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Fig. 2. Specimen 2. Cancrinos claviger MÜNSTER, 1839, immature specimen; Solnhofen Lithographic Limestones (Upper Jurassic, 
Lower Tithonian); Langenaltheim (southern Germany); Coll. WULF. – A. Composite image under normal light, inverted to enhance 
contrast. B. Interpretive drawing of A. C. Detail of anterior appendages of right body side (normal light). Arrow marks the change 
from the thickened annuli to normal ones. D. Higher magnification of the tail fan (normal light). E. Details of the pereiopods showing 
the tuberculation (arrows; normal light). – mxp: maxillipeds. For other abbreviations see Fig. 1.
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Fig. 3. Two immature Cancrinos specimens. A–C. Specimen 3. Cancrinos claviger MÜNSTER, 1839, immature specimen; Solnhofen 
Lithographic Limestones (Upper Jurassic, Lower Tithonian), Schernfeld (southern Germany); Coll. FRATTIGIANI. – A. Composite im-
age under normal light. B. Interpretive drawing of A. C. Detail of pereiopod (normal light), arrows showing the tuberculation.
D–F. Specimen 4. Cancrinos (libanensis?) GARASSINO & SCHWEIGERT, 2006, possible immature specimen; Upper Cretaceous, Ceno-
manian, Hajoula (Lebanon); SMNS 66207. D. Detail of pereiopod (normal light), arrows showing the tuberculation. E. Composite 
image under normal light. F. Interpretive drawing of E. – For abbreviations see Fig. 1.
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SCHWEIGERT 2006a). The distal annuli must be interpreted 
as lost during ontogeny.

Most other morphological features cannot be followed 
throughout the ontogeny of Cancrinos claviger, as they 
are not exactly known for all stages. What can be recog-
nised, however, is the relative enlargement of the pleon, 
which is smallest in the first known stage, slightly larger 
in the second known stage and even larger in the supposed 
adults (GARASSINO & SCHWEIGERT 2006a). Unfortunately, 
the largest of the immature specimens of C. claviger, no. 
3, possesses neither attached antennae nor an outstretched 
pleon; therefore, none of the two structures, known to un-
dergo morphogenetic changes, is obtainable from this 
specimen. At least specimen 3 bridges the size gap be-
tween the immature specimens and the presumed adult 
specimens, being up to more than 10 cm in length (GA-
RASSINO & SCHWEIGERT 2006a).

4. Discussion

The Solnhofen Lithographic Limestones are one of the 
few fossil Lagerstätten that contain also information on 
arthropod ontogeny with “soft-part preservation”, besides 
the worldwide occurring ‘Orsten’-type Lagerstätten (Cam-

brian to Ordovician), the Scottish Rhynie Chert (Devoni-
an) and the Santana and Crato formations in Brazil (Creta-
ceous) (see HAUG et al. 2008). The present report amends 
the record of immature arthropod specimens facilitating 
the reconstruction of development of these fossil species 
from the Solnhofen Lithographic Limestones.

The four specimens interpreted here as immature 
specimens of Cancrinos sp. are obviously Achelata, based 
on the morphology of their appendages. The term imma-
ture is applied here as neutral description of post-phylloso-
ma stages, as it remains unclear whether the smallest spec-
imen here might rather represent the so-called puerulus/
nisto stage (megalopa equivalent sensu WILLIAMSON 1969), 
in which case the term larva may be applied, or if they are 
true juveniles. The general controversy about how to term 
stages following the larval phase is mainly caused by the 
fact that the term “post-larva”, meaning nothing more than 
“after the larval phase” was used for a distinct stage by 
GURNEY (1942). This is seen as generally problematical 
(e. g. ANGER 2006). FELDER et al. (1985) have suggested 
calling all “post-larval” stages of Decapoda “post-larva”, 
although they argue for a morphological distinctiveness of 
the first “post-larval” stage (their decapodid) compared to 
later ones. We also notice the difficulties with this termi-
nology and use it in quotation marks to indicate that we 

Fig. 4. Specimen 5. Possible scyllarid larva; Solnhofen Lithographic Limestones (Upper Jurassic, uppermost Kimmeridgian), 
Painten (southern Germany); Coll. FRATTIGIANI. – A. Composite image under normal light, inverted. B. Interpretive drawing of A. – 
ex?: possible exopod; hs: head shield; for other abbreviations see Fig. 1.
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refer to stages after the larval phase and not to a “post-
larva” sensu GURNEY (1942).

There are at the moment three valid species of Ache-
lata known in the Solnhofen Lithographic Limestones: 
Palinurina longipes MÜLLER, 1839, P. tenera OPPEL, 1862 
and Cancrinos claviger (GARASSINO & SCHWEIGERT 2006a). 
The taxonomic status of other species of Palinurina (as 
well as the status of P. tenera) has already been questioned 
by POLZ (1995) as representing either exuviae or different 
developmental stages of P. longipes. The here presented 
specimens no. 1–3 cannot be grouped with Palinurina for 
several reasons. Palinurina specimens have relatively 
slender pereiopods, while the pereiopods of our specimens 
appear stouter and more robust. P. longipes has a fine tu-
berculation on the pereiopods, arranged in parallel rows, 
while P. tenera also has fine tubercles, but irregularly and 
rarely. In contrast, our specimens show a very strong tu-
berculation (Figs. 1D, 2E, 3C, D), but also arranged in 
parallel rows. Such stouter and more robust pereiopods 
with a strong tuberculation in parallel rows are exclusively 
known from C. claviger. Additionally, the absence of any 
rostral structure – diagnostic character of C. claviger – 
further supports the assignment of specimens no. 1–3 to 
this species.

Furthermore, one specimen exhibits thickened proxi-
mal portions of the antennal flagella. These are not as 
broad as in large (adult?) specimens and have more annuli 
distally that are flagelliform, but are best interpreted as an 
ontogenetic intermediate stage between a “normal” anten-
nal flagellum, as exhibited by the smallest specimen, and 
a spatulate appearance with just about 20 flagellimeres in 
later stages (GARASSINO & SCHWEIGERT 2006a).

Based on the assignment of the specimens no. 1–3, 
Cancrinos claviger appears to “change” from a palinurid-
like morphology to a more scyllarid-like morphology 
throughout its “post-larval” phase, i. e. a thin antennal 
flagellum develops into a flattened/thickened spatulate 
flagellum. Although the largest of our immature speci-
mens, no. 3, is only imperfectly preserved and lacks the 
antennae, its size closes the gap to the larger adult speci-
mens (GARASSINO & SCHWEIGERT 2006a).

Although our descriptions of the immature specimens 
are kept short here, as it was not the aim of the present 
paper to fully reconstruct the ontogenetic sequence of 
Cancrinos claviger, the discovered ontogenetic pattern 
already allows us to evaluate an earlier assumption on the 
ontogeny of C. claviger. POLZ (1996) pointed out that the 
phyllosoma of his type C larva might represent the larva of 

Fig. 5. Preliminary partial 3D reconstruction of the two different ontogenetic immature stages of Cancrinos claviger MÜNSTER, 1839 
based on the specimens in Figs. 1 and 2 and literature data on the adult (GARASSINO & SCHWEIGERT 2006a). Note the change on the 
antennae (thickening of proximal annuli) and in the relative pleon size.
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C. claviger. This was originally a problematical assump-
tion, as the type C larva does not possess prominent flat-
tened antennae. Based on our new findings the assump-
tion by POLZ (1996) is seen as more likely now, because the 
newly described immature specimens serve to explain the 
gradual development of the prominent antenna to its spat-
ulate condition in adult C. claviger (GARASSINO & SCHWEI-
GERT 2006a).

FÖRSTER (1984) assumed that Cancrinos claviger might 
be understood as an “intermediate” evolutionary step be-
tween Palinuridae and Scyllaridae. The flattened anten-
nae in Cancrinos should, according to this author, be un-
derstood as a first step to the morphology seen in Scyl-
laridae, where the antenna is reduced to only five elements 
(FÖRSTER states four elements, it is unclear whether he 
missed the most proximal, fused elements).

In Cancrinos claviger the most proximal element of 
the antennae (the coxae) are fused to each other and im-
mobilised, an autapomorphic character for Achelata. Like 
in Palinuridae the peduncle of the antenna of C. claviger is 
further composed of three robust elements. The fifth pe-
duncle element is very small in Palinuridae and appears 
almost like a flagellimere. Based on positional homologi-
sation (= homotopy) the same must be the case for C. 
claviger, thus the most basal element of the petaloid area 
of the antenna must be understood as the peduncle element 
five. In Recent Scyllaridae the main area forming the 
functional shovel is a laterally drawn out region of pe-
duncle element three and the large, anteriorly rounded 
terminal element (element five). This element is very large 
and prominent and thus unlikely homologous to the very 
small peduncle element five of Palinuridae (and C. clavi-
ger), but might be understood as a fusion product of the 
peduncle element five and the distal flagellum, both of 
flattened shape. The terminal element of Scyllaridae is, 
furthermore, armed with many teeth that show in some 
cases deep incisions (e. g. HOLTHUIS 2006). This might be 
understood as a remnant of former subdivision.

A spatulate appearance of the distal region of the an-
tenna, but exclusively formed of the antennal flagellum 
also appears in Recent palinurids. Here these morpholo-
gies are further restricted to larval (phyllosoma) stages 
and appear in a highly derived ingroup taxon of the Pali-
nuridae (MCWILLIAM 1995). A spatulate distal antennal 
region comprising also peduncle element five is exclu-
sively known from Cancrinos and Scyllaridae. Thus, a 
spatulate morphology of the distal antennal region is seen 
as a potential and plausible synapomorphy of Cancrinos 
and Scyllaridae.

Until now, the exact placement has been treated only 
vaguely as “intermediate” or “close to” the Scyllaridae 
(FÖRSTER 1984, 1985; GEORGE 2006). Based on FÖRSTER’s 
(1984) scenario and the potential synapomorphic mor-
phology of the antenna, Cancrinos can be understood as 

the sister group to Scyllaridae. Other characteristics of 
Scyllaridae are missing in Cancrinos, such as the possible 
fusion of the flagellimeres to peduncle element five or the 
flattening of the cephalothoracic shield, so representing 
autapomorphies of Scyllaridae. The taxon including Scyl-
laridae and Cancrinos is, therefore, here named Scyllari-
dae sensu lato, and the old term Scyllaridae is restricted to 
Scyllaridae sensu stricto (Fig. 6). This phylogeny was al-
ready implicated indirectly in the publication by FÖRSTER 
(1984), but is now here formalised.

The new data on the development of Cancrinos clavi-
ger allow us to identify two possible peramorphic hetero-
chronic events in the evolutionary lineage towards the 
Scyllaridae sensu stricto. The evolutionary change from a 
“normal” morphology of the distal antennal region 
throughout ontogeny to the appearance of a spatulate mor-
phology late in “post-larval” ontogeny is best described as 
local hypermorphosis + pre-displacement. Hypermorpho-
sis is easily identified as a global change, i. e. affecting the 
whole organism. In these cases it can also be described as 
‘terminal addition’ (of a developmental stage). For a local 
hypermorphosis, i. e. affecting only certain structures of 
an organism, this interpretation is critical. But also the 
present example can be recognised as hypermorphosis, as 
it produces a recapitulation in the Haeckelian sense: the 
immature stages exhibit a plesiomorphic morphology 
(flagelliform), while later stages exhibit an apomorphic 
state (spatulate). Terminology of heterochrony is mainly 
based on growth curves; therefore, it is not designed for 
pseud-discontinuous development as it is present in ar-
thropods, and mainly discussed for global events. But one 
must not forget that the terms of heterochrony are descrip-
tive terms that simply try to classify and describe an evo-
lutionary pattern. We, therefore, propose to add the de-
scriptive term ‘pre-displacement’, another type of pe-
ramorphosis, to the descriptive term ‘hypermorphosis’ to 
more precisely describe the evolutionary change of onto-
geny that must have occurred in this evolutionary lineage 
(see also see HAUG et al. submitted for a further discussion 
on heterochrony). The combination of these two terms is 
necessary as no new ‘stage’ appears in ontogeny, but new 
‘conditions’ appear in a late, but already existing stage. 
The problem of the descriptive terms of heterochrony and 
their application to arthropods, and especially to local 
phenomena, is not satisfyingly solved yet; the terminology 
applied here remains preliminary.

The evolutionary shift to an earlier appearance of a 
spatulate antennal flagellum already in the first “post-
larval” stage can be, more easily be described as pre-dis-
placement (Fig. 6). In fact, already the phyllosoma larvae 
of Scyllaridae exhibit a non-flagelliform morphology of 
the antennal flagellum, but a true spatulate (shovel-like) 
appearance is present from the first “post-larval” (nisto) 
stage on (e. g. GOLDSTEIN et al. 2008). The occurrence of 
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the fusion of the flagellimeres to the peduncle element 
five might also be the effect of a heterochronic event, but 
is not discussed here.

The single specimen from Lebanon, no. 4, appears to 
be a juvenile Cancrinos libanensis (GARASSINO & SCHWEI-
GERT 2006b), based on the overall similarities to the three 
immature specimens of C. claviger and its relatively close 
co-occurrence with C. libanensis. Interestingly, it further-
more shows superficial resemblance to a single specimen 
described by ROGER (1946) as Eryoneicus sahel-almae 
ROGER, 1946. Based on the images from the original de-
scription (ROGER 1946) the assignment of this specimen to 
the Eryonidae is doubted. At first, a large shield laterally 
extending as seen in other eryonids (e. g. GARASSINO & 
SCHWEIGERT 2006a) is not apparent in the images of the 
specimen described by ROGER (1946) (and also not in our 
specimen). Secondly, eryonid males possess chelae on the 
anterior four pairs of pereiopods, females on all five pairs 
(SCHOLTZ & RICHTER 1995). The specimen shown by ROGER 
(1946) lacks, similarly to our specimen, chelae on all 
pereiopods. Thirdly, eryonids have (plesiomorphically re-
tained from the ground pattern of Decapoda) a triangular 

telson (SCHOLTZ & RICHTER 1995); the specimen shown by 
ROGER (1946) possesses a rounded eureptantian telson 
(SCHOLTZ & RICHTER 1995), so revealing an in-group eu-
reptantian feature. In summary, the specimen described 
by ROGER (1946) as the holotype of E. sahelalmae is inter-
preted here as a possible additional immature specimen of 
C. libanensis. Besides the recently described single phyl-
losome specimen from Hajoula (PASINI & GARASSINO 
2009), this is the first report of preservation of develop-
mental information in Lebanese decapod fossils. A formal 
revision of the species together with the problematical is-
sue of these juveniles belonging to the Lebanese C. liba-
nensis and a discussion of the question of priority have to 
be postponed until the original specimen from the Leba-
non has been re-investigated.

Further understanding of early scyllarid evolution may 
be provided by other fossil scyllarids. Scyllaridae have 
been described from the Cretaceous of Lebanon and from 
Mexico (DAMES 1886; ROGER 1946; FÖRSTER 1984, 1985; 
VEGA et al. 2007). The presence of scyllarids in lithograph-
ic limestones from Lebanon also makes their presence in 
the Solnhofen Lithographic Limestones very likely, as the 

Fig. 6. Phylogeny of Achelata (problem of Synaxidae not included here) and position of Cancrinos with mapping of the condition of 
the distal antennal region in first “post-larval” and later developmental stages. The shift from the state in the achelatan ground pat-
tern to the altered one in the stem-lineage of Scyllaridae sensu lato can be described as hypermorphosis + pre-displacement, occur-
rence of a new condition at the end of (or at least late in) ontogeny. The next change in the stem-lineage of Scyllaridae sensu stricto 
(forward shift of the former later condition to early stages) can be described as pre-displacement.
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two faunas are very similar in many components. This 
would further make the interpretation of the single speci-
men presented here as a possible scyllarid larva plausible.

The possible scyllarid phyllosoma larva specimen, no. 
5, exhibits partially larval and “post-larval” features of 
Scyllaridae sensu stricto. The extremely thin and long 
pereiopods apparently resemble those of the characteristic 
phyllosoma larvae (MIKAMI & GREENWOOD 1997; GOLD-
STEIN et al. 2008). The shield shape also resembles that of a 
phyllosoma, besides the already developed furrows that 
are present on “post-larval” stages of Scyllaridae sensu 
stricto (GOLDSTEIN et al. 2008). The short antennae of the 
specimen also more resemble that of “post-larval” stages, 
but they indicate the possible scyllarid affinity of the spec-
imen. A missing free pereion may also be a “post-larval” 
feature, but in certain phyllosoma larvae the large shield 
superimposes the free pereion (e. g. SEKIGUCHI et al. 1996). 
The fully segmented pleon may again be a “post-larval” 
feature, but in some scyllarids the pleon is already well 
developed in the latest phyllosoma stage (MIKAMI & 
GREENWOOD 1997).

Another example of a fossil phyllosoma larva exhibit-
ing a mixture of larval and “post-larval” features has been 
termed larva D by POLZ (1995). It has been interpreted as 
being fossilised in the act of moulting from a larva to a 
“post-larva” (POLZ 1995). Alternatively, both examples, 
our possible scyllarid larva and the larva D, could repre-
sent very late larval stages. In long ontogenetic sequences 
the individual stages can show significant variations (AN-
GER 2006) and the last larval stages may already expose 
certain “post-larval” characters. No examples for this phe-
nomenon have been found in the literature for Achelata, 
but the long ontogenetic sequence in this taxon makes it 
likely, that an “early megalopa” (term from VILLAMAR & 
BRUSCA 1988 for a stage showing features of zoëa and 
megalopa) occurs in achelatan ontogeny.

In summary, the single phyllosoma-like specimen pre-
sented here is interpreted as a possible latest larval stage 
(“early megalopa”) of an unknown scyllarid. Yet the spec-
imen is too ill preserved to allow for a formal description 
of a new species.

5. Conclusions and outlook

The taxon Cancrinos is interpreted as the sister taxon 
of the Scyllaridae sensu stricto, both taxa representing the 
Scyllaridae sensu lato. The autapomorphy of this taxon is 
a spatulate distal antennal region. Details of the ontogeny 
of Cancrinos claviger demonstrate that the spatulate distal 
antennal region develops from a flagelliform distal anten-
nal region, which represents the plesiomorphic state of 
this character present also in Palinuridae, the sister taxon 
to Scyllaridae sensu lato. Ontogenetic details led to the 

identification of two heterochronic, better peramorphic 
events: hypermorphosis + pre-displacement in the direct 
stem lineage of Scyllaridae sensu lato and pre-displace-
ment in the stem lineage of Scyllaridae sensu stricto (Fig. 
6). This demonstrates again the importance of using fossil 
developmental data for reconstructing evolutionary sce-
narios.

A single specimen, possibly representing a late scyl-
larid phyllosoma larva, points to the presence also of scyl-
larids in the Solnhofen Lithographic Limestones. The po-
tential of the Solnhofen Lithographic Limestones to pre-
serve larval stages and ontogenetic information is seen as 
a promising starting point for future investigations on 
malacostracan evolution.

The knowledge of Achelata in the Solnhofen Litho-
graphic Limestones is still imperfect. POLZ (1972, 1973, 
1984, 1995, 1996) has made very important contributions 
and also has given farther-reaching implications, and he 
demanded for further investigations (POLZ 1995). These 
are, indeed, necessary to present a more detailed picture of 
the ontogenetic sequences. Moreover, further studies 
might reveal that specimens described as distinct species 
are in fact developmental stages of a different species, like 
POLZ (1995) has indicated for the species of Palinurina. 
The search for more specimens of Cancrinos claviger, es-
pecially immature ones, is also necessary to amend the 
here only partially reconstructed ontogeny and to allow a 
judgement whether the phyllosoma larvae of type C might 
represent the larval stages of this species (POLZ 1996).

The interpretation of Eryoneicus sahelalmae as a pos-
sible immature specimen of Cancrinos libanensis is of 
further importance, as it indicates the presence of ontoge-
netic information also in the Cretaceous fish beds of Leba-
non. Just one larva have been reported from there so far 
(PASINI & GARASSINO 2009), the earlier reports of putative 
stomatopod larvae all refer to thylacocephalan arthropods 
(SCHRAM et al. 1999).

The potential of these Mesozoic Lagerstätten to add 
knowledge to the ontogeny of basal offshoots of certain 
evolutionary lineages (as shown here) is seen as high. 
These fossils can contribute enormously to a (future) larg-
er-scale phylogenetic analysis (SANTINI & TYLER 2004; 
SCHRAM & DIXON 2004), as they are extinct and, thus, ex-
hibit some morphological conditions not present in extant 
species (e. g. WALOSSEK & MÜLLER 1990; WALOSSEK 1993; 
WALOSZEK et. al 2007), but also in adding ontogenetic in-
formation to phylogenetic analyses (e. g. FELDER et al. 1985; 
HØEG 1992; WALOSSEK 1993; WALOSSEK & MÜLLER 1998; 
OLESEN 2007).
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