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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).

6. References

AHYONG, S. T. & O’MEALLY, D. (2004): Phylogeny of the Decap-
oda Reptantia: Resolution using three molecular loci and 

Prinect Color Editor
Page is color controlled with Prinect Color Editor 4.0.74
Copyright 2008 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: HDM sRGB Profile.icm
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: HDM sRGB Profile.icm
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Turn R=G=B (Tolerance 2.0%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: no
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: no
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no




 HAUG ET AL., DEVELOPMENT IN MESOZOIC SCYLLARIDS 109

morphology. – The Raffles Bulletin of Zoology, 52 (2): 673–
693.

ANGER, K. (2006): Contributions of larval biology to crustacean 
research: a review. – Invertebrate Reproduction and Devel-
opment, 49: 175–205.

BEURLEN, K. (1930): Vergleichende Stammesgeschichte. Grund-
lagen, Methoden, Probleme unter besonderer Berücksichti-
gung der höheren Krebse. – Fortschritte der Geologie und 
Paläontologie, 8: 317–586.

BOMFLEUR, B., KERP, H. & ŠIMŮNEK, Z. (2007): A composite 
fluorescence micrograph of a complete pinnule of Autunia 
conferta. – In: ELICKI, O. & SCHNEIDER, J. W. (eds.): Fossile 
Ökosysteme. – Wissenschaftliche Mitteilungen des Instituts 
für Geologie der TU Bergakademie Freiberg, 36: 17.

DAMES, W. (1886): Ueber einige Crustaceen aus den Kreide-
ablagerungen des Libanon. – Zeitschrift der Deutschen Geo-
logischen Gesellschaft, 38 (3): 551–576.

DAVIE, P. J. F. (1990): A new genus and species of marine cray-
fish, Palibythus magnificus, and new records of Palinurellus 
(Decapoda: Palinuridae) from the Pacific Ocean. – Inverte-
brate Taxonomy, 4: 685–695.

DIXON, C. J., AHONG, S. T. & SCHRAM, F. R. (2003): A new hy-
pothesis of decapod phylogeny. – Crustaceana, 76: 935–
975.

FELDER, D. L., MARTIN, J. W. & GOY, J. W. (1985): Patterns in 
early postlarval development of decapods. – In: WENNER, A. 
M. (ed.): Larval growth: 163–225; Rotterdam, Boston (A. A. 
Balkema Publishers).

FÖRSTER, R. (1973): Untersuchungen an oberjurassischen Palinu-
ridae (Crustacea, Decapoda). – Mitteilungen der Bayeri-
schen Staatssammlung für Paläontologie und historische 
Geologie, 13: 31–46.

FÖRSTER, R. (1984): Bärenkrebse aus dem Cenoman des Libanon 
und dem Eozän Italiens. – Mitteilungen der Bayerischen 
Staatssammlung für Paläontologie und historische Geolo-
gie, 24: 57–66.

FÖRSTER, R. (1985): Evolutionary trends and ecology of Meso-
zoic decapod crustaceans. – Transactions of the Royal Soci-
ety of Edinburgh, 76: 299–304.

FRICKHINGER, K. A. (1999): Die Fossilien von Solnhofen, vol. 2. 
190 pp.; Korb (Goldschneck).

GARASSINO, A. & SCHWEIGERT, G. (2006a): The Upper Jurassic 
Solnhofen decapod crustacean fauna: review of the types 
from old descriptions (infraorders Astacidea, Thalassinidea, 
and Palinura). – Memorie della Società Italiana di Scienze 
Naturali e del Museo Civico di Storia naturale in Milano, 34 
(1): 1–64.

GARASSINO, A. & SCHWEIGERT, G. (2006b): Cretasergestes 
 sahelalmae n. gen., n. sp. (Crustacea, Decapoda, Sergestoi-
dea) and Cancrinos libanensis n. sp. (Crustacea, Decapoda, 
Palinuroidea) from the Upper Cretaceous (Cenomanian) of 
Lebanon. – Atti della Società italiana di Scienze naturali e 
del Museo civico di Storia naturale in Milano, 147 (1): 69–
78.

GEORGE, R. W. (2006): Tethys origin and subsequent radiation of 
the spiny lobsters (Palinuridae). – Crustaceana, 79 (4): 397–
422.

GOLDSTEIN, J. S., MATSUDA, H., TAKENOUCHI, T. & BUTLER, M. J. IV 
(2008): The complete development of larval Caribbean spiny 
lobster Panulirus argus (LATREILLE, 1804) in culture. – Jour-
nal of Crustacean Biology, 28 (2): 306–327.

GURNEY, R. (1942): The larvae of the decapod crustacea. 306 pp.; 
London (The Ray Society).

HAUG, J. T., MAAS, A. & WALOSZEK, D. (submitted): †Hen-
ningsmoenicaris scutula, †Sandtorpia vestrogothiensis gen. 
et sp. nov. and heterochronic effects in early crustacean evo-
lution. – Transactions of the Royal Society of Edinburgh.

HAUG, J. T., HAUG, C. & EHRLICH, M. (2008): First fossil stomato-
pod larva (Arthropoda: Crustacea) and a new way of docu-
menting Solnhofen fossils (Upper Jurassic, Southern Ger-
many). – Palaeodiversity, 1: 103–109.

HØEG, J. T. (1992): The phylogenetic position of the Rhizocepha-
la: are they truly barnacles? – Acta Zoologica, 73: 323–326.

HOLTHUIS, L. B. (2006): Revision of the genus Arctides HOLTHUIS, 
1960 (Crustacea, Decapoda, Scyllaridae). – Zoosystema, 28 
(2): 417–433.

MAAS, A., WALOSZEK, D. & MÜLLER, K. J. (2003): Morphology, 
ontogeny and phylogeny of the Phosphatocopina (Crustacea) 
from the Upper Cambrian “Orsten” of Sweden. – Fossils and 
Strata, 49: 1–238.

MCWILLIAM, P. S. (1995): Evolution in the Phyllosoma and Puer-
ulus Phases of the Spiny Lobster Genus Panulirus WHITE. – 
Journal of Crustacean Biology, 15 (3): 542–557.

MIKAMI, S. & GREENWOOD, J. G. (1997): Complete Development 
and Comparative Morphology of Larval Thenus orientalis 
and Thenus sp. (Decapoda: Scyllaridae) Reared in the Labo-
ratory. – Journal of Crustacean Biology, 17 (2): 289–308.

MÜNSTER, G. GRAF ZU (1839): Decapoda Macroura. Abbildung 
und Beschreibung der fossilen langschwänzigen Krebse in 
den Kalkschiefern von Bayern mit XXX nach der Natur 
gezeichneten Tafeln. – Beiträge zur Petrefaktenkunde, 2: 
1–88.

OLESEN, J. (2007): Monophyly and phylogeny of Branchiopoda, 
with focus on morphology and homologies of branchiopod 
phyllopodous limbs. – Journal of Crustacean Biology, 27: 
165–183.

PALERO, F., CRANDALL, K. A., ABELLÓ, P., MACPHERSON, E. & PAS-
CUAL, M. (2009): Phylogenetic relationships between spiny, 
slipper and coral lobsters (Crustacea, Decapoda, Achelata). 
– Molecular Phylogenetics and Evolution, 50 (1): 152–162.

PASINI, G. & GARASSINO, A. (2009): A new phyllosoma form (De-
capoda, ?Palinuridae) from the Late Cretaceous (Cenoma-
nian) of Lebanon. – Atti della Società italiana di Scienze 
naturali e del Museo civico di Storia naturale in Milano, 150 
(1): 21–28.

POLZ, H. (1972): Entwicklungsstadien bei fossilen Phyllosomen 
(Form A) aus den Solnhofener Plattenkalken. – Neues 
Jahrbuch für Geologie und Paläontologie, Monatshefte, 1972 
(11): 678–689.

POLZ, H. (1973): Entwicklungsstadien bei fossilen Phyllosomen 
(Form B) aus den Solnhofener Plattenkalken. – Neues 
Jahrbuch für Geologie und Paläontologie, Monatshefte, 1973 
(5): 284–296.

POLZ, H. (1984): Krebslarven aus den Solnhofener Plattenkal-
ken. – Archaeopteryx, 2: 30–40.

POLZ, H. (1995): Ein außergewöhnliches Jugendstadium eines 
palinuriden Krebses aus den Solnhofener Plattenkalken. – 
Archaeopteryx, 13: 67–74.

POLZ, H. (1996): Eine Form-C-Krebslarve mit erhaltenem Kopf-
schild (Crustacea, Decapoda, Palinuroidea) aus den Soln-
hofener Plattenkalken. – Archaeopteryx, 14: 43–50.

PORTER, L. M., PÉREZ-LOSADA, M. & CRANDALL, K. A. (2005): 
Model-based multi-locus estimation of decapod phylogeny 
and divergence times. – Molecular Phylogenetics and Evolu-
tion, 37: 335–369.

ROGER, J. (1946): Les invertébrés des couches a poisons du Cré-
tacé supérieur du Liban. – Mémoires de la Société Géolo-
gique de France, 12 (51): 1–92.

SANTINI, F. & TYLER, J. C. (2004): The Importance of Even High-
ly Incomplete Fossil Taxa in Reconstructing the Phyloge-
netic Relationships of the Tetraodontiformes (Acanthomor-
pha: Pisces). – Integrative and Comparative Biology, 44: 
349–357.

SCHOLTZ, G. & RICHTER, S. (1995): Phylogenetic systematics of 

Prinect Color Editor
Page is color controlled with Prinect Color Editor 4.0.74
Copyright 2008 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: HDM sRGB Profile.icm
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: HDM sRGB Profile.icm
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Turn R=G=B (Tolerance 2.0%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: no
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: no
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no




110 PALAEODIVERSITY 2, 2009 

the reptantian Decapoda (Crustacea, Malacostraca). – Zoo-
logical Journal of the Linnean Society, 113: 289–328.

SCHRAM, F. R. (2001): Phylogeny of decapods: moving towards a 
consensus. – Hydrobiologia, 44: 1–20.

SCHRAM, F. R. & DIXON, C. J. (2004): Decapod phylogeny: addi-
tion of fossil evidence to a robust morphological cladistic data 
set. – Bulletin of the Mizunami Fossil Museum, 31: 1–19.

SCHRAM, F. R. & HOF, C. H. J. (1998): Fossils and the interrela-
tionships of major crustacean groups. – In: EDGECOMBE, G. D. 
(ed.): Arthropod Fossils and Phylogeny: 233–302; New York 
(Columbia University Press).

SCHRAM, F. R., HOF, C. H. J., STEEMAN, F. A. (1999): Thylaco-
cephala (Arthropoda: Crustacea?) from the Cretaceous of 
Lebanon and implications for thylacocephalan systematics. 
– Palaeontology, 42 (5): 769–797.

SCHWEIGERT, G. (2007): Ammonite biostratigraphy as a tool for 
dating Upper Jurassic lithographic limestones from South 
Germany – first results and open questions. – Neues Jahr-
buch für Geologie und Paläontologie, Abhandlungen, 245: 
117–125.

SEKIGUCHI, H., BOOTH, J. D. & KITTAKA, J. (1996): Phyllosoma 
larva of Puerulus angulatus (BATE, 1888) (Decapoda: Pal-
inuridae) from Tongan waters (Note). – New Zealand Jour-
nal of Marine and Freshwater Research, 30: 407–411.

TSANG, L. M., MA, K. Y., AHYONG, S. T., CHAN, T. Y. & CHU, K. H. 
(2008): Phylogeny of Decapoda using two nuclear protein-
coding genes: Origin and evolution of the Reptantia. – Mo-
lecular Phylogenetics and Evolution, 48: 359–368.

VEGA, F. J., NYBORG, T., BRICENO, A. R., PATARROYO, P., LUQUE, J., 
MUZQUIZ, H. P. & STINNESBECK, W. (2007): Upper Cretaceous 
Crustacea from Mexico and Colombia: Similar faunas and 
environments during Turonian times. – Revista Mexicana de 
Ciencias Geologicas, 24 (3): 403–422.

VILLAMAR, D. F. & BRUSCA, G. J. (1988): Variation in the larval 
development of Crangon nigricauda (Decapoda: Caridea), 
with notes on larval morphology and behavior. – Journal of 
Crustacean Biology, 8 (3): 410–419.

WALOSSEK, D. (1993): The Upper Cambrian Rehbachiella and the 
phylogeny of Branchiopoda and Crustacea. – Fossils and 
Strata, 32: 1–202.

WALOSSEK, D. & MÜLLER, K. J. (1990): Upper Cambrian stem-
lineage crustaceans and their bearing upon the monophyletic 
origin of Crustacea and the position of Agnostus. – Lethaia, 
23: 409–427.

WALOSSEK, D. & MÜLLER, K. J. (1998): Cambrian ‘Orsten’-type 
arthropods and the phylogeny of Crustacea. – In: FORTEY, 
R. A. & THOMAS, R. H. (eds.): Arthropod Relationships: 139–
153; London (Chapman & Hall).

WALOSZEK, D., MAAS, A., CHEN JUN-YUAN & STEIN, M. (2007): 
Evolution of cephalic feeding structures and the phylogeny 
of Arthropoda. – Palaeogeography, Palaeoclimatology, Pa-
laeoecology, 254: 273–287.

WILLIAMSON, D. I. (1969): Names of the larvae in the Decapoda 
and Euphausiacea. – Crustaceana, 16: 210–213.

Addresses of the authors:
JOACHIM T. HAUG, CAROLIN HAUG, DIETER WALOSZEK, ANDREAS MAAS, Workgroup Biosystematic Documentation, University of Ulm, 
Helmholtzstr. 20, 89081 Ulm, Germany
E-mail: joachim.haug@uni-ulm.de
http://www.core-orsten-research.de/
MATTHIAS WULF, Alte Iphöfer Straße 1, 97348 Rödelsee, Germany
GÜNTER SCHWEIGERT, Staatliches Museum für Naturkunde Stuttgart, Rosenstein 1, 70191 Stuttgart, Germany
E-mail: schweigert.smns@naturkundemuseum-bw.de

Manuscript received: 16.1.2009, accepted: 20.4.2009.

Prinect Color Editor
Page is color controlled with Prinect Color Editor 4.0.74
Copyright 2008 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

You can view actual document colors and color spaces, with the free Color Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: HDM sRGB Profile.icm
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: HDM sRGB Profile.icm
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Saturation
Black Point Compensation: no

Turn R=G=B (Tolerance 2.0%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: no
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: no
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
Colors to knockout: no
Gray to knockout: no
Pure black to overprint: no
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: yes
Delete "All" Colors: no
Convert "All" to K: no



