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The oldest “intermetamorphic” larva of an achelatan
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Achelatan lobsters, also known as spiny and slipper lobsters, develop via a highly specialised larval form. This special
larva, phyllosoma, is flat, translucent, possesses elongate legs and can grow to enormous sizes. Although these larvae
may appear very fragile, they are well-known as fossils. Thousands of specimens have been found in the lithographic
limestone of Southern Germany (Tithonian, Upper Jurassic, about 150 mya). At least three types of fossil, but modern-appearing phyllosoma larvae are known. Additionally, fossil larvae that possess only some of the characters of modern-day
phyllosoma larvae are known from the same Lagerstätte, but also from the younger limestone beds of Lebanon. Here we
report a new achelatan fossil from the older Posidonia Shale (Toarcian, Lower Jurassic, 175–183 mya). The specimen
shows certain characters of a phyllosoma larva, but other characters appear like those of post-phyllosoma stages of
achelatan lobsters. This specimen is therefore the oldest occurrence of an achelatan lobster larva. We compare the new
specimen with other fossil larvae with such mixed or “intermetamorphic” morphologies.
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Introduction
Decapoda is a group of crustaceans that have a crucial impact on their ecosystems, but, in the case of edible forms,
are also important for the economy of certain areas. While
the many forms of adult representatives of Decapoda, such
as prawns, shrimps, lobsters, and crabs, are well-known to
most people, their larvae are less well-known to the public.
This is surprising, given the fact that these larvae are at
least as important as their adult forms. Only if the larva
survives, it will be able to become an adult. Ecologically,
larvae of Decapoda may even be more important than their
adult counterparts given their specific role in the marine
food web: they are part of the plankton, preying on smaller
plankton and being prey for larger organisms. Some of these
larvae reach enormous sizes, remain in the plankton for
a longer time span and moult into different larval stages,
in some cases more than ten distinguishable ones (Palero
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et al. 2014b). The probably most impressive examples are
the larval stages of achelatan lobsters, spiny lobsters and
slipper lobsters. These larvae are called phyllosoma and can
reach up to 150 mm in leg span (Johnson 1951; Palero et al.
2014a). The larvae are very flat, translucent and possess
long and thin legs (e.g., Palero et al. 2014a). All species have
very long larval phases during which they reach these extreme sizes (Marinovic et al 1994; Mikami and Greenwood
1997; Matsuda and Yamakawa 2000; Abrunhosa et al. 2008;
Kizhakudan and Krishnamoorthi 2014). To remain in the
water column despite their unusually large size, these larvae ride on jellyfish and other gelatinous macro-plankton
(Shojima 1963; Herrnkind et al. 1976; Ates et al. 2007).
While one might expect that fragile-appearing larval
forms such as a phyllosoma are impossible to be found as
fossils, quite the opposite is true. While we only have a
handful of larval forms of other groups of Decapoda, we
have literally thousands of fossils of phyllosoma larvae.
Most of these immature achelatan fossils originate from
https://doi.org/10.4202/app.00627.2019
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the Solnhofen-type lithographic limestone beds of southern Germany and have an age of about 150 million years
(Tithonian; Polz 1970, 1971, 1972, 1973, 1984, 1987, 1996;
Haug et al. 2011, 2014). The Cretaceous lithographic limestone of Lebanon have a comparable preservation potential and have provided us with some fossil phyllosoma-like
larvae of about 90 million years (Turonian) in age (Pasini
and Garassino 2009; Haug et al. 2011). Some remains of
compound eyes from the Lower Cretaceous of Brazil have
also been interpreted as possible parts of phyllosoma larvae
(Tanaka et al. 2009; see also Audo et al. 2019).
Yet, some of the fossil achelatan larvae from the lithographic limestone of Lebanon are not phyllosoma larvae
in the strict sense (Haug et al. 2013a). Also in the lithographic limestone of Southern Germany some more unusual larval forms of achelatan lobsters have been found.
These fossils have combinations of characters that occur in
modern phyllosoma larvae and other characters that today
only occur in post-phyllosoma stages of achelatan lobsters
(Polz 1995; Haug and Haug 2013, 2016; Haug et al. 2009,
2013a). More importantly, there are different types of such
larvae, each of them possessing different types of character combinations. This indicates that the diversity of larval
morphologies of achelatan lobsters was higher in the past
(Haug et al. 2013a). In an evolutionary frame, three possible
explanations for these intermediate types of morphologies
have been suggested. (i) Some specimens could represent
ontogenetic stages between the last phyllosoma stage and
the first true post-phyllosoma stage; hence, in these species the metamorphosis from the planktic phyllosoma to the
benthic forms seems to have occurred in more moult stages
than in modern forms; (ii) Some specimens could represent
the larvae of early representatives of Achelata that do not
possess the highly derived larval morphologies of extant
phyllosoma larvae; (iii) Some forms could also represent
paedomorphic adults. At least for case 1, likely candidates
have been identified (Haug and Haug 2016). Case 2 might
be more tricky to identify, as the modern-type phyllosoma
larvae seem to have co-occurred with the larvae with intermediate morphologies (Haug et al. 2013a). Case 3 appears to
be even more challenging to be identified.
Here we report a fossil larval achelatan lobster that is,
to our knowledge, the stratigraphically oldest fossil of such
a larva. Furthermore, it represents a larval form with an intermediate type of morphology. We discuss the implications
of this find.
Institutional abbreviations.—SMNS, Staatliches Museum
für Naturkunde, Stuttgart, Germany.

Material and methods
The single specimen in the focus of this study comes
from the Posidonia Shale (Posidonienschiefer Formation,
Toarcian, 175–183 mya) and was found in a now abandoned
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quarry at Gomaringen, Southern Germany. It is deposited
in the Staatliches Museum für Naturkunde Stuttgart under
repository number SMNS 70449.
The specimen was documented with a Keyence VHX6000 digital microscope. Cross-polarised coaxial light was
used for illumination, improving the contrast between fossil
and matrix significantly (e.g., Hörnig et al. 2014; Audo et
al. 2016 and references therein). The fossil was documented
as a composite image: each image detail was recorded with
a stack of images differing in focal planes and processed
into one sharp image. Adjacent image details were stitched
to a large panorama image. Additionally, unpolarised reflected light (ring illumination) was used to produce another
composite image. Of this, the virtual surface (cf. Haug et
al. 2013b) was reconstructed (based on depth-from-defocus
principles; built-in software). This was used to record snapshots under different angles. These images were assembled
to stereo-images to show the three-dimensional relief of the
fossil.

Systematic palaeontology
Achelata Scholtz and Richter, 1995
Remarks.—Based on the discussed characters, the specimen
can be recognised as an ingroup of Achelata, any further
interpretation is currently not possible and thus we refrain
from creating a new taxon on genus and species level for it.

Achelata gen. et sp. indet.
Figs. 1, 2.

Material.—SMNS 70449 (only known specimen), late larval stage with prominent exopods from Gomaringen near
Tübingen, Southern Germany, Neth quarry, Unterer Stein
Bed, Posidonienschiefer Formation (Posidonia Shale). Early
Toarcian, Harpoceras falciferum Zone (Riegraf et al. 1984).
The quarry is abandoned since decades and after renaturation the section is no longer exposed.
Description.—A late larval stage with prominent exopods,
but already adult-type body, proximal region of antenna
and endopods of posterior thoracopods. Rather small at this
stage with only about 20 mm main body length (Fig. 3B).
Incompletely preserved euarthropodan specimen; total
length of main body axis in anterior-posterior axis plus preserved parts of anterior projections slightly more than 20 mm
(Fig. 1A). Body elongate, about five times as long as wide
(maximum width). Body subdivided into three more or less
distinct regions. Anterior region without laterally projecting
appendages; middle region with prominent laterally projecting appendages; posterior region without appendages, but
subdivided into seven more or less distinct sections (Fig. 1B).
Anterior region of the body about as long as maximum
width of the body. Anterior rim of the anterior region as
wide as maximum body width, anterior region narrowing
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Fig. 1. Larva of Achelata gen. et sp. indet. (SMNS 70449), Toarcian, Lower Jurassic, Gomaringen, Southern Germany. A. Composite microscopic photograph under cross-polarised light. B. Colour-marked photograph indicating the visible structures. Abbreviations: ba, basipod; cx, coxa; e1–5, endopod
element 1–5; m3, maxilliped 3; p2–6, pleon segment 2–6; t4–8, thoracic appendages 4–8 (“pereiopods” 1–5).

posteriorly. Posterior rim of the anterior region about 80% of
the width of the anterior rim. Anteriorly with two projections
directed forward, apparently broken off, must have been significantly longer. Proximal width of projections more than
30% of the body width. Furthermore, two more structures
seen as faint impressions, most likely representing appendages, arise from close to the posterior rim of the anterior region. Thinner than the anterior projecting structures (hence
smaller diameter), about 20% of the maximum body width.
At least five times as long as wide. Proximally with a distinct
square-shaped region, set off from the further distal one.
Middle region of the body about twice as long as anterior region. Narrower anteriorly, widening posteriorly to
reach the maximum width in the middle (anterior-posterior
axis), and remaining as wide towards the posterior. Middle
region with five prominent appendages on each side, evenly
distributed along the lateral rim. All appendages apparently
sub-similar originally, yet in different states of preservation.
Maximum length of an appendage about 70% of the entire

body length excluding appendages; diameter about 25% of
the body width.
Overall appendage morphology with a proximal main
axis with two distinct elements (coxa and basipod). Coxa
slightly longer along proximal-distal axis than wide. Basipod
slightly longer than coxa. Basipod carrying two branches
distally, the more medially placed one presumably being the
endopod and the more laterally placed one presumably being
the exopod. Endopod clearly subdivided into five elements.
Proximal element of endopod (ischium) similar to basipod
in size. Endopod element 2 (merus) significantly longer,
about twice as long as preceding elements, more than twice
as long as wide, slightly curved. Endopod element 3 (carpus)
significantly shorter, slightly shorter than the coxa, also
more slender, slightly tapering distally. Endopod element 4
(propodus) longest of the series, slightly shorter than the
combined length of ischium and merus. About as slender as
carpus, slightly tapering distally. Endopod element 5 (dactylus) short, slender, inward curved, about as long as carpus,
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Fig. 2. Larva of Achelata gen. et sp. indet. (SMNS 70449), Toarcian, Lower Jurassic, Gomaringen, Southern Germany. A. Stereo-image showing original
relief of the fossil; based on virtual surface. B. Depth-inverted stereo-image showing morphologically correct relief in ventral view. Please use red-cyan
glasses to view A and B. C. Non-stereo image; colour-marked are the elevations of the thoracic sternum.

but only 50% of the diameter. Exopod not well preserved,
subdivision not apparent, slender. Maximum length of exopod at least as long as merus, but only about 50% of its
width (diameter).
Prominent appendage 1 without exopod, either as original
condition or not preserved/not visible . Prominent appendage 2 slightly longer than prominent appendage 1; also here
the presence of an exopod is unclear. Prominent appendage
3 smaller than preceding, i.e,. slightly shorter and more slender. The propodus of prominent appendage 3 is more slender
and tapering distally, the dactylus is almost as wide as the
distal edge of the propodus. Exopod present. Prominent appendages 4 and 5 progressively smaller, exopods present.
Posterior region of the body with seven more or less distinct sections. First section slightly narrower than middle region, more or less rectangular in dorsal-ventral view, short,
about 20% of the maximum body width. Second section
wider, slightly longer and very gently curving backwards.
Section 3 about as wide as section 2, slightly longer, even
more curved. Section 4 with similar dimensions as 3, but
even more curved. Section 5 longer, slightly narrower, also
appearing curved. Section 6 similar in dimensions to 5, but
appearing more rectangular again. Section 7 sub-similar to 6.
A small lobe-like structure protrudes from under section 7;
width about 30% of maximum body width, half as long as
wide.
Three-dimensional relief of specimen shows that the region between the prominent appendages is subdivided into
six structures (Fig. 2). Each appears as depression running

from the insertion region of one appendage to the corresponding one on the other side. The anteriormost one appears to be corresponding to the smaller appendage visible
in the anterior region.
Remarks.—The available structures preserved on the specimen provide us with enough information to allow a sound
systematic interpretation. The principle body organization
with an anterior region, i.e., head region, a middle region
with five pairs of prominent appendages and a posterior
trunk region with seven distinct sections, is best compatible
with the interpretation of the specimen as a representative
of Decapoda.
In this context, the anterior projections are best interpreted as massive antennae, and the superimposed appendages as the maxillipeds three (= thoracopods 3). Five pairs
of appendages of the middle region represent the posterior
five thoracopods (= pereiopods). The seven sections of the
posterior trunk are interpreted as the six pleon segments and
the telson, the lobe-like structure as a part of the uropods.
The posterior five thoracopods appear like robust walking appendages and indicate a position within Reptantia (the
group including lobsters and crab-like forms). This may be
further supported by the fact that the specimen is preserved
in dorso-ventral orientation, possibly indicating a certain
original compression of the body in this direction. The depressions in the median region would correspond to elevations in the thoracic sternum still indicating the individual
segmentation. There are six of these corresponding to the
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Fig. 3. Size comparison of different non-phyllosoma type achelatan larvae. All specimens as idealised restorations. The light grey areas represent body
parts not being preserved, but inferred. A. Polzicaris sahelalmae (based on Haug et al. 2013a). B. SMNS 70449. C. “Palinurina” tenera, earliest (C1)
and largest (C2) known stage (based on Haug and Haug 2016). D. Cancrinos claviger, earlier larva still possessing exopods (D1), later larva with exopods
already absent (D2), possible juvenile, yet without triangular sternum (D3) (D1, D2, based on Haug et al. 2013a; D3, based on Haug and Haug 2015).

segments bearing maxillipeds three and the five prominent
posterior thoracopods.
Among crustaceans of the group Decapoda the exopods,
i.e., the outer branches of biramous appendages, become
reduced during ontogeny when the organism settles to the
ground (e.g., Williamson 1969). The fact that exopods are
still present at least on some of the thoracic appendages at
a size of about 20 mm indicates that the specimen is a larval representative of Achelata. Modern larvae of Achelata
with biramous appendages can reach leg spans of 150 mm
(Johnson 1951; Palero et al. 2014a).
An identity as an achelatan lobster is further supported
by the fact that thoracopod 4 does not possess a chela, but a
simple curved dactylus and no finger-like extension of the
propodus (Scholtz and Richter 1995). An additional charac-

ter supporting this interpretation is that of the five prominent thoracopods the second one is slightly larger than the
first one (Scholtz and Richter 1995). The prominent anterior
broken-off appendages, best understood as the proximal
parts of the massive antennae, further support that the specimen is a representative of Achelata.
Overall, the specimen resembles non-phyllosoma-type
fossil larvae from the Mesozoic such as Polzicaris sahelalmae from the lithographic limestone of Lebanon (Turonian?,
about 90 million years old; Haug et al. 2011, 2013a) and especially “Palinurina” tenera Oppel, 1862 from the Solnhofen
lithographic limestone (Tithonian, about 150 million years
old; Haug and Haug 2016). This similarity accounts for
the overall body organisation, appendage morphology with
robust endopods, but retaining the exopods, and the ar-
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rangement of the thoracopod insertions, which is more oval/
circular than triangular (as in adult achelatan lobsters).
Unlike many achelatan lobsters developing via a stage
with intermediate morphology between phyllosoma-type
morphology and juvenile/adult-type morphology. Differing
from some other comparable forms by body shape. Differing
from Polzicaris sahelalmae (Fig. 3A), which is much larger
at a comparable stage and retains the specialised phyllosoma-type claw, which is absent in SMNS 70449. Differing
from “Palinurina” tenera mainly through size (Fig. 3C1,
C2), the smallest known stage of “Palinurina” tenera is
only sclerotised at its thoracic appendages, hence less far
sclerotised than SMNS 70449, but much larger (Fig. 3C1).
Specimens of “Palinurina” tenera with a comparable morphology to SMNS 70449 are even larger.

Discussion
The oldest larva of an achelatan lobster.—Based on the
preserved details, we can identify the new specimen as the
larva of an achelatan lobster. So far, fossil larvae of achelatan lobsters were only known from the lithographic limestone of Lebanon and Southern Germany and possibly from
Brazil. Hence, the new find represents the oldest report of
such a larval form.
The specimen has a morphology that is unknown from
any extant achelatan lobster, as it combines characters that are
in modern forms characteristic for phyllosoma-type larvae
(e.g., presence of exopods, circular arrangement of posterior
thoracopods) and post-phyllosoma stages (e.g., robust posterior thoracopod endopods, well developed and sclerotised
pleon). In its overall morphology it resembles some of the
intermediate stages known from the lithographic limestone
of southern Germany. Most strongly it reminds of the stages
of “Palinurina” tenera (Haug and Haug 2016), yet these are
significantly larger. The leg arrangement and the rough body
outline appear also quite similar to later immature stages that
have been interpreted as Cancrinos claviger (Haug and Haug
2013, 2015; Fig. 3D1–D3). Yet, the latter has already lost ontogenetically its exopods at a comparable body size.
Specimen SMNS 70449 is a new addition to the growing
group of fossil achelatan larvae with intermediate or “intermetamorphic” morphologies. It adds yet another subtle
variation concerning the combination of characters and an
additional size range, smaller than most of the known forms,
but larger than the exopod-bearing stages of C. claviger.
Given its age, the new larva is the oldest of these larvae, being about 30 million years older than any other known achelatan larva. It is also the second-oldest report of a eumalacostracan larva so far, the oldest candidate being of Triassic
age (Hyžný et al. 2016).
Evolutionary background.—As the new find is a single
specimen, it is not possible to clearly identify the evolutionary background explaining the intermetamorphic morphol-
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ogy of the larva. It is, of course, tempting that the oldest
known larva is not of the typical phyllosoma-type, but of
a mixed morphology type. Indeed, it could potentially represent a case of an evolutionary early larva that has only
evolved some morphological characteristics of modern
phyllosoma larvae, but not all of them. Yet, it will require
more specimens, ideally representing an ontogenetic sequence, to support or reject such an assumption.
Life habits.—Similar to other intermetamorphic forms, it
remains difficult to make any suggestion concerning the life
habits of the new specimen. Its appendages might possess
a certain ability to grab something, similar to a pseudochela, but lack the distinct type of phyllosoma grasping-type
chela known for example in Polzicaris sahelalmae. The
leg arrangement clearly speaks against a benthic life style,
walking would have been rather ineffective. Given the quite
small body size and the presence of exopods, the specimen
might have indeed lived as part of the plankton. Yet, as we
simply lack a comparable stage in modern forms, any assumptions remain speculative.
Associated crustacean fauna.—The crustacean fauna of
the Posidonia Shale of Southern Germany is not very diverse; fossils of crustaceans have been considered to be
rather rare (e.g., Fraaye and Jäger 1995). Among the known
forms (Fraaye and Jäger 1995; Schweigert 2001, 2018;
Schweigert et al. 2003; Audo 2016) are: (i) the lobster-like
fossils of Uncina posidoniae, reaching large sizes of almost
half a meter; (ii) numerous species of polychelidan lobsters
(nowadays only known from the deep sea), among them species of Proeryon, Tonneleryon, and Coleia (note that Audo
2016 doubted that Coleia sinuata is a valid separate species,
only its position in Polychelida was supported based on a
single known specimen); (iii) rare specimens of glypheidan
lobsters (a group nowadays only known by two genera from
relict areas); (iv) unclear records, among them a supposed
mantis shrimp and a supposed specimen of a hermit crab of
Palaeopagurus.
It seems that the new specimen is the first record of
the group Achelata in the Posidonia Shale of Southern
Germany. It is also the first example among crustaceans,
which possibly could have lived as part of the plankton.
All other records appear to have been benthic or at least
necto-benthic adults. With this, the new fossil also expands
the range of possible ecological roles among the crustaceans
from the Posidonia Shale.

Conclusions
The specimen reported here represents the oldest fossil record of an achelatan lobster larva. It possesses a mixture of
typical phyllosoma characters and post-phyllosoma characters, which has in this combination not been found in any
other achelatan larva to date. With this, it provides further
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important information on the different possible morphotypes of achelatan larvae, however, its evolutionary background can currently not be reconstructed reliably. As first
representative of achelatan lobsters in the Posidinia Shale
and as first possible planktonic crustacean from these deposits, it contributes important information to the systematic composition and ecological roles of the fauna in the
Posidonia Shale.
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