monotypic fami-
lies, Eocarcinidae and Platykottidae (Fig. 2). 
They exhibit an elongate cephalothorax, with 
the pleon extending posterior to the cara-
pace (Fig. 3.3). Platykottidae was recovered 
from Late Triassic limestones of what is now 
the Arabian Peninsula. The Early Jurassic  
Eocarcinus Withers, 1932, recovered from 
clays of the UK, retains a chela in the posi-
tion of the second pereiopod on two separate 
specimens (Feldmann & Schweitzer, 
2010), which is unusual but not unknown 
among Anomura. Subchelate appendages 
other than pereiopod one are known among 
Munidopsidae (Ahyong, Andreakis, & 
Taylor, 2011). The association of the second 
chelae with the specimens has been debated, 
but it seems most parsimonious to consider 
them as belonging to the animal rather than 
as dissociated claws from another chelate 
organism that are serendipitously present 
on two separate specimens. Its enigmatic 

Grissom & others, 2013, molecular only). 
In Chirostyloidea, an evolutionary pathway 
from pylochelid hermit crab to chirosty-
loid squat lobster to carcinized Lomisidae 
was proposed (Ahyong, Schnabel, & 
Macpherson, 2011). In Galatheoidea, a 
separate clade of pylochelid hermit crab was 
associated with galatheoid squat lobsters 
and the carcinized Porcellanidae (Ahyong, 
Schnabel, & Macpherson, 2011). These 
possible instances of convergent and parallel 
evolution within superfamilies of the same 
infraorder compound interpretations of 
anomuran evolution.

Schram and Koenemann (2021) summa-
rized three major evolutionary hypoth-
eses about the origin of Anomura: from a 
hermit crab-type ancestor, a squat lobster-
like ancestor, or a crab-like ancestor. The 
earliest fossils currently referred to Anomura, 
Eocarcinoidea, suggest the squat lobster-like 
ancestor is most likely, based on their gross 
morphology with an elongate cephalothorax, 
a pleon partially held under the body, and 
elongate pereiopods—all similar to squat 
lobster morphology. The eocarcinoids are 
the oldest forms currently referred to the 
group and were considered as a general-
ized stem form for Anomura (Schram & 
Koenemann, 2021). Notably, early hermit 
crabs of Schobertellidae also exhibit these 
features, albeit with shorter pereiopods. 
Thus, a squat-lobster-like ancestral form is 
supported by the preponderance of evidence 
at this time.

Anomuran generic diversity pre-Holocene  
peaked in the Tithonian, the Ypresian,  
and the Priabonian, in part associated with 
the carbonate reefs in Europe during these 
times (Fig. 5) (Perrin, 2002; Klompmaker 
& others, 2013). Overall, the anomuran 
percentage of the total decapod fauna 
(approximately 11%) has remained rela-
tively consistent since the Late Triassic 
(Schweitzer & Feldmann, 2015). The 
group also has exhibited a strong preference 
for coral reef and higher energy environments, 
at least in the fossil record (Schweitzer
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form has led to Eocarcinus being regarded 
as a stem-brachyuran (Scholtz, 2020), 
but we retain it within Anomura, following 
the discussion of characters by Feldmann 
and Schweitzer (2010). The body plan of 
Eocarcinoidea suggests that the squat lobster 
body plan was the earliest to appear among 
Anomura, at least based on the current fossil 
record.

GASTRODOROIDEA
Another enigmatic group, Gastrodor-

idae, the sole family within Gastrodoroidea, 
ranged from Middle Jurassic to early Late 
Cretaceous. Members exhibited an elongate 
carapace with moderately to well-developed 
carapace regions and weak orbits (Fig. 4.4). 
Gastrodoridae is known exclusively from 
carbonates of what is now Europe. There 

is no consensus on the position 
of Gastrodoridae among deca-
pods; Fraaije and others (2022) 
considered it to be a hermit crab, 
but others have placed it within 
Anomura unrelated to hermit crabs 
(Klompmaker & others, 2011) or 
even as a brachyuran (Feldmann 
& Schweitzer, 2009). Herein 
they are considered as carcinized 
anomurans, with enigmatic affini-
ties, because no extant hermit 
crabs or other anomurans have a 
similar carapace (Tudge, Asakura, 
& Ahyong, 2012).

HIPPOIDEA
Extant hippoids are burrowing 

forms with an elongate cara-
pace and pereiopods adapted 
for digging. They are commonly 
encountered on beaches  and 
consequently, familiarly referred 
to as “mole crabs” or “sand crabs” 
(Poore & Ahyong, 2023) (Fig. 
3.1). Of the extant Anomura, 
they are the most basal clade and 
recovered as sister to all other 
anomurans (Ahyong, Schnabel, 
& Maas, 2009; Tsang & others, 
2011;  Bracken-Grissom & 
others, 2013; Poore & Ahyong, 
2023) (Fig. 1). The fossil record 
of hippoids belies this apparent 
early divergence because the oldest 
known fossil is Late Cretaceous 
(Maastrichtian), which is much 
later than several other anomuran 
lineages appeared (Fig. 2). The 
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Anomura1. Phylogenies for anomuran families. 1 adapted from Bracken-
Grissom & others (2013, morphology), 2 adapted from Tsang & others (2011).  Red 
indicates carcinized forms.

Fig. 1. Phylogenies for anomuran families. 1, adapted from Bracken-
Grissom & others (2013, morphology). 2, adapted from Tsang & 
others (2011). The red indicates carcinized forms.
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habitat of the extant animals might explain 
their poor fossil record because modern 
forms inhabit the surf zone (Hippidae) and 
intertidal to shallow subtidal environments 
(Albuneidae and Blepharipodidae) (Tudge, 
Asakura, & Ahyong, 2012; Poore & 
Ahyong, 2023). Their delicate carapaces 
likely would break apart in such high energy 
environments; conversely, their burrowing 
habit might promote fossilization as seen in 
axiidean and gebiidean decapods. Hippidae 
is unknown in the fossil record, probably 
because of their very shallow, littoral habitat 
from 0- to 13-m depth (Poore & Ahyong, 
2023). Extant forms inhabit circum-Pacific 
and western Atlantic coastal areas (Poore & 
Ahyong, 2023).

Albuneidae and Blepharipodidae, on  
the other hand, have limited but well- 
documented fossil records in the Paleogene 
(Fig. 2). Their habitat preferences in modern 
oceans differ from those of hippids because 
they range into deeper sublittoral habi-
tats, up to approximately 100 m (Poore & 
Ahyong, 2023), which may explain their 
fossilization potential. The earliest albu-
neid occurrence is in lime sand of the Late 
Cretaceous (Maastrichtian) (Fraaije, 2002). 
Eocene albuneid occurrences are reasonably 
abundant in limestones and volcaniclastics 
of Italy and in Atlantic and Pacific coastal 
North America. Oligocene and Miocene 
occurrences are in siliciclastics. A shift to 
the siliciclastic sandy environments in which 
they are found today occurred by  Oligocene 
and Miocene time in Europe, where fossils 
are found in siliciclastic rocks (Müller, 
1978). Albuneidae was suggested to have 
originated in the Indo-Pacific (Boyko & 
Harvey, 2009), but a Tethyan origin may be 
more likely based on Cretaceous and Eocene 
fossil occurrences in Europe (Schweitzer 
& others, 2023). Blepharipodidae are well-
represented in siliciclastic sediments of the 
Eocene and Oligocene of western North 
America (Nyborg & Vega, 2008), which 
supports the hypothesis that the group 
originated in the eastern Pacific in similar 
environments to those the group inhabits

today and later dispersed to the Indo-Pacific 
(Tudge, Asakura, & Ahyong, 2012; Poore 
& Ahyong, 2023). Most fossil blepharipo-
dids are referred to the extant Lophomastix 
Benedict, 1904, whereas 60% of fossil albu-
neids are referred to extant genera. Morpho-
logically, Albuneidae and Blepharipodidae 
exhibit conservative carapace morphology 
across geologic time, and their distinc-
tive shape and ornamentation makes them 
readily referrable to their respective families.

GALATHEOIDEA
This superfamily is composed of squat 

lobsters and porcelain crabs and was recov-
ered as monophyletic based on analysis of 
extant families (Munididae, Galatheidae, 
Munidopsidae, Porcellanidae) (Ahyong, 
Schnabel, & Maas, 2009; Tsang & others, 
2011; Bracken-Grissom & others, 2013; 
Tan & others, 2018; Wang & others, 2023) 
(Fig. 1). There are two additional extinct 
families, Catillogalatheidae and Paragal-
atheidae. Subsequent work suggests that 
Galatheidae, in addition to several speciose 
genera of galatheoids, are not mono-
phyletic (Rodríguez-Flores & others, 
2023). Palero and others (2017) examined 
extant taxa referrable to Munididae and 
Galatheidae, and they suggested that these 
two families diversified during the Miocene 
in the Indo-Pacific region. The fossil record 
neither supports nor refutes this hypothesis 
because the record for Galatheidae primarily 
is European, and the record for Munididae 
is broad but does not include Indo-Pacific 
occurrences, except Japan. Examination of  
members of a single genus within Galatheidae 
showed that included species moved into 
deeper habitats as early as the Cretaceous 
while also maintaining shallower represen-
tatives, based on molecular clock estimates 
(Rodríguez-Flores & others, 2022). The 
extinct Cretaceous genus Eomunidopsis 
Vía, 1981, exhibits a similarly broad array 
of depositional environments, which indi-
cates that broad environmental tolerances 
appeared early in lineages within the family. 
Such eurytopic adaptations within a single 
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Fig. 2. Geologic ranges of anomuran families with fossil records, in millions of years before present. Tr = Triassic, 
Jr=Jurassic, K=Cretaceous, C=Cenozoic, Blephar=Blepharipodidae. The red indicates carcinized forms; green, mole 
crabs; blue, paguroid with reduced pleon.
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genus may explain the robust fossil record 
and evolutionary success of the group.

Galatheoidea is perhaps the best repre-
sented group among anomurans in the 
fossil record, with the possible exception of  
disarticulated paguroid-type chelipeds. 
Galatheoidea originated in the Middle 
Jurassic and diversity exploded in the Late 
Jurassic (Figs. 2, 5.2). All extant families 
have a fossil record. One family exhibits 
carcinization. It is important to note that 
fossil membership in each family of Galathe-
oidea has not yet been confirmed phyloge-
netically, and referral of fossils to families 
largely has been based on carapace orna-
mentation.

The oldest galatheoid family is Munidop-
sidae, which appeared in the Middle Jurassic. 
Jurassic forms are preserved almost exclu-
sively in limestones with corals. Fossils are 
referred to this family based on possession 
of a circumgastric groove, a branchiocardiac 
groove, well-defined gastric regions, and 
a keeled rostrum (Robins, Feldmann, & 
Schweitzer, 2013). Munidopsidae peaked 
in fossil diversity in the latest Jurassic and 
maintained moderate generic diversity of 
between one and four genera into the Ceno-
zoic, with five extant genera with over 250 
species (Poore & Ahyong, 2023). Paleo-
gene and Neogene species inhabit an array 
of habitats, including slope siliciclastics 
and coral limestones. Shinkaia Baba & 
Williams, 1998, inhabited cold seeps as 
long ago as the Eocene in the northern 
Pacific, where it is found today. Fossils of 
Shinkaia are found in large numbers, and the 
genus is gregarious in modern oceans, which 
suggests conservative habitat, behavioral, 
and geographic preferences in the lineage 
(Schweitzer & Feldmann, 2008; Poore 
& Ahyong, 2023) (Fig. 3.4). Otherwise, 
members of the family now generally prefer 
outer shelf to deep water habitats (Poore 
& Ahyong, 2023); thus, a shift in habitat 
preferences from mostly coral-associated 
habitats to shelf siliciclastics occurred some-
time during the Paleogene. The majority 
of fossil occurrences of munidopsids are 

in Europe, with exceptions for species in 
Japan, West coastal North America, Brazil, 
and Antarctica. Extant forms are cosmo-
politan, including Munidopsis Whiteaves, 
1874, the only extant genus with a fossil 
record besides Shinkaia (OBIS, 2023). Fossil 
species of Munidopsis also are widely distrib-
uted, with occurrences in Antarctica, Bosnia-
Herzegovina, Canada, Japan, Slovakia, and 
Slovenia (Schweitzer & others, 2023).

Other galatheoid families appeared in 
the Late Jurassic. The extinct Catillogal-
atheidae was reasonably diverse until the 
Late Cretaceous, when it was reduced to 
one genus. Membership in this family is 
based on possession of distinct epigastric 
regions, a deep cervical groove, and a broad, 
flat rostrum (Robins & others, 2016). Most 
occurrences of this family are in coral- 
associated limestones (Robins & others, 
2016), with only a few exceptions in shales  
or lithographic limestones (Franţescu, 
2014; Garassino, De Angeli, & Pasini, 
2014). Nearly all occurrences are in Europe, 
with some in USA (Texas), Mexico, Japan, 
and Morocco. Catillogalatheidae survived the 
end-Cretaceous event in Northern Europe, 
in the reefal refugia there (Schweitzer 
& Feldmann, 2023), and became extinct 
in the Paleocene (Yost, Feldmann, & 
Schweitzer, 2023).

Galatheidae, a diverse extant family, is 
questionably known from the Late Jurassic 
with confirmed occurrences in the Early 
Cretaceous (Barremian). The family achieved 
low but stable diversity (1–3 genera) in the 
Cretaceous, with a peak in the early Eocene 
(five genera), and then diminished in fossil 
occurrences through the remaining Paleo-
gene and Neogene. Galatheids typically 
exhibit a strong cervical groove, an inflated 
carapace, and a wide rostrum (Robins & 
others, 2016) (Fig. 3.7). Extant forms prefer 
rough substrates, including corals, from 
the intertidal down to 1200 m (Poore & 
Ahyong, 2023). As is typical in this group, 
fossil forms are predominantly found in 
coral limestones, with a few in clays, sands, 
and lithographic limestones. The oldest 
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Fig. 3. Representative non-paguroid anomurans. 1, Albuneidae; 2, Paragalatheidae; 3, Eocarcinidae; 4, Munidop-
sidae; 5, Aeglidae; 6, Porcellanidae; 7, Galatheidae; 8, Retrorsichelidae; 9, Kiwaidae. All figures from Schweitzer 
and others (2023). Scale bars 1 cm. 
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Anomura3. Representative non-paguroid anomurans. 1, Albuneidae, 2, Paragalatheidae, 3,
Eocarcinidae, 4, Munidopsidae, 5, Aeglidae, 6, Porcellanidae, 7, Galatheidae, 8, Retrorsichelidae,
9, Kiwaidae. All from TO 168. Scale bars = 1 cm. 
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in temperate latitudes (Poore & Ahyong, 
2023). The extant Galathea Fabricius, 1793, 
has an extensive fossil record and is the only 
extant genus known from fossils.

Like Galatheidae, Munididae is a diverse 
extant group appearing in the Late Jurassic 
(Tithonian). However, the family diversi-
fied later, reaching its maximum diversity 
in the fossil record in the late Eocene, and 
all but two referred genera are Cenozoic. 
Fossil species are referred to the family 
based on their strong transverse ornamen-
tation and trifid frontal margin, with a 
rostrum and supraorbital spines (Robins 
& others, 2016). Predictably, the Jurassic 
and later European forms are reported from 
coral limestone, but occurrences outside 
Europe are in siliciclastics. Paleogene North 
American occurrences are in mixed silici-
clastics, and South American occurrences 
are in shales. Extant munidids tend to 
inhabit offshore continental shelf and slope 
settings but can be found in the intertidal 
(Poore & Ahyong, 2023); the family is 
cosmopolitan (OBIS, 2023). The shift from 
coral reefs to offshore settings seems to 
have begun outside Europe as early as the 
Eocene on Pacific coastal North America 
(Schweitzer & Feldmann, 2000). Several 
extant genera have fossil records, Agononida 
Baba & de Saint Laurent, 1996; Munida 
Leach, 1821; Raymunida Macpherson 
& Machordom, 2000; and Sadayoshia 
Baba, 1969, all from Eocene or younger 
rocks and mostly Oligocene or younger. The 
Paleogene records accord with the proposed 
explosive diversification of the group at that 
time, as suggested by molecular analyses 
(Machordom & others, 2022).

The extinct Paragalatheidae is confined 
almost entirely to the Late Jurassic (one 
Early Cretaceous occurrence) (Fig. 3.2), 
central Europe, and limestone reefal habitats. 
This family seems to have radiated quickly 
but also rapidly disappeared (Robins & 
others, 2016). Their distinctive morphology 
includes a very inflated carapace with a wide 
rostrum and uniform, dense ornamentation 
overall (Robins & others, 2016).

Rather different in habitat and body form 
from other galatheoids are the Porcellanidae 
(Fig. 3.6). They exhibit strong carciniza-
tion, with a flattened cephalothorax and 
pleon held against the ventral surface of 
the thoracic somites. They are specialized 
in habitat, primarily inhabiting reefs at 
shelf depths (Poore & Ahyong, 2023). 
Like Munididae, they originated in the 
Tithonian but did not diversify until the 
Eocene. Similar to other galatheoids, early 
occurrences are almost exclusively in coral 
limestones, with only a few exceptions. 
Almost every Cenozoic fossil occurrence is in 
coral-associated limestones; thus, it appears 
they have not changed in environmental 
preferences since their time of origin.

Porcellanidae was established by the Late 
Jurassic, at about the same time as the other 
non-carcinized galatheoid families appeared. 
Only two galatheoid occurrences predate 
the porcellanids, both of which are Middle 
Jurassic munidopsids. A phylogenomic 
analysis recovered Porcellanidae as sister 
to all other galatheoids in a basal position, 
which indicates an early appearance of the 
porcellanid body form (Palero & others, 
2019). Thus, it is difficult to suggest which 
body form appeared earliest because the 
fossil records of galatheoid families, as well 
as molecular evidence, are equivocal. Carci-
nization appears to have been a specializa-
tion for reef dwelling and hiding in small 
crevices, although nearly all Jurassic occur-
rences of Galatheoidea, not just porcellanids, 
are in coral limestones. Extant porcellanids 
generally inhabit corals or rocky intertidal 
areas, but a few may be found associated 
with sponges or soft corals (Osawa & Chan, 
2010). Today, the carcinized Porcellan-
idae remain the main denizens of reefs in 
Galatheoidea. The other galatheoid families 
largely have moved into different habitats. 
Munididae moved into primarily siliciclastic 
and offshore habitats in the Eocene and in 
the Paleogene in Munidopsidae. Galatheidae 
has maintained a variable habitat since the 
Cretaceous, including, but not limited to, 
coral reefs.
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CHIROSTYLOIDEA
Like  g a l a theo id s ,  Ch i ro s t y lo idea 

commonly are called squat lobsters, because 
they exhibit convergent morphology but 
are not in a monophyletic group with 
Galatheoidea. The included extant fami-
lies form a monophyletic group (Chiro-
stylidae, Kiwaidae, Eumunididae, Sterno-
stylidae) (Ahyong, Schnabel, & Maas, 
2009; Tsang & others, 2011; Bracken-
Grissom & others, 2013; Tan & others, 
2018; Wang & others, 2023) (Fig. 1). 
Chirostyloidea often is recovered as sister  
to a clade comprised of Aeglidae and  
Lomisidae (Ahyong, Schnabel, & Maas, 
2009; Tsang & others, 2011; Bracken-
Grissom & others, 2013; Tan & others, 
2018). The fossil record of Chirostyloidea 
is poor, with only four recognized species. 
Fossils have been reported from the Late 
Cretaceous of Lebanon and the Eocene of 
Italy, apparently in quite different environ-
ments from those inhabited by modern 
forms. The lithographic occurrence in 
Lebanon and the Italian occurrence in 
shallow water limestones suggest a shallow 
origin for the group, but extant shallow 
species are uncommon and sometimes coral-
associated (Poore & Ahyong, 2023). Most 
extant chirostyloids inhabit deep water and 
form associations with corals and crinoids 
(Poore & Ahyong, 2023), habitats unlikely 
to be fossilized.

The extinct Pristinaspinidae was recog-
nized to be similar to, and possibly an ancestor 
of, Kiwaidae (Ahyong & Roterman, 
2014), the latter of which inhabit hydro-
thermal vents today (Macpherson, Jones, 
& Segonzac, 2005) (Fig. 3.9). Pristina-
spina Schweitzer & Feldmann, 2000, 
was recovered from siliciclastics of Late 
Cretaceous age in northern North America, 
which is quite different from modern  
habitats for most chirostyloids and kiwaids, 
in particular (Roterman & others, 2018). 
The inflated branchial regions of Pristina-
spina as compared with other chirostyloids 
were suggested as a possible preadaptation 

to low oxygen environments favored by 
modern Kiwaidae (Ahyong & Roterman, 
2014).

AEGLOIDEA  
AND LOMISOIDEA

The monotypic Aegloidea has an odd 
history. Two Cretaceous occurrences are 
known, both from marine deposits. The  
older is from the Early Cretaceous of Mexico, 
with a later occurrence from the Late Creta-
ceous (Maastrichtian) of New Zealand 
(Feldmann, 1984; Feldmann & others, 
1998). Extant forms exclusively inhabit 
freshwater locations in South America 
(Martin & Abele, 1988). The distinc-
tive carapace groove pattern in aeglids, 
present in the New Zealand fossil, leave  
little doubt that the fossils are related to 
extant forms (Fig. 3.5). The events leading 
to this disjunct dispersal in habitat and 
time are murky, but phylogenetic and bio- 
geographic evidence suggests that aeglids 
originated in marine habitats with subse-
quent invasion of South America from 
the South Pacific (Ortmann, 1902; Feld-
mann, 1986; Bond-Buckup & others, 
2008). Lomisidae have no fossil record 
and occur today in Australia (Poore & 
Ahyong, 2023). Lomisids appear to be 
specialized, carcinized forms related to 
chirostyloids. Interestingly, they often are 
recovered as sister to (Tsang & others, 
2011), or at least phylogenetically close to, 
Aeglidae (Ahyong, Schnabel, & Maas, 
2009; Bracken-Grissom & others, 2013; 
Tan & others, 2018). Lomisids and aeglids 
have superficially similar carapaces that 
broaden posteriorly, and their spermatozoal 
architecture is more similar to one another 
than to any other anomuran (Wolf & 
others, 2023). The forms appear to be closely 
related phylogenetically and, based on their 
geographic occurrences, may now be relicts 
in two different parts of the Southern Hemi-
sphere, possibly as a result of the breakup of 
Pangea (Wolf & others, 2023).
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RETRORSICHELIDAE
The extinct Retrorsichelidae currently 

is unplaced at the superfamily level. This 
Late Cretaceous family is monotypic and 
has an unusual morphology. The carapace 
is smooth and ovate, widening posteriorly, 
and the chelae appear to be held under the 
body against the mouthparts (Fig. 3.8). 
Feldmann, Tshudy, and Thomson (1993) 
suggested a burrowing habit for Retrorsi-
chela Feldmann, Tshudy, and Thomson, 
1993, similar to that of hippoids. Luque 
and others (2019) proposed an affinity with 
the brachyuran Callichimaeridae, but the 
vastly different carapace and chela shapes of 
Callichimaera Luque & others, 2019, and 
Retrorsichela suggest it is best retained in a 
monotypic anomuran family, for now. 

HERMIT CRABS
The terms “hermit crab,” “pagurid” and 

“paguroid” have been used for what are now 
recognized to be several distinct clades, most 
of which use gastropod shells for protection. 
They usually have a reduced, asymmetrical 
pleon, but some cases of symmetrical pleons 
occur. In addition, in rare cases, the paguroid 
does not carry any protection, and organisms 
other than gastropod shells can be used for 
protection, such as corals, sea anemones, and 
even found human-made objects (Poore 
& Ahyong, 2023; Jagiello, Dylewski, & 
Szulkin, 2024). In this volume, 15 families 
of hermit crab are recognized, of which three 
are extinct. In compilations of systematics 
and taxonomy, paguroids usually are treated 
together for convenience, even though the 
group likely is not monophyletic (Poore & 
Ahyong, 2023; Schweitzer, Feldmann, & 
Fraaije, 2023).

Most phylogenies for the hermit crab 
families have been conducted thus far 
only on the basis of genetic information 
(Fig. 1.2). One exception is Bracken-
Grissom and others (2013), in which both 
a molecular phylogeny and a molecular 
+ morphologic phylogeny were produced  
(Fig. 1.1). Most analyses have found that 

some paguroid families, such as Pylochelidae, 
are polyphyletic and that paguroids as a 
group are not monophyletic. One exception 
was the morphology + molecular phylogeny 
of Bracken-Grissom & others (2013) 
which found paguroids to be monophyletic, 
although in the same paper, a molecular-only 
analysis found polyphyletic Paguroidea.

Various analyses have found different 
relationships between and among paguroid 
families. Ahyong, Schnabel, and Maas 
(2009) found Lithodidae and Hapalogas-
tridae embedded within Paguridae, Pylo-
chelidae as polyphyletic, and Parapaguridae 
as sister to one clade of Pylochelidae. Tsang 
and others (2011) also found Pylochelidae 
as polyphyletic, and their analysis found 
Parapaguridae associated with Lomisidae, 
Aeglidae, and Chirostyloidea. Diogenidae 
and Coenobitidae were sister groups, and 
Lithodidae was embedded in Paguridae. 
Bracken-Grissom and others (2013) 
produced a molecular-only phylogeny with 
Pylochelidae as polyphyletic, one clade 
associated with Galatheoidea and another 
associated with Aeglidae + Lomisidae + 
Chirostyloidea. Diogenidae was paraphyletic 
and contained Coenobitidae, and Paguridae 
contained Lithodidae and Hapalogastridae. 
Their analysis combining morphology and 
molecular data found a monophyletic Pagu-
roidea (Bracken-Grissom & others, 2013).

The consensus of these studies indicates 
that Pylochelidae is not monophyletic, with 
one clade associated with Chirostyloidea + 
Lomisidae + Aeglidae, and one associated 
with Galatheoidea. Coenobitidae appears 
embedded within Diogenidae, at least as 
these families currently are construed. 
Lithodids are clearly derived pagurids. As 
yet, no phylogeny has included the three 
extinct paguroid families, nor have Pylo-
jaquesidae, Probeebeidae, or Xylopaguridae 
been examined. Compounding the problem 
of paraphyletic families, some genera like 
Pagurus Fabricius, 1775, are also paraphy-
letic (Schram & Koenemann, 2021). This 
suggests that a massive sampling effort of 
extant paguroids is necessary to resolve the 
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pleonal somite, from Mesozoic rocks of 
Europe (Fig. 4.5). Thus, it is very difficult 
to make comparisons between the fossils 
and extant forms. More work is needed to 
ensure that the composition of this family 
including both extant and extinct forms is 
monophyletic.

Extant pylochelids inhabit wood, rocks, 
sponges, bamboo, or scaphopod shells, 
usually at outer shelf or slope depths (Poore 
& Ahyong, 2023) in tropical to temperate 
latitudes (OBIS, 2023). Nearly all the extinct 
forms were recovered from reefal limestones.

Coenobitidae
Coenobitidae has a limited fossil record 

in Pliocene and younger occurrences in the 
tropics (Fig. 4.2). They are popularly called 
“land hermit crabs” or “coconut crabs” 
and “robber crabs,” and many videos of 
their antics, including climbing trees, can 
be found. There are only two genera, each 
exhibiting a terrestrial or semiterrestrial 
habitat (Poore & Ahyong, 2023). They 
carry a gastropod shell, at least as juveniles, 
and the left cheliped is larger than the right. 
Fossils of both extant genera have been 
reported from the Pliocene to Holocene in 
the same geographic area and habitat, which 
suggests that they recently are specialized to 
the terrestrial habitat.

Diogenidae and Calcinidae
Diogenidae includes left-handed hermit 

crabs, in which the left cheliped is larger 
than the right or in which they are isoche-
lous, and the pleon is coiled and reduced. As 
noted, the family is likely not monophyletic. 
We follow Poore & Ahyong (2023) in the 
generic composition of the family, with the 
exception of Calcinus Dana, 1851, which 
we recognize in a monotypic Calcinidae. 
The oldest fossils referred to Diogenidae 
are Late Jurassic, and the family has been 
diverse since the early Eocene. Diogenidae 
includes two especially speciose genera in 
the fossil record, Paguristes Dana, 1851, 
with 27 extinct and 122 extant species, and 

superfamily, family, and generic placements 
of taxa within this group.

Most fossil paguroids are referred to 
Diogenidae or Paguridae. Consequently, 
each has an extensive fossil record, mostly 
based on claws, but sometimes on the cara-
pace only. Fossil chelae, probably the most 
abundant hermit crab remains in the fossil 
record, are usually placed in Paguridae if 
the right chela is larger and Diogenidae if 
the left chela is larger. There are obvious 
shortcomings to this, but in the absence 
of other information, these are the most 
parsimonious placements for the material. 
More recently, some carapace-only fossils 
have been referred to these two families, but 
this has the disadvantage that family-level 
synapomorphies of carapace morphology 
have not been hypothesized, let alone  
diagnosed.

Only recently have extinct paguroid fami-
lies been recognized. The work of Fraaije 
and colleagues (summary in Fraaije & 
others, 2022), which recognized preserved 
paguroid carapaces and sixth pleonal somites 
in the fossil record, has revolutionized our 
understanding of hermit crab diversity and 
evolution.

Pylochelidae
Pylochelidae as currently construed 

appears to be polyphyletic, as discussed 
above, and appears in two different clades 
in several recent phylogenies. Extant genera 
referred to Pylochelidae have a straight, 
not coiled, pleon that usually is symmet-
rical and well-calcified (Poore & Ahyong, 
2023), with symmetrical chelae on the first 
pereiopods (Tudge, Asakura, & Ahyong, 
2012). Their straight, well-calcified pleon 
may be a synapomorphy, which allies them 
more closely to squat lobsters than other 
hermit crabs (Poore & Ahyong, 2023). 
Their recovery in two different clades, each 
associated with squat lobsters, supports this 
hypothesis in a general sense. All extinct 
genera referred to Pylochelidae are known 
from only the carapace or only the sixth 
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Dardanus Paul’son, 1875, with 23 extinct 
and 44 extant species. Extant diogenids are 
cosmopolitan, excluding polar areas, and 
with more occurrences in the Northern 
Hemisphere (OBIS, 2023). Only one fossil 
species of diogenid, referred to Paguristes, 
is known from the Southern Hemisphere, 
from Late Cretaceous rocks of Antarctica 
(Feldmann, Tshudy, & Thomson, 1993). 
Thus, the primarily Northern Hemisphere 
distribution seems to be ancient. 

Calcinidae originally was defined as 
embracing several genera (Fraaije, van 
Bakel, & Jagt, 2017). In this volume, we 
recognize it as monotypic, with Calcinus as 
the sole representative (Fig. 4.7). The other 
proposed rearrangements of genera from 
Diogenidae to Calcinidae remain to be tested 
phylogenetically (Poore & Ahyong, 2023).

Paguridae, Lithodidae,  
and Hapalogastridae

Paguridae has an extensive fossil record, 
mostly based on claws, sometimes the cara-
pace only, and with one species represented 
by both claws and a carapace. Paguridae 
embraces the oldest hermit crabs known, 
Early Jurassic in age, and has maintained 
moderate diversity since the Jurassic. Both 
Pagurus and Palaeopagurus Van Straelen, 
1925, include dozens of extinct species and 
may be “form” or “waste-basket” genera for 
right-handed fossil paguroids. Paguridae is 
cosmopolitan today but more abundant in 
northern temperate to polar regions (OBIS, 
2023) (Fig. 4.8, 4.9). Paguridae includes 
only one fossil occurrence in the Southern 
Hemisphere, from the Miocene of New 
Zealand (Hyden & Forest, 1980). Clearly, 
the paguroid fossil record is strongly skewed 
toward the Northern Hemisphere, particu-
larly to Europe.

Lithodidae have a fossil record extending 
into the Miocene, and they are strongly 
carcinized (Fig. 4.1). Commonly called 
king crabs, they are a cosmopolitan family, 
mostly inhabiting deep water, and are espe-
cially common in temperate to polar regions 

(Ahyong, Macpherson, & Chan, 2010). 
Many species are economically important 
fisheries (Ahyong, Macpherson, & Chan, 
2010). Lithodids carry their pleon against 
the sternum and do not inhabit shells. They 
are readily identified by their carcinized 
body; four pairs of pereiopods, usually the 
right cheliped larger than the left; and an 
asymmetrical pleon in females. The two 
fossil records are of extant genera, Paralomis 
White, 1856, and Paralithodes Brandt, 
1848, and recovered from Miocene rocks 
within their modern biogeographic zones 
in New Zealand and Japan, respectively 
(Feldmann, 1998; Karasawa & others, 
2017). Therefore, as far as is known, litho-
dids have been conservative in terms of 
morphology and distribution since the 
Miocene. Hapalogastridae has a minimal 
fossil record, with the extant Hapalogaster 
Brandt, 1850,  collected from lower Pleisto-
cene rocks of Japan (Kato & others, 2017).

The nesting of Lithodidae within Pagur-
idae in all recent phylogenies strongly 
supports the “hermit to king” hypothesis, 
in which the free-living lithodid crabs were 
derived from a paguroid ancestor, second-
arily losing the carrying habit (summarized 
by Bracken-Grissom & others, 2013; 
Poore & Ahyong, 2023). In fact, some 
recent works eliminate Lithodoidea and 
place Lithodidae within Paguroidea (Poore 
& Ahyong, 2023), whereas others retain 
Lithodoidea (DecaNet, 2024). In addition 
to secondary loss of the carrying of a shell, 
lithodids represent a distinctly carcinized 
lineage in Anomura.  

Parapaguridae, Pylojacquesidae, 
and Xylopaguridae

Parapaguridae is recovered as a distinct 
clade of hermit crabs in most analyses 
(Tsang & others, 2011; Bracken-Grissom 
& others, 2013). They are right-handed 
hermit crabs, with the right cheliped larger 
than the left, and have a small carapace. No 
fossils currently are referred to taxa within 
this family. Extant forms live in deep water 
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cnidarians for protection, with one form 
even using a clam shell (Poore & Ahyong, 
2023). In modern oceans, Parapaguridae is 
cosmopolitan (OBIS, 2023). Pylojacque-
sidae is unknown in the fossil record, has 

regions, from the continental shelf to more 
than 5000 m, mostly between 200 and 
3000 m (Tudge, Asakura, & Ahyong, 
2012; Poore & Ahyong, 2023). They use 
gastropod shells, sea anemones, or other 

Fig. 4. Representative paguroids. 1, Lithodidae; 2, Coenobitidae; 3, Xylopaguridae; 4, Gastrodoridae; 5, Pyloche-
lidae; 6, Probeebeidae; 7, Calcinidae; 8, Paguridae; 9, Paguridae. All figures from Schweitzer, Feldmann, and 
Fraaije (2023). Scale bars 1cm. 
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Anomura4. Representative paguroids. 1, Lithodidae, 2, Coenobitidae, 3, Xylopaguridae, 4,
Gastrodoridae, 5, Pylochelidae, 6, Probeebeidae, 7, Calcinidae, 8, Paguridae, 9, Paguridae.
All from TO 173. Scale bars = 1cm.
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Anomura5. Generic Diversity through the Pleistocene. 1, hermit crabs, with peaks in Tithonian
and Priabonian. 2, non-hermit anomurans, with same peaks plus Ypresian.

Fig. 5. Generic diversity through the Pleistocene. 1, hermit crabs, with peaks in Tithonian and Priabonian.  
2, non-hermit anomurans, with same peaks plus Ypresian.
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a distinct sternal morphology, and inhabits 
outer shelf and slope habitats (Poore & 
Ahyong, 2023). Only two extant genera 
are referred to the family, and both are 
reported to inhabit tubes of serpulid worms 
(McLaughlin & Lemaitre, 2001).

Xylopaguridae is represented from two 
fossil taxa, only represented by a right 
chela and a sixth pleonal somite, respec-
tively, from Europe (Gašparič & others, 
2016; Schweitzer, Feldmann, & Fraaije, 
2023) (Fig. 4.3). Extant forms inhabit the 
Americas and the eastern Pacific in wood 
or bamboo, ranging from the intertidal to 
the continental slope (Poore & Ahyong, 
2023). They are characterized by a long 
pleon, a well-calcified carapace, and a sixth 
pleonal somite forming an operculum over 
the opening of the object it carries (Poore 
& Ahyong, 2023).

Probeebeidae
This unusual family had been synon-

ymized with Parapaguridae (de Saint 
Laurent, 1972), but recovery of a fossil very 
similar to the type genus, Probeebei Boone, 
1926, led to its resurrection (Fraaije & 
others, 2024). Probeebeids are unusual in 
having a strongly calcified carapace with 
posteriorly strong carapace ornamenta-
tion and grooves and a well-calcified pleon  
(Fig. 4.6). Extant members are known from 
the eastern Pacific off the coast of northern 
South and Central America, in deep water 
between 3000 and 4800 m (OBIS, 2023). 
They are abundant in some abyssal areas 
and often carry sea anemones (Cuvelier & 
others, 2023). The sole fossil representative 
was collected from siliciclastic sediments 
deposited in shallow conditions, from the 
Early Cretaceous (Albian) of Central Russia 
(Fraaije & others, 2024).

Annuntidiogenidae, 
Pilgrimchelidae, and Schobertellidae

Annuntidiogenidae currently is recog-
nized from Late Jurassic to Paleocene rocks 
in Europe, mostly reef limestones (Yost, 

Feldmann, & Schweitzer, 2023). They are 
known only from the dorsal carapace, which 
is characterized by well-developed grooves 
and regions. Pilgrimchelidae and Schober-
tellidae are small extinct families reported 
from the Mesozoic of Europe (Schweigert 
& others, 2013; Fraaije, 2014). Pilgrim-
chelidae is characterized by a well-calcified 
carapace with a distinct rostrum. Chelae of 
Pilgrimchelidae are unknown, and its occur-
rences range from Late Jurassic (Oxfordian) 
to Early Cretaceous (Albian) of Central 
Europe. Schobertellidae is represented by 
both carapaces and claws, with carapaces 
that are well-ornamented and well-calcified 
posterior to the cervical groove. Schobertel-
lids range nearly throughout the Jurassic 
in clays and reef limestones. Schobertellids 
yield insight into teratologies, with a claw 
deformation recorded from the Early Jurassic 
that is seen in extant decapods (Schweigert 
& others, 2013; Feldmann & Schweitzer, 
2024).

Evolution in hermit crabs
Recognition of extinct paguroid taxa and 

their generic and family placement is made 
problematic by several factors. Conver-
gent evolution is common and recurring 
in Anomura, which is demonstrated by the 
recurrence of the squat lobster form in at 
least three superfamilies (Chirostyloidea, 
Eocarcinoidea, Galatheoidea) and carciniza-
tion in another three (Galatheoidea, Litho-
doidea, Lomisoidea) (Bracken-Grissom 
& others, 2013). Phylogenetic analysis 
indicates that at least one extant pagu-
roid family is polyphyletic (Pylochelidae) 
(Tsang & others, 2011). The asymmetrical 
pleon in hermit crabs appears to have arisen 
twice (Tsang & others, 2011; Bracken-
Grissom & others, 2013, molecular-only 
analysis). The carrying habit in hermit crabs 
occurs in at least three different lineages 
that are distinct phylogenetically (Tsang & 
others, 2011; Bracken-Grissom & others, 
2013, molecular-only analysis). Thus, claw 
shape, carapace shape, and shape of other 
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preserved remains in the fossil record, such 
as sixth pleonal somites, also might exhibit 
convergent or parallel evolution. No analysis 
based on a large dataset of morphological 
characters has yet been conducted on fossil 
and extant hermit crabs; thus, there are 
no hypotheses on phylogeny, convergence 
and homoplasy, or character polarization 
in chelae, carapace, or pleonal features for 
this group.

Fraaije and others (2022) suggested 
several trends in paguroid evolution. Because 
no phylogenetic analysis for the group 
including extinct members yet exists, it is not 
possible at this time to test these hypotheses. 
Many of their proposed patterns of evolu-
tion among hermit crabs are contingent on 
Gastrodoroidea being a hermit crab lineage, 
but its systematic position lacks consensus. 
An example is reduction in rostrum length as 
an evolutionary trend among hermit crabs; 
however, this is contingent on gastrodoroids 
belonging to the group (Fraaije & others, 
2022). Platykottidae was proposed to be 
the earliest hermit crab form, based on its 
possession of rimmed orbits (Fraaije & 
others, 2022). The original placement of 
Platykottidae was within Anomura, unre-
lated to hermit crabs, which is a position 
that was later supported because of its elon-
gate carapace, squat lobster body form, 
and broad, triangular sternum (Chablais, 
Feldmann, & Schweitzer, 2011; Wolfe, 
Luque, & Bracken-Grissom, 2021). 
“Branchial condensation” (Fraaije & others, 
2022) was hypothesized to have arisen from 
the fusion of the branchial and cervical 
grooves in hermit crabs. Fusion of grooves 
currently is not known among decapods; 
loss of grooves in decapods, or at least reduc-
tion in their expression, is well documented 
across both lobsters and crabs (Glaessner, 
1960, 1969). Changes in carapace orna-
mentation over time, such as the presence 
of ridges or granules, the expression of the 
mesogastric region, and calcification of 
the carapace, potentially are homoplasic 
and require phylogenetic testing. Isochely 
was considered as a basal character among 

hermit crabs (Fraaije & others, 2022), but 
it may be polyphyletic, as in the Pylochelidae 
discussed above. A phylogeny demonstrating 
basal groups versus derived groups among 
paguroids would facilitate testing these 
hypotheses.

Hermit crabs as carriers of shells or 
other protective animals or objects

Hermit crabs that are preserved in or near 
a shell appear rarely in the fossil record. The 
Hauterivian Palaeopagurus vandenengeli 
Fraaije, 2003, was preserved in an ammo-
nite. Hermit crab claws closely associated 
with gastropod shells were recovered from 
Campanian and Santonian-Campanian 
rocks of Antarctica, respectively (Aguirre-
Urreta & Olivero, 1992; Feldmann, 
Tshudy, & Thomson, 1993). A Late 
Cretaceous (Maastrichtian) hermit crab 
preserved in a gastropod has been reported 
from Belgium (Jagt & others, 2006). Thus, 
Paguroidea appears to have inhabited coiled 
shells since at least the Early Cretaceous 
(Hauterivian) (Fraaije, 2003).

Various paguroids have been reported in, 
or closely associated with, gastropod shells 
throughout the Cenozoic. Paguroids have 
been reported in situ in a gastropod shell 
from Eocene (Ypresian–Lutetian) rocks of 
Denmark (Collins & Jakobsen, 2003), 
Russia (Lutetian) (Jagt & others, 2006), and 
Italy (Ypresian) (Garassino, De Angeli, 
& Pasini, 2009). Oligocene occurrences 
of Paguridae s. l. in a gastropod shell are 
reported from Japan (Karasawa, 2002) and 
Washington, USA (Pasini & others, 2020). 
Miocene occurrences in shells are more 
common. Two Miocene species were recov-
ered in gastropod shells in Maryland (USA), 
one a diogenid and one a pagurid (Wallaard 
& others, 2023). Early (Burdigalian) and late 
Miocene (Tortonian-Messinian) pagurids 
in shells were collected in New Zealand 
(Hyden & Forest, 1980; Feldmann & 
Keyes, 1992). An early Miocene pagurid 
in a gastropod shell has been reported from 
Taiwan (Hu & Tao, 1996) and a middle 
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Miocene specimen from The Netherlands 
(Jagt & others, 2006). Pleistocene occur-
rences of Diogenidae within gastropod 
shells were discovered in Costa Rica (Todd 
& Collins, 2005). Thus, the association 
of Paguridae and Diogenidae with coiled 
shells seems to have been established in the 
Cretaceous and has been documented across 
the Cenozoic.

Some occurrences of paguroids may indi-
cate sheltering in, but not carrying of, the 
shell. An Early Jurassic ammonite has been 
reported with hermit crab chelae preserved 
inside, but it is not clear whether the hermit 
crab was carrying the shell or taking shelter 
within it (Jagt & others, 2006). Similarly, 
a Late Jurassic hermit crab was described 
as recovered from the body chamber of an 
ammonoid (van Bakel & others, 2008). 
A Late Jurassic (Kimmeridgian-Tithonian) 
specimen interpreted to be a symmetrical 
hermit crab is preserved fully within an 
ammonite shell, but not in a position to 
carry it (Mironenko, 2020). Symmetrical 
hermit crabs today inhabit non-molluscan 
objects like wood, bamboo, and stone. 
Epibionts associated with gastropod shells 
and hermit crabs have been discussed else-
where (Feldmann & Schweitzer, 2024).
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de l’Académie Impériale des Sciences de Saint-
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