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apertural neck. This species may leave the burrow due 
to noxious chemical stimuli (Schäfer 1972) or at night 
for foraging (Frey et al. 1978). Wienberg Rasmussen 
(1971) explained that when the Callianassa animal is 
near death or sick, it leaves the burrow because it cannot 
maintain the water current (for breathing purposes, see 
Schäfer 1972: p. 314).

	 Assuming that Schäfer’s (1972) observations apply 
to ancient ghost shrimps as well, callianassid remains 
preserved in burrows should primarily be moulted ma-
jor claws. Furthermore, it should be rare to find well-
preserved shrimp bodies within, unless a sudden event 
(storm, anoxia) caused the animal to die in its burrow. In 
general, carcasses would typically be found only outside 

Fig. 7. Ghost shrimp body fossils preserved in burrows. A: Grynaminna grandis (Karasawa et al., 2006) from the Pleistocene of Japan in 
a hollow burrow (cross-sectional view) (MFM 142500). B: Eucalliax pseudorakosensis (Lőrenthey in Lőrenthey & Beurlen, 1929) from 
the middle Miocene of Slovakia, three individuals (moults?) in a single burrow (SNM-Z 21373). C – E: Mesostylus faujasi (Desmarest, 
1822), from the Late Cretaceous (Campanian) of Germany. Three individuals (numbered) in a single burrow (C) (RE A 6075). Single 
individual (moult?) at the end of a burrow tunnel (D, E) (RE A 5009/03). F: Mesostylus faujasi from the Late Cretaceous of the Czech 
Republic, major chela (circled) in a burrow (NM-O7576). G: “Callianassa” almerai Müller, 1993 from the middle Miocene of Austria 
(GW RET93-021). H – K: Ctenocheles sp. from the middle Eocene of Italy (see also Beschin et al. 1998: fig. 6.1) in a large burrow (MCZ 
1484) in three different views (I – K) and a closeup of the specimen (H). Specimens in A and B were coated with ammonium chloride prior 
to photography. A is from Hyžný & Karasawa (2012). Scale bars equal 10.0 mm.
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burrows, implying a limited preservation potential. How-
ever, various fossil ghost shrimps preserved in situ or in 
direct association with burrows are known (Table 1, Figs. 
6 – 7). Interestingly, individuals of presumable represent-
atives of Rathbunassa aquilae (Rathbun, 1935) from the 
Late Cretaceous (Turonian, ~ 90 Ma) of Texas (Shinn 
1968: pl. 11, fig. 3), Mesostylus faujasi Desmarest, 1822 
from the Late Cretaceous (Campanian, ~ 80 Ma) of Ger-
many (Mourik et al. 2005: pl. 2), and “Callianassa” alm-
erai Müller, 1993 from the middle Miocene (~ 15 Ma) 
of Austria (Hyžný 2011: figs. 2 – 3), are preserved lying 
on their side and retaining both chelae and / or pleon with-
in the burrows. Hyžný (2011: p. 43) hypothesized that 
supposedly dead animals or moults sank down with the 
heaviest exoskeleton part (major chela) to the bottom of 
the burrow tunnel. A crucial question is in which part of 
the burrow ghost shrimps moult and in which orientation 
they do so. If they moult in the deepest part of the burrow 
(for example to avoid any disturbance) then not much 
transport is possible. Alternatively, the animal itself may 
move the moult to the deepest part of the burrow to avoid 
potential inaccessibility of part of the burrow (see also 
below). The water current within the burrow may not be 
strong enough to transport the relatively heavy claw.
	 The preservation of several individuals preserved in 
situ within the same burrow as reported for Mesostylus 
faujasi (Mourik et al. 2005; Fig. 7C – E), “Callianassa” 
almerai (Hyžný 2011), and Eucalliax pseudorakosensis 
(Lőrenthey in Lőrenthey & Beurlen, 1929) (Hyžný 
2011; Hyžný & Hudáčková 2012; Fig. 7B) is difficult to 
explain. Mourik et al. (2005) hypothesized that the dead 
individuals were carried away and stored in dead-end 
tunnels by living ones. Bishop & Williams (2005) men-
tioned such systematic removal of exoskeletal fragments 
(moults or corpses) into disposal chambers that subse-
quently may be closed off. This behaviour, however, has 
never been directly observed in extant species, although 
this may be due to the limited number of studies on be-
havioural aspects of ghost shrimps in general. We can 
only note that the preservation of successive moults of 
the same individual seems unlikely, because the moults /
corpses reported by Mourik et al. (2005), Hyžný (2011), 
and Hyžný & Hudáčková 2012 are of similar size. More-
over, specimens preserved within a single tunnel do not 
always have the major chela preserved on the same side 
of the body (Mourik et al. 2005: pl. 1D).
	 Ghost shrimps may vary markedly in exhibiting dif-
ferent behaviours dealing with stressful situations as well 
as indifferent ways of handling the moults. The possibil-
ity that at least some species live or lived gregariously 
should not be excluded based on observations of antago-
nistic behaviour under laboratory conditions (MacGin­
itie 1934; Felder & Lovett 1989; Rodrigues & Hödl 
1990; Shimoda et al. 2005).

4.2.3. 	Soft tissue preservation

Only rarely soft tissue is preserved in ghost or mud 
shrimps, requiring special taphonomic conditions includ-

ing rapid burial. Haug et al. (2013) reported on muscles 
in Upogebia aronae Haug, Nyborg & Vega, 2013 from 
the Eocene (~ 46 Ma) of California (USA). No example 
of similarly preserved callianassid or ctenochelid ghost 
shrimp has been reported yet.
	 Scars from muscle attachments are often preserved in 
fossil ghost shrimps. This reticulate pattern has been re-
ported or depicted for isolated callianassid propodi (e.g., 
Glaessner 1928; Karasawa 1997; Hyžný & Müller 
2010; Breton 2011; Klompmaker et al. 2012; Hyžný & 
Gašparič 2014), but it has barely been discussed in detail. 
The scars show direct places where muscle bands were 
attached during the animal’s life (Fig. 8A – B). During the 
fossilisation process, these scars can be expressed in dif-
ferent ways depending on the type of preservation. Usu-
ally, they are preserved on the specimens without the up-
per layers of cuticle preserved (Hyžný & Müller 2010) 
or without any cuticular surfaces (Fig. 8E – F). The scars 
can even attain positive relief, which can happen when 
an internal mould is preserved without any remains of 
cuticule (Hyžný & Gašparič 2014: fig. 8A – B; Fig. 8C), 
suggesting that the rock around the location where the 
muscles were present is more prone to erosion.

4.2.4. 	Taphonomy and preservation of the cuticle

Decapod cuticle in general tends to disintegrate within 
weeks to months in experimental settings (see above). 
Another major factor impacting the preservation of the 
cuticle is the type of substrate. As noted by Förster 
(1966), the uppermost layer of the decapod cuticle, the 
epicuticle, is often absent in carbonate rich deposits, 
whereas it is preserved in lithographic limestones and in 
clays. When preserved in concretions, the decapod fos-
sils usually break along the exo-endocuticle boundary 
(Waugh et al. 2009). All these aspects have to be taken 
into account when interpreting characters supposed to 
be present on the cuticular surfaces, such as tubercles or 
spines. These features often are eroded away and may 
hinder identification of the specimens if such charac-
ters are considered of taxonomic importance. Recently, 
Klompmaker et al. (2015b) discussed the effect of pres-
ervation of cuticle on the taxonomy of decapod crusta-
ceans. Ghost shrimps preserved in fine siliciclastics may 
exhibit preservation of the cuticle (Fig. 8D,G – I).
	 The types of cuticle preservation in ghost shrimps can 
be divided in three main types:
	 (1) 	No cuticle – cheliped elements are preserved as 
internal moulds, often three-dimensionally. The speci-
mens are smooth and shiny and muscle scars may be vis-
ible as coloured patches (Fig. 8E – F).
	 (2) 	Altered cuticle – no or few structural details of 
the cuticle are observable due to obvious recrystalliza-
tion or, rarely, replacement. Some cuticle layers may be 
absent as well. This preservation is typical in carbonates 
(Hyžný 2012: fig. 5).
	 (3) 	Cuticle preserved completely – the specimens 
have the complete cuticle including all layers preserved, 
seemingly unaltered. They can be flattened if preserved 
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in lithographic limestones (Garassino 2001: fig. 5), 
marls (Fig. 8G), or clays (Fig. 8H – I). In clays, however, 
the elements can be preserved also three-dimensionally 
(Hyžný & Gašparič 2014: fig. 8D – H).

4.3. 	 Major vs. minor chelae

A strong preservational bias is observed in the cheli-
peds of heterochelous ghost shrimps. Schäfer (1972: p. 
314) noted that “mainly the large palmae of the claws” 
of Callianassa were found as fossils. Major chelae con-
stitute one of the most common fossil decapod remains; 
on the other hand, minor chelae are rare (Klompmaker 
et al. 2015a, for Glypturus). Because of their less cal-
cified and / or thinner cuticle and their relatively small 
size, they preserve less commonly than major chelipeds 
do. Moreover, a collecting bias may also exists because 
they are usually much smaller, and, therefore, are easily 
overlooked. Hyžný & Hudáčková (2012) reported nu-
merous disassociated chelipeds and isolated elements of 
Eucalliax pseudorakosensis and Neocallichirus brocchii 
from a single site. Major claws were extremely abundant 
and only a handful of minor chelae have been identified 
(Hyžný & Hudáčková 2012: tables 1 – 2). In the studied 
sample of E. pseudorakosensis, 57 majors and 7 (10.9%) 
minors were identified, whereas for N. brocchii, 46 ma-
jors and 6 (11.5%) minors were present. Conversely, Cal-
liaxina chalmasii (Brocchi, 1883) has subequal chelae, 
and, indeed, minors (originally described as Callianassa 
rakosensis Lőrenthey, 1897) were nearly as abundant 
as majors (Müller 1984; Hyžný 2012: table 2, fig. 4), 
constituting 38.7% of the sample. In this particular case, 
however, the calculation is somewhat biased because 
material from three localities with a different number of 
specimens was included.
	 In a study on Glypturus Stimpson, 1866, Klomp­
maker et al. (2015a) mentioned that fossil minors should 
be smaller than the majors (by definition), may have no 
tubercles, and may have a relatively long fixed finger 
compared to the major by analogy with modern Glyp-
turus acanthochirus Stimpson, 1866. Despite their large 
samples of fossil Glypturus, no unequivocal minors were 
found, possibly due to their small size making them more 
fragile, although the thickness of equal-sized majors and 
minors is not known. Their observation that minors are 
rare is in line with Schäfer (1972), who found that the 
heavy claw of Callianassa separates from the exuvia and 
is left in the burrow, increasing the preservation potential 
of majors.
	 Thus far, no study explored possible differences in 
the thickness of equal-sized majors and minors from 
the same taxon (P.C. Dworschak pers. comm., February 
2015). The assumption that the cuticle of minor chelae 
is thinner than that of the majors of equal size, as tenta-
tively suggested by Klompmaker et al. (2015a), requires 
further testing.Ta

bl
e 

1 
co

nt
in

ue
d.

Ta
xo

n
Ag

e
Co

un
tr

y
Re

m
ar

ks
M

aj
or

 re
fe

re
nc

e

Ct
en

oc
he

lid
ae

Ct
en

oc
he

le
s 

in
ae

qu
id

en
s

La
te

 C
re

ta
ce

ou
s 

(M
aa

st
ric

ht
ia

n,
 ~

 70
 M

a)
Th

e 
N

et
he

rla
nd

s
as

so
ci

at
ed

 w
ith

 b
ur

ro
w

s
Pe

ls
en

ee
r 

(1
88

6)

Ct
en

oc
he

le
s 

m
ad

ag
as

ca
rie

ns
is

La
te

 C
re

ta
ce

ou
s 

(?
M

aa
st

ric
ht

ia
n,

 ~
 70

 M
a)

M
ad

ag
as

ca
r

in
 a

 b
ur

ro
w

pe
rs

. o
bs

. (
M

H,
 N

ov
. 2

01
4)

Ct
en

oc
he

le
s 

ba
ke

ri
m

id
dl

e 
Pa

le
oc

en
e 

(S
el

an
di

an
, ~

 60
 M

a)
Au

st
ra

lia
as

so
ci

at
ed

 w
ith

 b
ur

ro
w

s
Gl

ae
ss

ne
r 

(1
94

7)

Ct
en

oc
he

le
s 

sp
.

m
id

dl
e 

Eo
ce

ne
 (L

ut
et

ia
n,

 ~
 45

 M
a)

Ita
ly

in
 a

 b
ur

ro
w

he
re

in

Ct
en

oc
he

le
s 

sp
.

la
te

 E
oc

en
e 

(P
ria

bo
ni

an
, ~

 35
 M

a)
Ita

ly
as

so
ci

at
ed

 w
ith

 b
ur

ro
w

s
pe

rs
. c

om
m

. (
A.

 D
e 

An
ge

li,
 S

ep
t. 

20
11

)

Ct
en

oc
he

le
s 

fra
gi

lis
la

te
 O

lig
oc

en
e /

 ea
rly

 M
io

ce
ne

 (~
 23

 M
a)

Au
st

ra
lia

in
 b

ur
ro

w
s

Je
nk

in
s 

(1
97

2)

Ca
lli

an
op

sis
 m

ar
ia

na
e

ea
rly

 M
io

ce
ne

 (B
ur

di
ga

lia
n,

 ~
 17

 M
a)

Sl
ov

ak
ia

in
 a

 b
ur

ro
w

pe
rs

. o
bs

. (
M

H,
 N

ov
. 2

01
4)

Ca
lli

an
op

sis
 s

pp
.

m
id

dl
e 

M
io

ce
ne

 (L
an

gh
ia

n,
 ~

 15
 M

a)
Ja

pa
n

as
so

ci
at

ed
 w

ith
 b

ur
ro

w
s

Ka
to

 (1
99

6)



Hyžný & Klompmaker: Ghost shrimp systematics, phylogeny, and taphonomy

414

4.4. 	 Isopod induced swellings

A part of modern ghost shrimp specimens exhibit swell-
ings in the branchial region, usually attributed to parasitic 
bopyroid isopods (e.g., Markham 2001; An et al. 2009). 
Thus far, not a single fossil ghost shrimp with such a 
swelling in the branchial region is known (e.g., Wienberg 
Rasmussen et al. 2008; Klompmaker et al. 2014). Howev-
er, one fossil (Early Cretaceous, Albian, ~ 110 Ma) repre-
sentative of Axiidae showed such a swelling (Franţescu 
2014: fig. 2C). It is not surprising that such swellings, 
ichnotaxonomically named Kanthyloma crusta Klomp­
maker, Artal, Van Bakel, Fraaije & Jagt, 2014 (see 
also Klompmaker & Boxshall 2015), have not been 

found in fossil ghost shrimps because carapaces are only 
rarely preserved (see 4.2.1.). A swelling in a propodus 
of Glypturus panamacanalensis Klompmaker, Hyžný, 
Portell & Kowalewski, 2015a, has another origin most 
likely (Klompmaker et al. 2015a).

4.5. 	 Fecal pellets

Ghost shrimps produce rod-shaped striated feces, which 
are compact and greatly resistant to disintegration (Pry­
or 1975; Bromley 1990), but Bishop & Williams (2005) 
stated that, upon settling, fecal pellets slowly lose their 
coherent shape and become indistinguishable as pellets. 

Fig. 8. Preservation of the muscle scars and cuticle in fossil ghost shrimps. A,B: Right major chela of a modern specimen of Paragourretia 
phuketensis Sakai, 2002 (SMF 29522) in outer (A) and inner lateral view (B); transparent cuticle allows observation of the cheliped mus-
culature. C: Internal mould of the major chela of Calliax michelottii (A. Milne-Edwards, 1860) (UMJGPA 77874) from the early Miocene 
of Slovenia showing muscle scars preserved as positive relief. D: Major propodus of Ctenocheles fritschi Hyžný, Kočová Veselská & 
Dvořák, 2014 (RMM G-Pa 1031) from the Late Cretaceous (Coniacian) of the Czech Republic showing muscle scars as stains preserved 
on the cuticular surface. E,F: Right propodus of Callianassa hulli Rathbun, 1935 (holotype USNM MO371576) from the Paleocene of 
the USA (Arkansas) in two views showing muscle scars. G: Near-complete individual of C. fritschi with preserved cuticle on all parts 
including abdominal somites (PCZD). H,I: Major chela of Callianopsis marianae Hyžný & Schlögl, 2011 (SNM-Z 24826) from the early 
Miocene of Slovakia exhibiting preservation of the cuticle on the occlusal surface of the fixed finger. It also shows a reticulate pattern of 
propodal muscle scars. J: Right major propodus of C. michelottii (GBA 2009/014/0027) from the middle Miocene of Slovenia with pre-
served muscle scars. Note that the muscle scars can be seen on the internal mould, but not on the cuticle. Specimens in C and J were coated 
with ammonium chloride prior the photography. Scale bars equal 5.0 mm.
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Nevertheless, decapod pellets have been preserved in the 
sedimentological record (e.g., Shinn 1968; Brönnimann 
1972; Pryor 1975; Kuss & Senowbari-Daryan 1992; 
Schweigert et al. 1997; Mehling 2004; Senowbari-Dar­
yan et al. 2009), but ascribing them to taxa of lower taxo-
nomic ranks is difficult because no detailed comparative 
studies on fecal pellets of extant axiidean and gebiidean 
taxa have been performed, to our knowledge. Kuss & 
Senowbari-Daryan (1992) reported on fecal pellets as-
sociated with Thalassinoides burrows from the Upper 
Cretaceous (Cenomanian and Turonian, ~ 100 – 90 Ma) 
limestones of Egypt and Jordan, but no body fossils were 
found. Mehling (2004) reported on fecal pellets from the 
Late Cretaceous (Campanian, ~ 80 Ma) of Monmouth 
County, New Jersey, USA, interpreted as products of 
callianassids based on the fact that numerous remains of 
Mesostylus mortoni (Pilsbry, 1901) were known previ-
ously from the same formation (Rathbun 1935), although 
not directly associated with fecal pellets. Later, this inter-
pretation has been confirmed, as Feldmann et al. (2013) 
reported and figured the only occurrence of the ghost 
shrimp fecal pellets preserved together with a supposed 
producer Mesostylus mortoni from the Late Cretaceous 
(Campanian, ~ 80 Ma) of Delaware, USA.
	 Although Pryor (1975: p. 1246) claimed that the mor-
phology of decapod fecal pellets are probably species-
specific, Schweigert et al. (1997: p. 67) concluded that 
microcoprolites alone “only allow distinguishing differ-
ent families of producing crustaceans, but a separation on 
the biospecies-level seems rather impossible”. Identifica-
tion on the family-level, however, would be sufficient to 
identify ghost shrimp fecal pellets in the fossil record. 
More comparative studies on this topic are needed to 
demonstrate whether differences in pellet morphology 
and structure can be used for genus-level identifications 
in ghost shrimps.

5. 	 Taxonomy of the fossil ghost 	
	 shrimps based on chelipeds

Since Callianassa sensu Manning & Felder (1991) 
or Ngoc-Ho (2003) is currently diagnosed on the ba-
sis weakly sclerotised parts, most of the fossil species 
of “Callianassa” do not fit the diagnosis. Rather, fos-
sil “Callianassa” represents a heterogeneous mixture 
of several independent genera. Thus, a major issue in 
deciphering the fossil record of ghost shrimp is the as-
cription of fossil specimens to extant genera. If the ma-
terial is complete enough, i.e., exceptionally preserved 
including some weak-part morphology, direct compari-
son with extant taxa is possible. However, as mentioned 
above (chapter 4.2.) palaeontology is often necessarily 
focused on isolated cheliped remains. Identification of 
proxy characters of taxonomic importance of these ele-
ments is crucial to assign the fossil material to higher 
taxa.

5.1. 	 Taxonomically important characters 
	 in neontological studies

Several views exist regarding the evaluation of taxonom-
ically important characters (see Biffar 1971; Manning 
& Felder 1991; Poore 1994, 2008; Sakai 1999, 2005, 
2011). The major revisions by Sakai (1999, 2005, 2011) 
remain questionable at the subfamily- and genus-levels 
(cf. Dworschak 2007; Poore 2008; Dworschak et al. 
2012).
	 The chelipeds of Callianassidae and many Ctenochel-
idae are subject to intraspecific variation as well as sexu-
al dimorphism (e.g., Manning & Felder 1986; Felder & 
Lovett 1989). This is the main reason as to why neonto-
logical studies do not consider them to be taxonomically 
significant. Instead, features of the carapace, maxillipeds, 
eyes, pleopods, uropods, and telson are used to assign ex-
tant species to a genus. These characters are very rarely 
preserved in the fossil record. As a consequence, more 
recent literature dealing with fossil ghost shrimps usu-
ally emphasizes the contribution of Manning & Felder 
(1991), who opined that certain characters on the ischium 
and merus of the major cheliped (serration, presence /
absence of proximal hook) are taxonomically important 
for genus-level assignment (see also chapter 5.3.). The 
taxonomic importance of the chelipeds for systematics 
of extant callianassid genera was also emphasized by 
Ngoc-Ho (2003: table 1) when comparing genera within 
Eucalliacinae (specifically Calliax, Calliaxina, and Pa
raglypturus Türkay & Sakai 1995). In addition to weak-
part morphology, she also considered the degree of het-
erochely (unequal vs. subequal chelae), morphological 
similarity of chelae (similar vs. dissimilar), and whether 
the chelipeds were laterally compressed (Calliax, Cal-
liaxina) or massive (Paraglypturus).
	 Both studies (Manning & Felder 1991; Ngoc-Ho 
2003) discussed characters present on chelipeds in addi-
tion to other characters from weak-part morphology. Care-
ful examination of chelipeds in all congeneric species is 
needed to identify taxonomically important characters at 
the genus-level, as was done for Glypturus. For instance, 
the presence of spines on the upper margin of the pro-
podus is diagnostic for all representatives of Glypturus 
(Manning 1987; Hyžný & Müller 2012; Klompmaker et 
al. 2015a). This does not imply that spination is generi-
cally important for all ghost shrimp taxa. For example, 
all Glypturus species possess major carpi with spines on 
their lower margin, but the same character is also present 
in Corallianassa intesi (de Saint Laurent & Le Loeuff, 
1979) (de Saint Laurent & Le Loeuff 1979: fig. 21a,c), 
whereas other Corallianassa species do not have a spinu-
lose carpus. 

5.2. 	 Variation in chelipeds within species

Heterochely, intraspecific variation, ontogenetic changes 
and sexual dimorphism are all factors that have to be tak-
en into account when working with fossil ghost shrimps. 
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As pointed out by Bishop & Williams (2005: p. 233), “it 
will be necessary to document the range of these varia-
tions in many extant ghost shrimp taxa if the fossil record 
of these structures is ever to be understood”. To docu-
ment variations in fossil taxa statistically, many speci-
mens need to be evaluated.

5.2.1.	 Heterochely

Heterochely is a condition in decapods where the two 
claws of an individual differ in size, shape, and often 
function, which usually occurs in both sexes of a species 
(Hartnoll 2012). In many decapod taxa heterochely be-
comes more evident in larger specimens, and is generally 
more obvious in males (Przibram 1905; Schäfer 1954; 
Hartnoll 2012).
	 Ghost shrimps are usually strongly heterochelous 
(conspicuous asymmetry sensu Babcock 2005) as only a 
few taxa (Calliaxina and Eucalliax Manning & Felder, 
1991) exhibit subequally-sized chelipeds (subtle asym-
metry sensu Babcock 2005). The extent of handedness in 
heterochelous decapod species varies from rigid handed-
ness (left vs. right with the preference for one; directional 
asymmetry sensu Babcock 2005) to a lack of preference 
(random asymmetry sensu Babcock 2005). The only ma-
jor decapod group in which rigid handedness is univer-
sal are the hermit crabs (Hartnoll 1982, 2012), whereas 
there is a complete lack of preference in ghost shrimps 
(Labadie & Palmer 1996; Felder & Lovett 1989; Nates 
& Felder 1999). In the fossil record, a lack of prefer-
ence can be observed using large samples, in which the 
same propodus morphotype usually occurs as right and 
left-handed (dextral and sinistral forms) in about equal 
numbers. For example, for the middle Miocene (~ 13 Ma) 
Calliaxina chalmasii 8 right vs. 11 left major chelae were 
reported (Hyžný 2012), for the middle Miocene (~ 12 Ma) 
Neocallichirus brocchii 23 right vs. 24 left major chelae 
were reported (Hyžný & Hudáčková 2012), for the mid-
dle Miocene (~ 12 Ma) Eucalliax pseudorakosensis 27 
right vs. 28 left major chelae were reported (Hyžný & 
Hudáčková 2012), for the late Miocene (~ 8 Ma) Glypt
urus sikesi 36 right vs. 34 left major chelae were reported 
(Klompmaker et al. 2015a), and for the Holo-Pleistocene 
(~ 2.5 – 0 Ma) G. panamacanalensis 193 right vs. 159 left 
major chelae were reported (Klompmaker et al. 2015a).
	 Minor chelipeds are often distinctly different from 
major ones other than size. This may lead to the recogni-
tion of two separate species in the fossil record, espe-
cially when dealing with isolated cheliped elements. For 
instance, Callianassa chalmasii (Fig. 9C) and Callianas-
sa rakosiensis (Fig. 9B), both from the middle Miocene 
(~ 13 Ma) of Austria and Hungary are now interpreted 
to represent major and minor chelae of a single species 
re-assigned to Calliaxina (Hyžný 2012). Similarly, Cal-
lianassa nuda Beurlen, 1939 (Fig. 9H) from the Oligo-
cene (~ 28 Ma) of Hungary was recently identified as the 
minor chela of Ctenocheles rupeliensis (Beurlen, 1939) 
(Fig. 9G), known from the same locality (Hyžný & Dulai 
2014). The latter example is particularly interesting be-

cause C. rupeliensis was originally described as the lob-
ster Thaumastocheles Wood-Mason, 1874. Thus, major 
and minor chelae of a single animal were originally mis-
interpreted to represent not only two distinct taxa within 
a single monophyletic group, but as representatives of 
two different unrelated groups, i.e., ghost shrimps and 
nephropid lobsters.
	 Minor chelipeds usually do not bear the pronounced 
features as observed in major chelipeds. Consequently, 
there are plenty of species whose minor chelipeds are 
very similar within a single genus (e.g., for Callichi-
rus see Kensley 1974: fig. 2B; de Saint Laurent & 
Le Loeuff 1979: fig. 16f – g; Manning & Felder 1986: 
figs. 1d, 2d). In the fossil record, the attribution of mi-
nor chelae to certain species is difficult unless they co-
occur with major chelae in the same assemblage (Hyžný 
& Hudáčková 2012; Hyžný & Dulai 2014; Fig. 10) or 
based on morphological evidence from extant species. 
Collecting all material by hand picking or even better by 
bulk sampling of unlithified sediments from one locality 
or horizon is crucial. This may help to statistically at-
tribute morphologically distinct specimens to the same 
species. 

5.2.2. 	Sexual dimorphism

Males and females differ morphologically for most ghost 
shrimp species. There is only one exception known with
in Callianassidae: in all studied individuals of Callia
nassa aqabaensis Dworschak, 2003 with a carapace 
longer than 3 mm both male and female gonopores were 
reported (Dworschak 2003).
	 The knowledge on the reproductive morphology of 
fossorial shrimps is very poor or lacking completely 
(Dworschak et al. 2012: p. 155). Sexual dimorphism is 
mainly observed in the first and second pleopods. All fe-
males possess these appendages, but they are lacking in 
many male callianassids (Dworschak et al. 2012), i.e., 
males of some genera within Callianassinae do not have 
them at all (Sakai 2011: table 9).
	 The chelipeds are sexually dimorphic in some callia-
nassid species because the major cheliped becomes larger 
and more massive in mature males (Shimoda et al. 2005 
and references therein). Sexual dimorphism in decapods 
is usually a consequence of the widespread use of che-
lae by males in combat, display or courtship (Hartnoll 
1974, for crabs). Sexually dimorphic chelipeds, accom-
panied by allometric growth enhancing the differences 
between male and female chelae, have been convincingly 
demonstrated for several ghost shrimp taxa, including 
representatives of Callichirinae such as Callichirus (Bo­
telho de Souza et al. 1998) or Lepidophthalmus (Felder 
& Lovett 1989; Nates & Felder 1999), and representa-
tives of Callianassinae such as Neotrypaea Manning & 
Felder, 1991 (Labadie & Palmer 1996), Nihonotrypaea 
Manning & Tamaki, 1998 (Shimoda et al. 2005), Para-
trypaea Komai & Tachikawa, 2007 (Dworschak 2012), 
Pestarella Ngoc-Ho, 2003 (Dworschak 1998), and Try
paea Dana, 1852 (Hailstone & Stephenson 1961).
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	 Sexual dimorphs can express not only different 
growth rates of chelipeds but also different morpholo-
gies of the major chela. This has been demonstrated in 
representatives of the ctenochelid Callianopsis in which 
the major propodus differs distinctly between sexes 
(Schweitzer Hopkins & Feldmann 1997; Fig. 10I – J). 
Two distinct morphotypes of major chelae can also be 
recognized for Lepidophthalmus spp., which have been 

tentatively attributed to sexual dimorphism (Hyžný & 
Dulai 2014). Two morphs of majors, possibly sexual 
dimorphs, have also been identified for Neocallichirus 
brocchii and Eucalliax pseudorakosensis from the mid-
dle Miocene (~ 13 Ma) of Hungary and Slovakia (Hyžný 
& Hudáčková 2012). A special case is Callichirus; sexu-
ally mature males of Callichirus spp. usually possess 
greatly elongated elements of the major chela (Man­

Fig. 9. Heterochely in ghost shrimps. A: Holotype of Callianopsis marianae Hyžný & Schlögl, 2011 (SNM-Z 24.810) from the early 
Miocene of Slovakia showing both chelae. B: Minor propodus of Calliaxina chalmasii Brocchi, 1883 from the middle Miocene of Hun-
gary (holotype FI M.29 of Callianassa rakosiensis Lőrenthey, 1897). C: Major propodus of C. chalmasii from the middle Miocene of 
Hungary (HNHM PAL 2011.33). D: Major propodus and dactylus of Neocallichirus brocchii (Lőrenthey, 1897) (PCRB-DH008) from the 
middle Miocene of Slovakia. E: Minor propodus of N. brocchii (PCRB-DH013). F: Both chelae of Corallianassa acucurvata Swen et al., 
2001 from the Late Cretaceous (Maastrichtian) of the Netherlands (PCYC). G: Major propodus and dactylus of Ctenocheles rupeliensis 
(Beurlen, 1939) (HNHM M.66.961) from the Oligocene of Hungary. H: Minor chela of C. rupeliensis (HNHM M.59.4691), originally de-
scribed as Callianassa nuda Beurlen, 1939. I,J: Major and minor chela from a modern specimen of Calliax cf. C. lobata (NHMW 25511). 
K: Major chela of Eucalliax pseudorakosensis (Lőrenthey in Lőrenthey & Beurlen, 1929) (PCMH-005) from the middle Miocene of 
Slovakia. L: Minor chelae of E. pseudorakosensis (KGP-MH/DH070). Note that the couples in B – C, D – E, G – H, and K – L are not from 
the same individuals. All specimens except F, I, and J were coated with ammonium chloride prior to photography. Scale bars equal 5.0 mm.
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ning & Felder 1986; Fig. 10D). This characteristic can 
be identified also in the fossil record (Hyžný & Müller 
2010; Fig. 10E).
	 In the fossil record, differences in the sexual morphs 
can lead to the incorrect recognition of two separate taxa, 
as was the case of Callianopsis clallamensis (Withers, 
1924) from the Oligocene and Miocene (~ 25 – 20 Ma) of 
Washington state, USA. Its female morph was originally 
described as Callianassa twinensis Rathbun, 1926 (for 
details see Schweitzer Hopkins & Feldmann 1997 and 
East 2006).
	 For ghost shrimps, usually only a single animal oc-
cupies a burrow (Dworschak et al. 2012; but see Pryor 
1975: p. 1246) and under laboratory conditions, antago
nistic behavior has been reported. Documented examples 
include species of Neotrypaea (MacGinitie 1934), Ni-
honotrypaea (Tamaki et al. 1997; Shimoda et al. 2005), 
Callichirus (Rodrigues 1983), Sergio (Rodrigues & 
Hödl 1990), Lepidophthalmus (Felder & Lovett 1989), 
and Callianassa subterranea (Witbaard & Duineveld 
1989; Rowden & Jones 1994). This behaviour seems 
more frequently employed by males. Shimoda et al.  

(2005) documented attacks in several species of Nihono
trypaea, usually between males, in which major cheliped 
acts as a tool to grip the rival’s one. This is in agreement 
with the observation of Labadie & Palmer (1996), who 
analyzed the morphology of chelipeds of its close rela-
tive Neotrypaea and argued that the presence of propodal 
notch, distally hooked dactylus, and serration on fingers 
seem to be functional in gripping / grappling of the rival. 
They came to conclusion that sexual dimorphism in the 
nature of major chelae probably reflects the antagonis-
tic behaviour occurring more often among males than in 
females. In all the above mentioned genera, of which re
presentatives show antagonistic behaviour (Neotrypaea, 
Nihonotrypaea, Callichirus, Sergio, Lepidophthalmus, 
and Callianassa), the presence of notch is observed (Fig. 
10). There are ghost shrimps lacking a notch or any sex-
ual dimorphism in the morphology of chelipeds. A good 
example is Glypturus with males and females having the 
same cheliped morphology (Biffar 1971; Poore & Su­
chanek 1988). It may be speculated that representatives 
of this genus may not express antagonistic behaviour 
frequently.

Fig. 10. Sexual dimorphism in the chelipeds of ghost shrimps. A: Male of a modern specimen of Trypaea australiensis Dana, 1852 (NHMW 
24988). B,C: Males of Callianassa macrodactyla A. Milne-Edwards, 1860 from the middle Eocene of France (MNHN.F.B71835). D: Sex-
ually mature male of a modern specimen of Callichirus major Say, 1818 (NHMW 19354). E: Sexually mature male of Callichirus berta-
lani Hyžný & Müller, 2010 from the middle Miocene of Hungary (holotype HNHM M.2009.2334.1). F: Presumed female propodus and 
dactylus of Callianassa heberti A. Milne-Edwards, 1860 from the middle Eocene of France (NHMW 2011/0169/0009). G: Male propodus 
and dactylus of C. heberti from the middle Eocene of France (NHMW 2011/0169/0011). H: Female chela from a modern specimen of Cal-
lichirus seilacheri (Bott, 1955) (SMF 2184). I: Female chela of Callianopsis marianae Hyžný & Schlögl, 2011 from the early Miocene 
of Slovakia (SNM-Z 24815). J: Male chela of C. marianae (KGP-MH uncatalogued). Arrows show deep notch typical of sexually mature 
males. Specimen in J was coated with ammonium chloride prior to photography. B and C were photographed by Ch. Lemzaouda (MNHN). 
Scale bars equal 5.0 mm.
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5.2.3. 	 Intraspecific variation and polymorphism

Ghost shrimps can express definite intraspecific varia-
tion in the major cheliped morphology causing major dif-
ficulties for the taxonomic interpretation of the isolated 
elements in the fossil record. The morphology of merus 
and carpus are usually quite consistent within the genus, 
but the nature of the propodus and dactylus, especially 
the fixed fingers, can be variable. For instance, in ex-
tant Sergio mericeae Manning & Felder, 1995 the fixed 
finger can be armed with numerous teeth or completely 
unarmed (Manning & Felder 1995: fig. 1b,d,h). Another 
example is the fossil species Neocallichirus brocchii ex
hibiting a variable armature on the major dactylus (Hyžný 
& Hudáčková 2012: fig. 2F). The same can be postulated 

for Podocallichirus laepaensis Hyžný & Muñiz, 2012 
(Hyžný & Muñiz 2012: fig. 6, see also Fig. 11). Klomp­
maker et al. (2015a) reported intraspecific variation in 
Glypturus panamacanalensis and G. sikesi in the strength 
of the teeth on the dactylus and the tooth on the fixed 
finger.
	 Polymorphism in relative growth refers to differences 
in form not related to sex or maturity, whereby two or 
more morphs co-occur within the same growth phase 
(Hartnoll 2012). Definitive polymorphism appears to 
be a purely male phenomenon for crustaceans in general 
(Hartnoll 2012). For ghost shrimps, polymorphism is 
known to occur only in male populations of Callichirus 
species, e.g., Callichirus major (Botelho de Souza et 
al. 1998). Regarding the fossil record, it is questionable 

Fig. 11. Intraspecific variation in the major chelae of ghost shrimps. Examples include Podocallichirus laepaensis Hyžný & Muñiz, 2012 
from the late Miocene of Spain (A – M) and Callianassa heberti A. Milne-Edwards, 1860 from the middle Eocene of France (N – T). Note 
variation in the teeth formula of the dactylus and the curvature of the fixed finger in P. laepaensis. Note different propodus length / height 
ratio, variation in the development of propodal notch and the tooth on the fixed finger (arrows) in C. heberti. A: CBG/CD/029. B: CBG/
CD/076a. C: Paratype CBG/CD/010. D: CBG/CD/015. E: Paratype CBG/CD/037. F: CBG/CD/018. G: CBG/CD/076b. H: CBG/CD/025. 
I: Paratype CBG/CD/003. J: CBG/CD/071. K: Paratype CBG/CD/064. L: CBG/CD/066. M: CBG/CD/062. N: NHMW 2011/0169/0014. 
O: HMW 2011/0168/0006. P: NHMW 2011/0169/0015. Q: NHMW 2011/0168/0007. R: NHMW 2011/0169/0013. S: NHMW 2011/0169/ 
0010. T: NHMW 2011/0169/0012. Scale bars equal 5.0 mm.
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whether polymorphism can be detected and distinguished 
from intraspecific variation. Swen et al. (2001) reported 
polymorphism in Mesostylus faujasi from the Late Creta-
ceous (Maastrichtian, ~ 70 Ma) of the Netherlands. Their 
results, however, do not seem to be a case of definitive 
polymorphism as defined above. Within the studied sam-
ple, Swen et al. (2001) recognized three morphotypes in-
terpreted as mature females, mature males and immature 
males; however, within the same growth phase only one 
morphotype for each sex was determined.

5.2.4. 	Size

The size (total length from rostrum to telson) of adult 
ghost shrimp ranges from about 1.5 cm to ~ 16 cm 
(Dworschak 2015). It is, however, difficult to estimate 
their maximum size because they supposedly have in-
determinate growth (i.e., without terminal anecdysis). 
For decapods in general, the percentage of moult incre-
ment (i.e., the percentage of size increase at each moult) 
declines and the intermoult period increases with size, 
thereby limiting growth (Hartnoll 1983). Growth rate 
decrease has not been determined for any ghost shrimp 
known to the authors, in part due to difficulty with catch-
ing ghost shrimps (Garcia et al. 2003; Dworschak 
2015), especially the large-sized tropical species (Shinn 
1968; de Vaugelas 1985; Kneer et al. 2013; Dworschak 
2015). Assuming that large specimens have a greater fos-
silization potential, the fossil record can provide insight 
into this issue, i.e., maximum size.
	 Size on its own should never be considered of taxo-
nomic importance because size can be influenced by en-
vironmental conditions (ecophenotypic variation), but in 
some cases it may supplement other characteristic differ-
ences among taxa. For instance, representatives of extant 
Paratrypaea usually does not exceed a total length of 
2 cm (Dworschak 2012), and, thus, it may be speculated 
that its size would be similar for fossil species of this 
genus. On the other hand, representatives of Callichirinae 
can reach a total length of 10 – 16 cm (de Vaugelas 1985; 
Dworschak 2008, 2015), including the largest ghost 
shrimps known to date (Glypturus, Neocallichirus). As a 
result, one would not expect to identify typically small-
sized ghost shrimp genera with a total body length usually 
not exceeding 2 cm (e.g., Biffarius Manning & Felder, 
1991, Paratrypaea, Pseudobiffarius Heard & Manning, 
2000) in a sample of exclusively large-sized isolated pro
podi. Size may influence the composition of fossil as-
semblages as poorly calcified, small-sized callianassid 
genera have a lower fossilisation potential compared to 
larger-sized specimens. For instance, Thomassiniidae, con- 
sisting of small-sized taxa (total body length ~ 1 – 2 cm; 
Dworschak 2015: p. 5), is represented in the fossil re-
cord by only one known species, Crosniera schweitzerae 
Hyžný & Schlögl, 2011 from the early Miocene (~ 16 
Ma) of Slovakia. Not surprisingly, this occurrence is 
known from very fine clays and the largest propodus 
found is not longer than 3.5 mm (Hyžný & Schlögl 
2011: table 3).

	 Growth can influence the morphology of cheliped 
elements. Especially length / height ratios of the propo-
dus and merus are prone to change with growth. This 
has been reported for both extant (for Neocallichirus 
see Dworschak 2008) and fossil taxa (for Glypturus see 
Klompmaker et al. 2015a). Based on three Glypturus spp. 
assemblages from different stratigraphic levels (Recent, 
Holo-Pleistocene and late Miocene), Klompmaker et al. 
(2015a) observed that the propodal length / height ratios 
increased faster throughout growth in geologically older 
assemblages, suggesting possible heterochrony.

5.3. 	 Evaluation of characters present on 
	 chelipeds

Of a great importance is the selection of systematically 
important characters to be used for the identification of 
taxa in the fossil record. Ghost shrimp chelae offer nu-
merous characters for evaluation. Some of them can be 
subject to intraspecific variation. Therefore, a thorough 
study of extant material is needed prior to any assignment 
of fossil material to an extant genus. Distal elements (i.e., 
dactylus and propodus) are usually more variable than 
proximal ones (i.e., carpus, merus, and ischium).

5.3.1. 	Suprageneric-level

In cases when only the distal parts of the chelipeds (dac-
tylus, propodus, carpus) are available, ctenochelids and 
callianassids occasionally cannot be distinguished, with 
the exception of the genus Ctenocheles Kishinouye, 1926. 
As a result, numerous authors have used Callianassa as a 
collective name resulting in its waste-basket nature of the 
genus (i.e., mixture of several genera).
	 Without having diagnostic characters of the maxilli
peds and pleopods (e.g., Manning & Felder 1991) on which 
neontologists base their subfamily assignment, the assign-
ment of fossil species to a subfamily is virtually impos-
sible. For fossils, the subfamilial assignment is dependent 
on identifying fossil specimens as a representative of an 
extant genus. Consequently, several exclusively fossil cal-
lianassid genera have not been assigned to any subfam-
ily (see De Grave et al. 2009: p. 22). Re-diagnosing the 
subfamilies with the implementation of characters with 
higher fossilization potential may resolve this problem.
	 Beurlen (1930: p. 332) proposed Protocallianassa to 
be placed within its own monotypic subfamily Protocal
lianassinae based on well-developed pleurae on pleonal 
segments 2 – 6. Since species attributed once to Protocal-
lianassa are in a need of revision (Schweitzer & Feld­
mann 2012), the usage of Protocallianassinae has been 
abandoned for the time being (De Grave et al. 2009; 
Schweitzer et al. 2010).

5.3.2. 	Genus-level

Since the work of Manning & Felder (1991), who called 
attention to the taxonomic importance of the nature of the 
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chelipeds in generic assignments, there has been a strong 
tendency to classify fossil ghost shrimps within neonto-
logically diagnosed genera for Cenozoic ghost shrimp. In 
the case this is not possible, Collins et al. (1996) recom-
mended classifying fossil specimens within Callianassi-
dae (or Callianassa) s.l. without reference to a subfamily 
or genus. This is not a solution to the problem. Without a 
thorough comparison to extant counterparts, almost any 
fossil ghost shrimp would be classified as Callianassa 
s.l.. Unfortunately, there are several different neontologi-
cal concepts of the genus Callianassa (e.g., Manning & 
Felder 1991; Ngoc-Ho 2003; Sakai 1999, 2005, 2011), 
hampering progress with fossil representatives. The 
practice of using Callianassa s.l. for problematic ghost 
shrimp remains creates a difficult situation when distin-
guishing between Callianassa s.str. and Callianassa as a 
waste-basket taxon. For instance Müller (1984: p. 48) 
used ‘Callianassa’ as a collective taxon, whereas Kara­
sawa (2000b) and Hyžný et al. (2013b) used Callianassa 
(s.l.) to distinguish a waste-basket genus from the one 
diagnosed by Manning & Felder (1991) or Ngoc-Ho 
(2003).
	 When evaluating the characters on the major 
cheliped, much attention was paid to the morphology of 
the merus of the major cheliped, notably the nature of its 
lower margin and the presence or absence of the meral 
hook (Manning & Felder 1991). The discussion on this 
topic between Raymond Manning and Rodney Feldmann 
(for details see Schweitzer & Feldmann 2002: p. 940) re-
sulted in two critical points: for confident generic assign-
ment, the merus and carpus have to be preserved and the 
angle of the propodus / carpus joint is significant. It has 
been argued (Schweitzer & Feldmann 2002) that living 
forms typically exhibit the same type of articulation (at 
right angle along the axis of the articles). This assump-
tion has recently been doubted (Hyžný 2012; Hyžný et 
al. 2013b) and the presence of the propodus / carpus joint 
with an angle more than 100° in extinct Protocallianas-
sa has also been re-evaluated (Schweitzer & Feldmann 
2012). Instead, a unique suite of more than one character 
present on chelipeds is needed to diagnose ghost shrimp 
genera.
	 Although the work of Manning & Felder (1991) was 
a very important step forward for classifying fossil ghost 
shrimps, more progress is called for. Diagnoses present-
ed in their contribution appear insufficient for recogniz-
ing genera in the fossil record: whether or not the taxon 
exhibits a proximal meral hook has to be supplemented 
with other characters. For assignment to Callianopsis, 
the presence of a small proximal meral hook has been 
considered taxonomically important, but Hyžný & Dulai 
(2014; see also Gašparič & Hyžný 2015) demonstrated 
that a very similar meral hook can also be present in Le
pidophthalmus. They suggested the usage of an addi-
tional character, the distal meral lobe, to be present for 
generic assignment to Lepidophthalmus. Additionally, 
the shape of the meral hook can be subjected to changes 
during growth (e.g., Dworschak 2012: fig. 6); therefore 
the developmental stage should be taken into account.

	 For some genera, the morphology of the major pro-
podus can also be of taxonomic importance: Calliaxina 
(Hyžný 2012), Glypturus (Hyžný & Müller 2012), and 
Calliax (Hyžný & Gašparič 2014). The preservation of 
minor chela, at least for representatives of Eucalliaci-
nae (Calliax, Eucalliax, and Calliaxina), helps in distin-
guishing respective genera (Hyžný 2012: fig. 2; Hyžný & 
Gašparič 2014).
	 Many extant genera are based on rather minor differ-
ences in weak-part morphology or even on the basis of a 
single character. If not rediagnosed with respect to most 
durable body parts (i.e., chelipeds), it is difficult to reco
gnise these taxa in the fossil record. For instance, Sergio 
is differentiated from the morphologically similar Neo-
callichirus on the basis of differences in the telson and 
uropods (Manning & Lemaitre 1994). A molecular study 
by Felder & Robles (2009) cast doubt on the monophyl-
etic nature of the genus Sergio in its present arrangement. 
The problem dates back to 1988, when Sakai erected 
Neocallichirus. Its original diagnosis (Sakai 1988: p. 61) 
is vague resulting in the erection of several additional ex-
tant genera (including Sergio) from the “common stock” 
of Neocallichirus as well as erecting numerous fossil 
species of Neocallichirus based on a limited number of 
characters of minor taxonomic significance (Hyžný & 
Karasawa 2012: table 1). Sometimes, the assignment was 
even based on a single character (Neocallichirus mannin-
gi Schweitzer, Feldmann, Fam, Hessin, Hetrick, Nyborg 
& Ross, 2003 = N. rodfeldmanni Hyžný, 2010). Given 
the many different morphologies considered to be typi-
cal for the genus, Neocallichirus may be heterogeneous 
(Hyžný & Karasawa 2012: p. 61).
	 For assignment on the genus-level, a certain suite of 
characters can be used. For instance, Glypturus can be 
readily distinguished from all other genera by spines on 
the upper margin of the propodus and merus and on the 
lower margin of the carpus (Hyžný & Müller 2012). 
This does not mean that a different configuration of 
spines calls for erection of a new genus, but rather that 
prominent spines consistently present at the same place 
allow distinguishing one genus from a different one. To 
not confuse an intraspecifically variable feature with a 
taxonomically important character on the genus-level, 
many specimens need to be examined typically. In this 
respect, some of the extinct genera are based on only a 
limited number of specimens. Twenty-six ghost shrimp 
genera are known from the fossil record, of which 11 are 
exclusively fossil. Eight of them are monotypic genera. 
Some of them (Brecanclawu Schweitzer & Feldmann, 
2001; Comoxianassa Schweitzer, Feldmann, Ćosović, 
Ross & Waugh, 2009; Cowichianassa Schweitzer, Feld­
mann, Ćosović, Ross & Waugh, 2009; Eoglypturus Be­
schin, De Angeli, Checchi & Zarantonello, 2005, and 
Turbiocheir Schweitzer, Feldmann, Casadío & Raising, 
2012) are based on less than five specimens, implying that 
the intraspecific variability is difficult to evaluate. More
over, their justification often is insufficient. For instance, 
chelipeds of Turbiocheir were compared only to Neocal-
lichirus (i.e., a vaguely defined genus) without referring 
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to any published or studied comparative material. The 
authors (Schweitzer et al. 2012: p. 176) also stated: “To 
avoid needless confusion and additional biogeographic 
chaos, it seems most prudent to erect a new genus for the 
new material from Río Turbio, instead of referring the 
material to an extant genus.” It is questionable whether 
such approach can lead to a better understanding of the 
ghost shrimp fossil record. Careful comparison to extant 
taxa may resolve the affinities of fossil taxa better than 
erecting new genera without sound reasoning as has been 
shown by Hyžný and others (e.g. Schweitzer-Hopkins 
& Feldmann 1997; Hyžný 2012; Hyžný & Hudáčková 
2012; Hyžný & Dulai 2014; Hyžný & Gašparič 2014). 
Additionally, the fact that there are 11 exclusively fos-
sil and largely monotypic genera tell us more about the 
taxonomic practice within the group than about real di-
versity / disparity pattern of the ghost shrimps in the geo-
logical past.

5.3.3. 	Species-level

Unfortunately, most fossil species are based on fragmen-
tary material comprising propodi and dactyli only (160 
species, 58.4%). These elements can be subject to in-
traspecific and possible size-related variation (see chap-
ters 5.2.3. and 5.2.4.). Therefore it is important to gather 
a large number of specimens containing a growth series 
of the (supposedly) same taxon to recognize variable fea-
tures. Congruence in the presence of otherwise variable 
features (tuberculation, armature of fingers) may point to 
recognition of the diagnostic characters on the species-
level.
	 Prominent tuberculation is often considered a taxo-
nomically important character in decapod taxonomy in-
cluding ghost shrimps. One should, however, be aware 
of character changes during ontogeny because the tuber-
culation on ghost shrimp chelipeds may appear in large 
specimens in some cases, whereas much smaller indi-
viduals may be completely smooth. Dworschak (2008) 
reported this phenomenon for extant Neocallichirus 
karumba Poore & Griffin, 1979, in which individuals 
with a total length not exceeding 40 mm exhibit smooth 
major chelipeds (except for a few tubercles on the lateral 
surface of the propodus below the articulation with the 
dactylus), whereas larger specimens can be heavily tu-
berculated (Dworschak 2008: figs. 2e – f, 4b – c). Thus, 
tuberculation can be successfully used for taxonomy on 
the species-level in cases where its development is not 
linked to growth. In Glypturus, it has been demonstrated 
that already very small specimens (propodus length less 
than 5 mm) possess tubercles on the lateral surfaces of 
major propodus (Klompmaker et al. 2015a). The extent 
and presence of tuberculation differs among species 
(Klompmaker et al. 2015a) so that this character can be 
used for species identification in almost any case.
	 Setal pores are present in all ghost shrimps, but their 
shape, number, and arrangement vary markedly. It has to 
be stressed, however, that the mere presence or absence 
of setal pores cannot be taken as taxonomically important 

because it represents often only a preservational artefact. 
All ghost shrimps possess sensitive setae on the cheli-
peds, and, if preserved without cuticle as fossils, the setal 
pores may not be discernible. Polkowsky (2004) erected 
Ctenocheles chattiensis as a new species largely based on 
the presence of setal pores on isolated fingers. He stated 
that the pores are not present in its relative C. rupeliensis, 
which appears incorrect. Moreover, the new species was 
based on fragmentary material, namely an isolated dac-
tylus and a doubtful minor propodus (Polkowsky 2004: 
figs. 22 – 24). Therefore, Hyžný & Dulai (2014) consid-
ered Ctenocheles chattiensis to be a junior subjective 
synonym of the well-documented C. rupeliensis.

6. 	 Origins and evolution of the 	
	 ghost shrimps

The evolutionary history of ghost shrimps is very much 
understudied. Without proper classification of the often 
fragmentary fossils of fossorial shrimps, no reliable cali-
bration points based on fossils can be identified. Re-eval-
uation of the ghost shrimp fossil record has the potential 
to provide answers about the origin and phylogeny of this 
decapod group.

6.1. 	 Phylogenetics of Axiidea

As inferred from molecular data (Robles et al. 2009; Fig. 
12F), two distinct lineages seem to be present within 
Axiidea: one embracing Axiidae (= Calocarididae Ort­
mann, 1891 = Eiconaxiidae Sakai & Ohta, 2005), and 
the second consisting of Callianassidae and Ctenocheli-
dae (both sensu Manning & Felder 1991) together with 
less diverse Strahlaxiidae Poore, 1994, Callianideidae (= 
Thomassiniidae de Saint Laurent, 1979b), and Miche-
leidae Sakai, 1992. These two lineages are sometimes as-
cribed to Axioidea and Callianassoidea (e.g., Sakai 2011; 
Ahyong et al. 2011) in which Axiidae and Callianassidae 
apparently represent the most derived states within their 
lineages. The position of less diverse clades, however, is 
contentious (cf. Poore 1994; Tudge et al. 2000; Robles 
et al. 2009; Fig. 12). It should be noted that the superfam-
ily Callianassoidea as in Poore (1994, 2004; Fig. 12A), 
Martin & Davis (2001), Sakai (2011) and Ahyong et al. 
(2011) is not supported by molecular analyses (e.g., Ro­
bles et al. 2009; see also Dworschak et al. 2012: p. 186).
Within Axiidea, Callianassidae and Ctenochelidae seem 
to constitute a monophyletic group (cf. Tudge et al. 
2000; Felder & Robles 2009; Robles et al. 2009; but 
see Tsang et al. 2008; Fig. 12), but its internal relation-
ships are not clear. Ctenochelidae appear to be para-
phyletic in several phylogenetic analyses (e.g., Poore 
1994), whereas it is considered monophyletic in others 
(Tudge et al. 2000; Felder & Robles 2009). Callianassi-
dae in the present arrangement (sensu De Grave et al. 
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Fig. 12. An overview of published phylogenies involving ghost shrimps. The schemes are simplified to include only generic and familial 
taxa. Outgroup taxa or taxa different from axiidean and gebiidean shrimps are indicated with shorter branches. An indication of Axiidea and 
Gebiidea does not necessarily mean that the respective study recognized these taxa as separate infraorders. A: Phylogeny based on mor-
phology, after Poore (1994: fig. 9). B: A composite of the consensus trees from the Bayesian analysis and the single maximum-likelihood 
(ML) tree for the combined mitochondrial 16S rDNA and nuclear 18S rDNA data, after Tudge & Cunningham (2002: fig. 3). C: ML tree 
from combined 16S, 18S and 28S rDNA analysis, after Tsang et al. (2008: fig. 2). D: ML tree from combined 16S and 18S rDNA analysis, 
after Tsang et al. (2008: fig. 1). E: Cladogram inferred from a maximum parsimony (MP) analysis of 16S and 12S rDNA, after Felder & 
Robles (2009: fig. 1). F: Cladogram inferred from a Bayesian analysis of 16S and 18S rDNA, after Robles et al. (2009: fig. 1). Abbrevia-
tions: GEB. = Gebiidea; TH. = Thalassinoidea. For commentary see the text (chapter 6.1.).
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2009) appears to be a non-natural grouping in the latest 
molecular analysis (Felder & Robles 2009; Fig. 12E). 
Specifically, Eucalliacinae Manning & Felder, 1991 ap-
pears to be paraphyletic, suggesting that Calliaxina may 
share a common lineage with Ctenochelidae. Both Eucal-
liacinae and Ctenochelidae appear to be ancestral with 
respect to the more advanced Callichirinae and Callia-
nassinae. This seems supported by fossils from the Cre-
taceous. For Ctenochelidae, the fossil record of Cteno-
cheles goes back to the Cenomanian (~ 95 Ma) (Hyžný & 
Dulai 2014; Hyžný et al. 2014) and the oldest and only 
fossil representative of Dawsonius Manning & Felder, 
1991 is known from the Albian (~ 105 Ma) (Franţescu 
2014), if the generic assignment is correct. The oldest 
known representative of Eucalliacinae appears to be Eu-
calliax burckhardti (Böhm, 1911) from the Late Creta-
ceous – Paleocene (Maastrichtian – Danian, ~ 70 – 65 Ma) 
of Argentina and Mexico (Hyžný et al. 2013b). From 
coeval strata, also Callianassa (s.l.) ocozocoautlaensis 
Hyžný, Vega & Coutiño, 2013 is known, interpreted as a 
representative of Callianassinae. The Cretaceous occur-
rences of Neocallichirus, a representative of Callichiri-
nae, have been recently doubted by Hyžný & Karasawa 
(2012).

6.2. 	 Origins of Axiidea 

Fossils provide important calibration points for the diver-
gence times of major clades. Because the ghost shrimp 
fossil record is understudied, the selection of fossil taxa 
as calibration points is rather difficult.
	P orter et al. (2005), using a limited dataset for mo-
lecular clock estimates, argued for a possible divergence 
time of “thalassinideans” (to which ghost shrimps belong) 
from other reptantian decapods around the mid-Carbon-
iferous (~ 325 Ma). No fossil representatives of Axiidea 
or Gebiidea were chosen as calibration points, and, as 
pointed out by Dworschak et al. (2012: pp. 110 – 111), 
this estimate must apply only to axiideans because the 
five extant representatives used in the analysis of Porter 
et al. (2005) were all callianassids (no gebiidean was ana-
lysed). An alternate view has been presented by Bracken 
et al. (2010), who suggested an independent radiation 
of Gebiidea to have occurred within the Carboniferous 
(~ 309 Ma) and a radiation of Axiidea within the Permian 
(~ 255 Ma). Although these results are based on a more 
robust molecular phylogenetic analysis, no calibration 
point for Axiidea or Gebiidea based on fossils was used. 
Calibration points based on the oldest known axiidean 
and gebiidean taxa were used for the first time by Brack­
en-Grissom et al. (2013), namely Callianassa bonjouri 
Étallon, 1861 (now treated as Magila Oppel, 1861; see 
Förster 1977 and Schweitzer et al. 2010) from the Early 
Jurassic (Toarcian, ~ 180 Ma) of France and ?Gebia ob-
scura von Meyer, 1834 (now treated as Upogebia Leach, 
1814; see Schweitzer et al. 2010) from the Early Triassic 
(~ 248 Ma) of France. Both taxa, however, need to be 
revised. Förster (1977: p. 145) noted that the holotype 

of Magila bonjouri could not be found and the original 
figure does not allow detailed comparison to congeneric 
species. Regarding Upogebia obscura von Meyer, 1834, 
even von Meyer (1834) classified the poorly preserved 
specimen as ?Gebia. The analysis of Bracken-Grissom 
et al. (2013) was primarily focused on anomurans with 
other higher taxa of decapods serving as outgroup taxa. 
Thus, it is difficult to make further conclusions about the 
estimated divergence times of Axiidea and Gebiidea dur-
ing the Devonian (~ 370 Ma) and Permian (~ 265 Ma), 
respectively.
	 Most recently, Baucon et al. (2014) studied the fluvial 
succession of the Permian – Triassic (270 Ma) boundary 
in Sardinia, Italy. Based on the presence of Ophiomor-
pha ichnofossils in freshwater sediments, they suggested 
a sister-group relationship between Thalassinidea and 
Astacidea (see Porter et al. 2005; Tsang et al. 2008). 
Baucon et al. (2014: p. 99) concluded that both lineages 
derived from the same biological population and inter-
preted that “astacid / thalassinid diversification to have 
taken place in fluvial environment between the Carboni
ferous (~ 310 Ma) and early Permian (~ 295 Ma) times, 
while ghost shrimps had invaded marine environments at 
the Permian – Triassic boundary”. Their usage of the term 
“ghost shrimp” is, however, rather vague because they 
use it instead of “thalassinideans”, i.e., in a rather broad 
sense. Most importantly, identifying the tracemaker of 
freshwater Ophiomorpha to be of “thalassinidean” origin 
does not take into account the possibility of other deca-
pod taxa that may be able to produce these burrows. As 
Frey et al. (1978: p. 214) noted, thalassinideans are “by 
no means the only animals to employ sediment pellets in 
the construction of at least a part of a burrow”. Crayfishes 
can produce burrows with knobby walls (Chamberlain 
1975; Hasiotis & Bourke 2006 and references therein) 
and this morphology was linked to crayfish in the fos-
sil record (Babcock et al. 1998; Bedatou et al. 2008), 
although fossil burrows referred to crayfish were not as-
cribed to Ophiomorpha. Baucon et al. (2014) ascribed 
some of the investigated trace fossils to crayfishes. In-
deed, these animals may have been around at that time 
because Babcock et al. (1998) already reported on Early 
Permian (~ 295 Ma) crayfish. Could it be possible that 
crayfishes exhibited different burrowing behaviours to 
produce burrow similar to Ophiomorpha? If so, then this 
may be more reasonable than to postulate a freshwater 
origin of otherwise fully marine axiideans and gebiid-
eans. In this respect, it has to be stressed that “thalassi-
nidean” taxa tolerating salinity fluctuations are positioned 
relatively high in the proposed phylogenies (Tsang et al. 
2008; Robles et al. 2009), suggesting that resistance to 
freshwater may be derived.

6.3. 	 What is the oldest ghost shrimp?

The oldest known representative of Axiidea (to which 
ghost shrimps belong) is the axiid Magila bonjouri 
(Étallon, 1861) from the Early Jurassic (Toarcian, ~ 180 
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Ma) of France. Garassino & Teruzzi (2001) question-
ably assigned a fragmentary chela (Fig. 13A) from the 
Toarcian of Italy to ?Etallonia. Later, Schweigert (2003) 
suggested a possible relationship to his newly described 
axiid Megachela frickhingeri Schweigert, 2003 from the 
Late Jurassic (early Tithonian, 150 Ma) of Germany and 
re-assigned the Italian ?Etallonia to ?Megachela sp. Re-
examination (MH, pers. obs. Nov. 2014) of the original 
material of Garassino & Teruzzi (2001) cast doubt on 
the axiidean affinity of the specimen. We suggest that it 
may represent a polychelid chela because the dactylus is 
curved in a manner resembling polychelids (e.g., Audo et 
al. 2014). Moreover, polychelid lobsters are known from 
the same strata as the discussed specimen (Garassino & 
Teruzzi 2001). No material attributable to Callianassidae 
or Ctenochelidae is known from the Jurassic strata.
	 There are several candidates for the oldest representa-
tive of Callianassidae, all of Cretaceous age: Callianassa 
uncifera Harbort, 1905 is known from the Hauteriv-
ian – Barremian (125 – 133 Ma) of Germany (Fig. 
13E – G), C. sakakuraorum Karasawa, 2000b has been 
reported from the Barremian (~ 127 Ma) of Japan, and 
Protocallianassa patagonica Aguirre Urreta, 1982 is 
known from the late Barremian (~ 126 Ma) of Argentina 
(Aguirre Urreta 1982, 1989). Callianassa infracretacea 
de Tribolet, 1874, from the Hauterivian (~ 130 Ma) of 
France (Fig. 13C – D), most probably is a representative 
of Axiidae because Förster (1977) suggested assignment 
to Etallonia Münster, 1839. Glyphea carinata de Tribo­

let, 1875 from the same formation was recently ques-
tionably re-assigned to ?Callianassa by Charbonnier et 
al. (2013), to which we concur.
	 Karasawa (2000b: p. 237) noted that “the earliest 
representatives of Callianassa (s.l.) have been recorded 
from the Neocomian [Berriasian – Hauterivian, 145 – 130 
Ma] of Europe (Glaessner 1929) and the Valanginian 
(~ 135 Ma) of Argentina (Aguirre Urreta 1989)”. No 
European pre-Hauterivian callianassid occurrences are 
known to the authors. Aguirre Urreta (1989: text-fig. 
6) provided a table summarizing Cretaceous decapod 
crustacean occurrences of Argentina and Antarctica. De-
capod taxa of the Fossil Bluff Formation of the Western 
Atlantic Basin originally described by Taylor (1979) are 
in the aforementioned table listed in the column span-
ning the range of Berriasian to Aptian (145 – 115 Ma). 
Protocallianassa antarctica Taylor, 1979 appears to 
occur in the Berriasian (~ 140 Ma), but this age seems 
incorrect because Aguirre Urreta (1989) filled the stra
tigraphic column of the Fossil Bluff Formation, known 
to span from the Berriasian to Aptian, with the names 
of taxa. Taylor (1979) mentioned the probable age of 
P. antarctica to be early Aptian (~ 120 Ma). The species 
is based on several chelae with long and robust fingers 
with prominent longitudinal ridges (Fig. 13B) remi-
niscent of the axiid Schlueteria Fritsch in Fritsch & 
Kafka, 1887. Interestingly, the Berriasian Schlueteria 
carinata Taylor, 1979 is known from the same forma-
tion. Based on the comparison with chelipeds of Schlue-

Fig. 13. Some of the supposedly oldest ghost shrimps. A: ?Etallonia sensu Garassino & Teruzzi (2001) from the Early Jurassic (Toarcian) 
of Italy, MSNM i 10855. B: Protocallianassa antarctica Taylor, 1979 from the Early Cretaceous (early Aptian) of Antarctica (redrawn 
after Taylor 1979: fig. 9a). C,D: Callianassa infracretacea de Tribolet, 1874 from the Early Cretaceous (Hauterivian) of France; digital 
image from de Tribolet (1874: pl. 15.1). E – G: Callianassa uncifera Harbort, 1905 from the Early Cretaceous (late Hauterivian) of 
Germany, SNSB-BSPG 1988 III 373 (E), 1988 III 372 (F), and 1988 III 374 (G). Scale bars equal 5.0 mm. Specimens in A and B are not 
considered ghost shrimps herein, whereas C. infracretacea and C. uncifera await revision. For commentary see the text (chapter 6.3.).
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teria (Fritsch & Kafka 1887: pl. 6; Charbonnier et al.  
2012: fig. 24), Protocallianassa antarctica may be a re
presentative of this genus or its close relative. In the table 
presented by Aguirre Urreta (1989: text-fig. 6), Callia-
nassa aff. C. peruviana is reported from the Lower Cre-
taceous of the Neuquen Basin. It appears to represent a 
Valanginian (~ 135 Ma) occurrence, but given the nature 
of the table (taxa listed across the entire stratigraphic 
span of the formation in which they occur), one cannot be 
certain about this. Callianassa peruviana Rathbun, 1947 
was originally described from the Albian (~ 110 Ma) of 
Peru.
	 Mángano & Buatois (1991) reported “callianassid 
claws” associated with burrows from the Berriasian / Va
langinian (~ 140 Ma) of Argentina. Since no additional 
information or detailed photo-documentation was includ-
ed, it is difficult to accept this as the oldest ghost shrimp 
occurrence.
	 To conclude, no unequivocal ghost shrimp (i.e., cal-
lianassid or ctenochelid) older than the Hauterivian (133 
Ma) is known to date. Thus, based on fossils, the emer-
gence of axiideans can be expected to occur in the Juras-
sic followed by a major radiation during the Cretaceous. 
This hypothesis contradicts the Paleozoic origin of axiid-
eans proposed by others (see chapter 6.2.).

6.4. 	 Evolution of ghost shrimps

The evolutionary scheme plotted against the geologi-
cal time scale in Fig. 14 is based largely on phylogenies 
proposed by Felder & Robles (2009) and Robles et al. 
(2009: fig.1; see also Dworschak et al. 2012: fig. 69.32). 
The scheme considers only taxa with a known fossil re-
cord. Since numerous fossil ghost shrimp taxa await ge-
neric or familial re-assignment, it necessarily represents 
only a preliminary outline of suggested relationships.
	 The oldest axiidean fossil Magila bonjouri is also the 
oldest record for Axiidae (asterisk 1 in Fig. 14). In his 
morphological analysis Poore (1994) resolved Thomas
siniidae / Callianideidae as a sister taxon to ghost shrimps 
(Ctenochelidae + Callianassidae). Based on Robles et 
al. (2009), the sister group to ghost shrimps is a clade 
containing representatives of Strahlaxiidae and Thomas
siniidae / Callianideidae. Since only one fossil occur-
rence is known from this grouping, Crosniera schweit
zerae Hyžný & Schlögl, 2011, from the early Miocene 
(~ 16 Ma) of Slovakia (asterisk 2 in Fig. 14), Thomas
siniidae (considered synonymous to Callianideidae by 
Dworschak et al. 2012) is shown as a sister taxon to 
ghost shrimps in Fig. 14.
	 The relationship between the ingroups (subfamilies 
in the Linnean classification) of ghost shrimps is largely 
unresolved and, therefore, all lineages are shown here as 
a polytomy. This is because of contradictory results from 
the phylogenetic analyses conducted so far (Tudge et al. 
2000; Tudge & Cunningham 2002; Tsang et al. 2008; 
Felder & Robles 2009; Robles et al. 2009). The old-
est ghost shrimp as recognized herein and discussed in 

chapter 6.3. is considered the “calibration point” of this 
polytomy (asterisk 3 in Fig. 14).
	 Felder & Robles (2009) resolved Eucalliacinae and 
Callichirinae as paraphyletic groupings, with Eucalliaci-
nae sharing the lineage with Ctenochelidae. Dawsonius 
has been recognized as a sister taxon to Gourretia by 
Felder & Robles (2009) and Robles et al. (2009), al-
though it must be noted that no other representatives of 
Ctenochelidae were included in their analyses. Thus, 
the relationships among Ctenocheles, Callianopsis, and 
Gourretia / Dawsonius are largely unexplored, although 
the monophyly of Ctenochelidae is presumed here. As far 
as the status of Ctenochelidae as a sister taxon to Callia-
nassidae, the results of Tsang et al. (2008) and Robles et 
al. (2009) offer only modest support. The oldest fossil re-
cord of Gourretia is the occurrence of Gourretia sp. from 
the early Miocene (18 Ma) of Austria (Hyžný et al. 2015; 
asterisk 4 in Fig. 14). Observations (MH pers. obs.), 
however, suggest a much older history of the genus, go-
ing back at least into the middle Eocene (~ 42 Ma).
	 Paracalliacinae includes two extinct genera, Rath-
bunassa Hyžný in Bermúdez et al., 2013, and Pleuro-
nassa Ossó-Morales, Garassino, Vega & Artal, 2011. 
Both were included in the subfamily by Bermúdez et al. 
(2013). Rathbunassa, known from the Early Cretaceous 
(Albian, ~ 110 Ma) (Bermúdez et al. 2013), is consistent 
with the results in Poore (1994), who recognized its ex-
tant relative Paracalliax to be positioned even more ba-
sally than Ctenocheles. The fossil record cannot resolve 
this issue yet because the oldest records of Rathbunassa 
and Ctenocheles are roughly coeval.
	 In the ghost shrimp phylogeny, pronounced hetero-
chely appears to be a derived state, as representatives of 
Thomassiniidae are only slightly heterochelous. Inter-
estingly, fossil members of Paracalliacinae show slight 
heterochely as well. From the viewpoint of the charac-
ter evolution, Paracalliacinae appears more plesiomor-
phic than Ctenochelidae (suggested also by Poore 1994: 
fig. 9), as Ctenocheles clearly is already a specialized, 
strongly heterochelous form.
	 Eucalliacinae was resolved as a paraphyletic group-
ing by Felder & Robles (2009). Interestingly, it appears 
to represent early branching off the lineage towards Cal-
lichirinae and Callianassinae, but the fossil record is not 
sufficiently known to support this. The oldest record is 
Eucalliax burckhardti from the Late Cretaceous (Maas-
trichtian, ~ 70 Ma) of Argentina and Mexico (Hyžný et al. 
2013b), but numerous older taxa (treated as Callianassa) 
from the Late Cretaceous possess characters typical for 
Eucalliacinae (see Hyžný 2012). The oldest record of 
Calliax is Calliax sp. from Paleocene (?Thanetian, ~ 58 
Ma) of Pakistan (Charbonnier et al. 2013; asterisk 5 in 
Fig. 14). Eucalliacinae include also nearly isochelous 
taxa (Calliaxina and Eucalliax); thus, the combination of 
their suggested early branching off the lineage towards 
Callichirinae and Callianassinae (Felder & Robles 
2009), and the near-isochely of Jurassic axiids (Beurlen 
1930) would imply character evolution from ancestral 
isochelous to derived heterochelous chelipeds. If correct, 
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heterochely would have arisen at least two times within 
Axiidea, once in Axiidae and once in ghost shrimp clade. 
However, convergence within the ghost shrimp lineage 
cannot be ruled out.
	 The oldest fossil occurrence of a representative of 
Callichirinae is Callichirus waagei and Corallianassa 
acucurvata from the Late Cretaceous (Maastrichtian, 
~ 70 Ma) of the USA (Crawford et al. 2006) and the 
Netherlands (Swen et al. 2001), respectively. Corallia-
nassa rigoi De Angeli & Garassino, 2006 from the Early 
to Late Cretaceous (Aptian – Campanian) of Italy is here-
in considered to be closer to Protocallianassa and Meso-
stylus. Analyses of Felder & Robles (2009) and Robles 
et al. (2009) resolved Callichirus as the sister group to 
the rest of Callichirinae, in disagreement with Tsang 
et al. (2008). Moreover, due to the unstable position of 
Lepidophthalmus  within  Callichirinae / Callianassinae 
clade, the relationships among derived callianassids are 
unresolved in Fig. 14. Lepidophthalmus was considered 
a representative of Callichirinae by Manning & Felder 
(1991), and, as such, appeared also in major revisions by 
Sakai (2005, 2011). The analysis of Felder & Robles 
(2009) contested this view because it resolved Lepidoph-
thalmus positioned basally within the clade together with 
Callianassinae. The fossil record of the genus is large-
ly unknown: only recently fossils have been identified 
(Hyžný & Dulai 2014; Gašparič & Hyžný 2015). It is 
likely that after applying proxy characters as discussed 
by Hyžný & Dulai (2014), more ghost shrimp taxa will 
be re-assigned to this genus. So far, its oldest record is 
L. crateriferus from the late Oligocene (~ 28 Ma) of Hun-
gary (Hyžný & Dulai 2014).
	 Eoglypturus, although originally not ascribed to a 
subfamily (Beschin et al. 2005; see also De Grave et al. 

2009), was considered a representative of Callichirinae 
by Hyžný & Müller (2012). The presence of spines on 
the upper margin of the propodus is considered a taxo-
nomically important character on the supraspecific level 
(Hyžný & Müller 2012; Hyžný et al. 2013a). Eoglypt
urus possesses similar spines and is, therefore, consid-
ered a sister genus to Glypturus. Corallianassa was re-
solved as a sister taxon to Glypturus by Felder & Robles 
(2009).
	 Based on Hyžný & Karasawa (2012: table 1), Neo-
callichirus rhinos from the middle Eocene (~ 45 Ma) of 
Mexico (Schweitzer & Feldmann 2002) is considered 
the oldest confirmed record of the genus (asterisk 6 in 
Fig. 14), although there are several older occurrences de-
scribed as Neocallichirus. The oldest one, Neocallichirus 
agadirensis from the Late Cretaceous (Cenomanian, ~ 95 
Ma) of Morocco (Garassino et al. 2011), is currently be-
ing redescribed by one of us (MH).
	 The sister group relationship between Grynaminna 
and Neocallichirus was resolved by Felder & Robles 
(2009). Interestingly, although numerous fossil species 
of Neocallichirus were described, only one species was 
assigned to Grynaminna (Hyžný & Karasawa 2012).
	 The fossil record of Callianassinae is poorly known. 
Most species attributed to Callianassa do not conform to 
Callianassa sensu Manning & Felder (1991) or Ngoc-
Ho (2003). The oldest recorded representative of the 
subfamily is Trypaea mizunamiensis Karasawa, 1993 
from the early Miocene (~ 20 Ma) of Japan. However, 
older taxa may be accommodated within Callianassinae 
as well, e.g., Callianassa heberti Milne-Edwards, 1860 
or C. macrodactyla Milne-Edwards, 1860 from the Eo-
cene (Bartonian, 40 Ma) of France. Formal reassignment 
of these taxa, however, awaits a more detailed study.

Fig. 14. Evolutionary scheme of ghost shrimps based on the fossil record and phylogenies of modern ghost shrimps. For commentary see 
the text (chapter 6.4.).
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7. 	 Conclusions

The ghost shrimp fossil record is rich, but largely under-
studied. This is mainly because the generic assignment 
of ghost shrimp remains is often hindered by their insuf-
ficient preservation and inconsistencies in the biological 
classification and taxonomy of the group. Furthermore, a 
broadly defined concept of the genus Callianassa has been 
used many times in the past: almost any ghost shrimp with 
mainstream cheliped morphology has been attributed to 
that genus. Altogether, 190 fossil species have been de-
scribed under the collective taxon “Callianassa”, which 
represents a heterogeneous mixture of several genera.
	 So far, 274 fossil species once attributed to ghost 
shrimps were recognized, and 250 of them are considered 
valid taxa. Interestingly, in the last decade, more fossil 
ghost shrimp species were erected than during any com-
parable period since World War II, suggesting that more 
taxa remain undiscovered and / or undescribed.
	 Major conclusions from this fossil ghost shrimp re-
view involve (1) taphonomical aspects, (2) generic as-
signment of the fossil taxa, and (3) remarks on the ghost 
shrimp phylogeny.
	 (1) 	Due to the delicate nature of most ghost shrimp 
cuticle, only the hardened parts are usually preserved, 
i.e., the chelae, the antero-dorsal portion of the carapace, 
and sometimes the posterior pleonal segments and the 
telson. Heavily calcified chelipeds are preserved most 
frequently. Whole-body fossils of ghost shrimps are rare; 
only 19 species were described as such. Disassociated 
chelipeds are more common than disassociated pleonal 
units and cephalothoracic region units. When a cheliped 
disassociation unit disintegrates further, only often frag-
mentary, isolated cheliped elements remain. This mode of 
preservation constitutes the most abundant portion of the 
ghost shrimp fossil record. Altogether 160 species, which 
is more than half of all described species, are known only 
from their distal cheliped elements, i.e., dactylus and / or 
propodus.
	 The majors of ghost shrimp chelae constitute one 
of the most common fossil decapod remains, but minor 
chelae are rare. Scars from muscle attachments are often 
preserved in the fossil ghost shrimps. Only rarely, ghost 
shrimps are preserved in situ in burrows or in direct as-
sociation with them.
	 (2) 	For successful generic assignment, fossil materi-
al should always be compared to modern genera because 
many of them have modern relatives. In the neontologi-
cal literature, the morphology of the major cheliped is 
rarely closely examined for features that can be used for 
identification on the genus-level. Instead the telson, uro-
pods, and maxillipeds are used typically. It is suggested 
that neontologists should provide detailed descriptions of 
cheliped morphology more frequently and that paleon-
tologists should look at modern taxa more often.
	 Heterochely, intraspecific variation, ontogenetic 
changes, and sexual dimorphism are all factors that have 
to be taken into account when working with fossil ghost 

shrimps. In the fossil record, differences in the sexual 
morphs can lead to the incorrect recognition of two sepa-
rate taxa. Despite being used frequently necessarily to 
erect fossil ghost shrimp species, distal elements (i.e., 
dactylus and propodus) are usually more variable than 
proximal ones (i.e., carpus, merus, and ischium).
	 (3) 	Based on fossils, the emergence of axiideans can 
be expected to occur within Jurassic and a major radia-
tion is suggested for the Cretaceous. No ghost shrimp 
(i.e., callianassid or ctenochelid) older than the Early 
Cretaceous (Hauterivian, ~ 133 Ma) is known to date. 
The divergence of Ctenochelidae and Paracalliacinae is 
estimated to occur at least before the Albian (~ 113 Ma), 
but most probably not before the Hauterivian (~ 133 Ma), 
as the oldest ghost shrimp is known from around that 
time. Callichirinae and Eucalliacinae likely diverged dur-
ing the Late Cretaceous, whereas Callianassinae did not 
appear before the Eocene (56 Ma).
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