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The preservation of fossil decapod crusta-
ceans depends in large part on the composi-
tion and structure of the cuticle, the noncel-
lular tissue comprising the exoskeleton that is 
molted during growth. The cuticle comprises 
not only the external integument of the body 
and appendages but the linings of the esoph-
agus, foregut, and hindgut (Watling, 2013); 
the gills and gill chambers (Olesen, 2013); 
a variety of cuticular outgrowths, such as 
setae and ornamentation (Garm & Watling, 
2013; Waugh, 2013); and internal folds and 
processes (apodemes) for muscle attachment 
(McLaughlin, 1980). The physical and 
chemical properties of the cuticle vary with 
location, function, and stage within the molt 
cycle. These variations have a direct impact 
on the taphonomy of decapods. 

COMPOSITION  
AND STRUCTURE

The decapod cuticle, especially that of 
brachyurans, is the most intensively studied 
among the crustaceans. As in other arthro-
pods (Neville, 1975), the decapod cuticle 
is a noncellular, multilayered, hierarchically 
organized, variously thick layer secreted by 
an underlying epithelial layer of cells, the 
hypodermis (Roer & Dillaman, 1984; 
Dillaman & others, 2013), which together 
comprise the integument (Dalingwater & 
Mutvei, 1990). The structure of cuticle in 

extant decapods has been detailed as a layered 
structure comprised of, from exterior to inte-
rior, the epicuticle, exocuticle, endocuticle, 
and membranous layer (Roer & Dillaman, 
1984; Dillaman & others, 2013) (Fig. 1). 
The epicuticle forms the outermost layer and 
is an extremely thin layer with a waxy surface, 
a weakly calcified layered region, and an 
amorphous lower zone at the interface with 
the exocuticle. The exocuticle is a layered 
structure formed by a chitinous network 
serving as a template for precipitation of 
calcium salts, primarily calcium carbonate. 
The endocuticle is the lowermost calcified 
layer within the cuticle. It is distinguished 
from the exocuticle by possessing thicker 

Fig.1. Generalized intermolt decapod cuticle. Adapted 
from Hadley (1986) and Feldmann & Tshudy (1987).
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rotation of the stacks. The layering varies in 
thickness and is typically composed of thick 
layers in the endocuticle and thinner layers 
in the exocuticle in lobsters, mud shrimp, 
and crabs, but thinner layers in endocu-
ticle and thicker layers in the exocuticle in 
shrimp (Fig. 2). This pattern of layering 
may be well preserved in fossil forms and 
has been described in detail by Feldmann 
& Gaździcki (1998). 

Although earlier studies identified the 
biomineralogic component of the decapod 
cuticle as calcite (Dudich, 1931), more 
recent work has identified amorphous calcium 
carbonate as a major constituent (Dillaman 
& others, 2013; Mergelsberg & others, 
2019). Crystalline calcite can vary between 
low and high magnesium calcite, depending 
on taxon and body region (Fay & Smith, 
2021; Plotnick & McCarroll, 2023). In 
addition to calcium and magnesium, there can 
also be appreciable amounts of phosphorus 
(Vrazo & others, 2018), which has also 
been documented in branchiopods (Hegna, 
Czaja, & Rogers, 2020) and stomatopods 
(Plotnick & McCarroll, 2023).

layers. The lowermost cuticular layer, the 
membranous layer, is not mineralized. In 
fossil forms, only the endocuticle and exocu-
ticle are commonly preserved.

The fundamental units of the cuticle are 
minute fibers (fibrils) comprised of organic 
chitin, a polymer composed of poly-N-
acetylglucosamine, a polysaccharide related 
to cellulose. These fibrils are wrapped in 
protein to form nanofibrils that in turn 
are clustered into long fibers, which can 
aggregate into sheets where the long axes 
of the fibers are parallel (Raabe & others 
2005; Dillaman & others, 2013). The layers 
within the exocuticle and endocuticle are 
made by the stacks of these chitin-protein 
sheets in much the same arrangement as 
that of plywood, each of which is rotated 
relative to the adjacent layers (Dillaman 
& others, 2013), with a slight rotation 
between each sheet (“twisted plywood” or 
Bouligand pattern) (Bouligand, 1972). 
The spacing between consecutive sheets 
oriented at 180° to each other produces the 
observed layering (lamellae) in the cuticle. 
Internal arches within cut lamellae reflect the 

Fig. 2. Thin sections of decapod cuticle from the branchial region; 1, Penaeus sp. (Dendrobranchiata); 2, Grimothea 
quadrispina (Benedict, 1902) (Anomura); 3, Callinectes sapidus Rathbun, 1896 (Eubrachyura). Bars at far left 
indicate exocuticle (black), endocuticle (white), and membranous layer (grey). Left column in plain polarized light 
and right column is cross-polarized light. Adapted from Amato & others (2008, figs.1A, B; 2E).
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The degree of mineralization varies in 
different regions of the cuticle so that the 
arthrodial membranes and chitinous internal 
structures tend to be uncalcified. Likewise, 
the degree of calcification of cuticular layers 
may vary within different taxa. In shrimp, 
the cuticle may be completely uncalcified 
and is generally less well calcified than cuticle 
of crabs or lobsters (Amato & others, 2008).  
Uncalcified cuticles, being primarily organic, 
should decay readily. In the case of arthrodial 
membranes, decay leads to disarticulation of 
the sclerites (Briggs & Kear, 1994). 

As is characteristic of arthropods in 
general, the carapace is periodically shed 
in order to facilitate growth. The process in 
decapods involves continuous change in the 
cuticle from fully formed and calcified to the 
period of molting when calcium salts have 
been removed, the carapace is reduced in 
thickness, and the carapace is shed concomi-
tant with formation of the new cuticle. 
The sequence of events involves reduction 
of the epicuticle and endocuticle in pre-
molt phases and eventual loss of the cuticle 
(Roer & Dillaman, 1984; Dillaman & 
others, 2013). Formation of the new cuticle 
proceeds from development of the epicuticle 
and exocuticle at the end of the intermolt 
stage (apolysis) as the old cuticle is eventu-
ally lost. Subsequent development of the 
endocuticle and hardening of the carapace 
occurs by addition of calcium salts in the 
exocuticle and endocuticle. The preserva-
tion potential of the cuticle should thus vary 
during the molt cycle. 

Waugh (2013) noted that several styles 
of nodes, pits, and other structures are 
expressed on the surface of the cuticle of 
fossils and are defined by internal structures 
arising in the endocuticle or exocuticle that 
may or may not penetrate from one layer to 
another (Fig. 3). Decapod cuticle surfaces 
have been characterized based upon size of 
structure, depth of depression, and pres-
ence of perforations (Table 1; Fig. 4, 5). 
Thus, different expressions of the surface 
of the endocuticle and exocuticle may be 
preserved in fossil cuticle (Fig. 4, 5). The 
different styles of exposure of the fossils may 
reveal different cuticular surfaces which, in 
turn, may exhibit different morphologies. 
The three surfaces most frequently defining 
exposed fossil decapods are the mold of the 
interior of the cuticle representing the inner 
form of the lower surface of the endocu-
ticle, the upper surface of the endocuticle, 
and the upper surface of the exocuticle. 
These different surfaces may reveal very 
different fine detail of pits, nodes, bumps, 
and ridges (Fig. 6). Thus, it is essential that 
the identification of the cuticular surface 
upon which the morphology is described is 
clearly noted. Because surface ornamenta-
tion often is considered to be of systematic 
significance, differences in morphology may 
be interpreted as defining different species 
even though they are simply differences in 
structure manifested on different cuticle 
layers. The surface of the endocuticle is 
frequently considered to be the surface of 
the specimen because the interface between 

Fig. 3. Scanning electron micrographs of extant decapod cuticle, with interpretive drawing at lower right; 1, node 
in endocuticle (center) extending into exo- and epicuticle; 2, epicuticle and endocuticle only; 3, all three cuticular 
layers. Dotted layer in drawing = endocuticle, horizontally lined layer = exocuticle, plain layer = epicuticle. Adapted 
from Waugh & Feldmann (2003, fig. 1).
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Fig. 4. SEM photomicrographs of surface cuticular features; see text for definitions of structures, all taxa extant 
unless otherwise indicated; 1, low nodes, Cancer borealis Stimpson, 1859 (Eubrachyura); 2, low isolated nodes, 
Dorippoides facchino (Herbst, 1785) (Eubrachyura); 3, high nodes, Arcania elongata Yokoya, 1933 (Eubrachyura); 4, 
inclined nodes, Umalia misakiensis (Sakai, 1937) (Raninoida); 5, inclined node in a depression, Notosceles ecuadorensis 
(Rathbun, 1935) (Raninoida); 6, inclined node in pit, Raninoides louisianensis Rathbun, 1933 (Raninoida); 7, arcs, 
Xantho hydrophilus (Herbst, 1790) (Eubrachyura); 8, warts, Paralomis granulosa (Hombron & Jacquinot, 1846) 
(Anomura); 9, turrets, Panulirus argus (Latreille, 1804) (Achelata); 10, fungiform hexagonal, Eucorystes carteri 
(M’Coy, 1854) (Raninoida, Cretaceous); 11, fungiform rounded, Symethis variolosa (Fabricius, 1787) (Raninoida); 
12, setal nodes, Astacus astacus (Linnaeus, 1758) (Astacida). Adapted from Waugh (2013, p. 117, fig. 2).
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Fig. 5. Surface cuticular features; see text for definitions of structures; all taxa extant unless otherwise indicated; 
1, amber-tipped feature on node just to the right of white box, Panulirus argus (Latreille, 1804) (Achelata); 2, 
amber-tipped features, Aegla platensis Schmitt, 1942 (Anomura); 3, dissected surface, Symethis variolosa (Fabricius, 
1787) (Raninoida); 4, continuous ridges, Grimothea johni (Porter, 1903) (Anomura); 5, broken ridges, Petrolis-
thes eriomerus Stimpson, 1871 (Anomura); 6, isolated ridges, Lepidopa deamae Benedict, 1903 (Anomura); 7, 
perforations, Antrimpos undenarius Schweigert, 2001 (Dendrobranchiata, Jurassic); 8, pits, Lyreidus tridentatus 
De Haan, 1841 (Raninoida); 9, multistage pits, Atergatis floridus (Linnaeus, 1767) (Eubrachyura); 10, pits with 
nodes and perforations, Raninoides bouvieri Capart, 1951 (Raninoida); 11, islands, Coenobita brevimanus Dana, 
1852 (Anomura); 12, polygons/cracks, Hemigrapsus nudus (Dana, 1851) (Eubrachyura). Adapted from Waugh 
(2013, p. 121, fig. 3).
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the endocuticle and exocuticle acts as a 
plane of weakness, particularly in specimens 
preserved in concretionary structures (Fig. 
7). Thus, the inclusion, if at all possible, of 
the definition of the cuticle layers and their 
different surface morphologies is important 
in morphological descriptions.

PRESERVATION
Fossil decapods may be preserved in a 

range of sediments from fine siliciclastics 
to lithographic limestones and volcanic ash 
(and in a remarkable case, in amber [Luque 
& others, 2021]). Because the remains of 
decapods tend to be fragile, the best preser-
vation generally is found in finer sediments 
or in concretionary structures (Bishop, 
1986). It is within these sediments that 
relatively complete, articulated specimens 
may be observed (Fig. 8). Coarse clastic 
sediments tend to be deposited in environ-
ments characterized by relatively high wave 
or current activity and probable transport 
from living site to site of deposition. This 
results in comminution of the decapod 
remains resulting in disarticulation of the 
exoskeleton, crushing of the most fragile 
cuticle parts, and ultimate preservation of 
only the most durable elements. In many 
cases, claw elements, propodi and dactyli, 
are the most common remains (Mutel & 
others, 2008) (Fig. 9).

Preservation within concretionary struc-
tures results when organisms, typically 
corpses, are buried rapidly and are encased 
within the sediment as decomposition of the 
organic material induces a lithified aureole 
of sediment around the specimen (Fig. 10). 
Specimens preserved in this fashion tend to 
retain their original convexity and typically 
exhibit faithful detail of their morphology.

Fine-grained sediments, silt and clay, tend 
to be deposited in quieter water regimes 
characterized by a minimum of transport 
from living site to site of deposition. Under 
these conditions, specimens may come to 
rest on the seafloor as complete or nearly 

complete skeletons. Entire corpses or molted 
carapaces in which the delicate arthrodial 
membranes have not entirely deteriorated, 
and the articulated hard parts are not sepa-
rated, may be difficult to distinguish from 
one another (Fig. 11). Following burial, 
dewatering of the sediments and compaction 
resulting from overburden pressures tend 
to compress the specimens in fine-grained 
sediments. When this occurs, fine details 
of the anatomy may be superimposed upon 
one another or obscured (Fig. 11). Alterna-
tively, preservation in expandible clay may 
result in fracturing of specimens, producing 
a septarian structure (Fig. 12).  

Although not common, preservation 
within volcanic ash is excellent. The accu-
mulation of volcanic ash in lakes and shallow 
marine habitats can result in rapid death and 
burial of organisms which, upon compac-
tion, can preserve fine structural details (Fig. 
13). If the ash is relatively fresh and reactive, 
the organic material may be dissolved, and 
the remains will be confined to molds of the 
interior of the carapace.

Preservation of decapods under the variety 
of conditions discussed above affects the 
resultant chemistry of the cuticle. Such 
cuticle can be preserved exhibiting nearly 
pristine chemistry (Vrazo & others, 2018) 
(Fig. 14). Specimens in this state are typically 
tan or amber in color. To our knowledge, no 
patterns of color have been described.

Introduction of iron and magnesium solu-
tions during diagenesis may result in black 
to dark blue cuticle, which permineralizes 
the tissue, replacing the original chemical 
composition of the cuticle, but retaining 
fine details of the structure (Fig. 15). Partial 
solution of the cuticle may result in preserva-
tion of a chalky remnant that may preserve 
some of the detail of the layered structure 
(Fig. 16). 

Under conditions of diagenesis in which 
chitinous material is unstable, the carapace 
material may be completely dissolved, and 
the resulting fossil is confined to a mold of the 
interior or a mold of the exterior (Fig. 17).  

Cuticle Feature Description
Low nodes Low, broad elevations that are wider than high; may be circular or ovate 

(Fig. 4.1)
Low, isolated nodes Similar to low nodes but more broadly spaced and smaller in diameter 

(Fig. 4.2)
High nodes Elevations that are higher than wide; may be asymmetrical; lack hair or 

perforation (Fig. 4.3)
Inclined nodes Node erupted at low angle to cuticle so its base is not fully defined 

around its circumference; usually directed anteriorly; may be nearly 
parallel to cuticular surface or directed upward (Fig. 4.4–4.6); may be 
adjacent to a depression (Fig. 4.5) or within a circular pit (Fig. 4.6) 

Arcs Small arcuate projections of the cuticular surface, usually asymmetrical 
in cross-section (Fig. 4.7)

Warts Elevations on the cuticular surface with a verrucose surface, with setal 
hairs or perforations around the base (Fig. 4.8)

Turrets Arcuate elevations with an array of anteriorly directed perforations or 
setal hairs along the anterior surface; larger and more equant than arcs 
(Fig. 4.9)

Fungiform 
hexagonal

Nodes in which the base is narrower than the top, resembling a 
mushroom; each node in contact with neighboring nodes (Fig. 4.10)

Fungiform circular Nodes in which the base is narrower than the top, resembling a 
mushroom; adjacent node tops not touching one another (Fig. 4.11)

Setal nodes Nodes with a hair or perforation at its tip; node usually inclined 
anteriorly (Fig. 4.12)

Amber-tipped 
features

Small, amber-colored regions of variable shape, ranging from barely 
elevated to termination of larger nodes (Fig. 5.1, 5.2)

Dissected surface Surface with depressed regions of large size and irregular shape (Fig. 5.3)
Ridges Ridges of cuticle that may be continuous across the surface, broken into 

discrete segments that remain laterally adjacent, or found in isolated 
clusters (Figs. 5.4–5.6)

Perforations Small holes penetrating the upper surface of the cuticle; almost always 
associated with a setal hair except in fossils where not preserved (Fig. 5.7)

Pits Ovate or circular depressions of the surface, without a perforation (Fig. 5.8)
Multistage pits Pits as above in the case where the pits exist in multiple discrete size 

classes; it is hypothesized that these result from conservation and 
enlargement of existing pits during subsequent molting; all contain a 
central perforation (Fig. 5.9)

Pits with nodes Pits with a node emanating from the posterior margin (Fig. 5.10)
Pits with nodes and 
perforations

Like pits with nodes but with a perforation within the pit (Fig. 5.10)

Islands Regions of cuticle delimited by reticulate network of linear depressions; 
differentiated from polygons/cracks in larger size and more irregular 
pattern (Fig 5.11)

Polygons/Cracks Cuticular surface with narrow grooves or cracks forming a reticulate 
pattern (Fig. 5.12)

Table 1. Surface features of decapod cuticle.*

* Adapted from WAUGH (2013).
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TAPHONOMY
Cuticle preserved in the fossil record 

thus can be subjected to both chemical and 
physical alteration. Because different parts 
of the cuticle can be variously calcified, 
entire parts of the external anatomy can 
be lost either by separation of regions as 
membranous connective tissue weakens or 
as loss of entire regions of the exoskeleton 
that are less calcified. These observations 

have been tested by experimental tapho-
nomic studies (Schäfer, 1972; Plotnick, 
1986; Plotnick, Baumiller, & Wetmore, 
1988; Briggs & Kear, 1994; Mutel & 
others, 2008). Mutel & others (2008) 
reported the effects of placement of Calli-
nectes sapidus Rathbun, 1896, in an array 
of depth, water chemistry, and submer-
sion time in sites in the Gulf of Mexico 
and the Bahamas (Parsons & others, 
1997; Parsons-Hubbard & others, 1999). 
Although rates and amount of fragmenta-
tion varied at different sites, the degree of 
calcification as an indicator of preservational 
potential of regions was clearly evident 
(Fig. 18). Movable fingertips, mandibles, 
and anterolateral spines were preferentially 
present after 8 years of submersion. The 
V-notch in the finger indicates the presence 
of less well-calcified cuticle in that part of 
the finger (Fig. 18).    

Chemical components within the cuticle 
of fossil decapods have received little atten-
tion (Vrazo & others, 2018; Plotnick & 
McCarroll, 2023) (Fig. 19). Plotnick 
& McCarroll (2023) found that apatite 
apparently wholly replaced calcite in some 
fossil crabs, whereas Vrazo & others (2018) 
found evidence of both minerals in crabs 
from the Upper Cretaceous Coon Creek 
Lagerstätte. 

Although some decapod exoskeletons 
are preserved in their entirety, others 
become separated into regional units. As 
a general rule, regions can be ranked in 
descending order of preservational potential 
from chelipeds, cephalothorax, pleon and 
telson, pereiopods, and cephalic append-
ages. Because of this differential probability 
of preservational potential, coupled with 
separation of skeletal elements, taxonomic 
identity may be based on different regions, 
which makes precise relationships among 
and between taxa difficult or impossible. As 
a result, many species are based on isolated 
cephalothoraxes or chelipeds.

As a result of differential calcification 
of the exoskeleton, it is far more likely to 
find decapods preserved only as chelipeds 
than as entire bodies (Mutel & others, 

Fig. 6. Differential appearance depending on presence 
of cuticle; 1, Cycloprosopon stenofrons Schweitzer & 
Feldmann, 2010, NHMW 2007z0149/0049, C = 
cuticle, MI = mold of the interior of the cuticle; 2–3, 
Antonioranina fusseli (Blow & Manning, 1996), CM 
18558, dorsal carapace (2) and close-up of frontal 
region (3). Exo = exocuticular surface, Endo = endocu-
ticular surface.  
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2008). Carapaces are frequently preserved 
either as molted remains separated from 
the remainder of the exoskeleton or as  
well-calcified structures dissociated from a 
corpse after being subjected to mechanical 
attrition. Distinguishing between decayed 
corpses and molted remains is difficult in 
many cases. Burial of a dead organism as 
a corpse is interpreted when the animal is 
preserved more or less in its entirety, with 
all regions articulated in life position. Molts 
are often characterized by preservation of 
skeletal remains associated with one another 
in the so-called Salter’s position (Fig. 20) 
or dissociated from one another. Because a 
single individual molts several times through 
its lifetime, it is probable, in the absence 
of other evidence, that most fossils repre-

sent molts. Molted remains may also be 
recognized by examination of the cuticle 
structure. Because exsolution of the cuticle 
during the molt cycle results in differential 
loss of the endocuticle, molted remains may 
be anticipated to have thinner and more 
flexible cuticle.

Predation on decapod remains may result 
in loss of some body parts differentially. 
Extant lobsters, for example, are subject to 
a host of predators that are not present in 
their nonmarine counterparts. Cephalopods 
have been demonstrated to prey on lobsters 
by differentially attacking the telson and 
pleon regions, possibly to avoid the chelipeds 
and to gain access to the fleshier parts of 
the animal (Tshudy, Feldmann, & Ward, 
1989). This approach may result in dissocia-
tion of the pleon from the cephalothorax. 
This attack has been demonstrated experi-
mentally (Fig. 21).

Fig. 7. 1, Part (bottom) and counterpart (top) of cuticle of Orbitoplax tuckerae Schweitzer, 2000, showing 
separation of exocuticle and endocuticle upon splitting crab-bearing concretion open; 2, same specimen, showing 
loss of epi- and exocuticle in which counterpart has been removed. Adapted from Waugh & others (2004, fig. 4).

Fig. 8. Chasmocarcinus seymourensis Feldmann & 
Zinsmeister, 1984, USNM 365455, preserved in 
concretion. Scale bar = 1 cm.

Fig. 9. Distal elements of major cheliped and chela of 
minor cheliped, Callianopsis clallamensis (Withers, 
1924), USNM 490217. Scale bar = 1 cm.
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Figures 10 –21 appear after  
the end of the References section.  
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Fig. 10. Concretion containing Palaeonephrops browni (Whitfield, 1907), KSU D2068, with surrounding aureole. 
Adapted from Feldmann & others (2012, fig. 5).

Fig. 11. Shrimp, Bylgia spinosa Münster, 1839, with superimposed pereiopods BSPG AS VII 713. Scale bar = 1 cm.
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Fig. 12. Lobulata lobulata (Feldmann & others 1995), 
KSU D 3177, preserved in expandable clay, Danian, 
Argentina. Scale bar = 1 cm.  

Fig. 15. Dark-colored replacement of cuticle of Palaeo-
nephrops browni (Whitfield, 1907), KSU D2068 with 
endocuticular layers; thin-section under crossed nicols.

Fig. 13. Austromunida casadioi Schweitzer & Feld-
mann, 2000, KSU D 3179,  preserved in volcanic ash, 
25 de Mayo Formation, Argentina, with well-preserved 
sternal elements and appendages. Scale = 1 cm.

Fig. 14. Pulalius vulgaris (Rathbun, 1926), KSU D 
3178, undegraded cuticle, Eocene, Washington, speci-
men donated to KSU by B. Thiel. Scale = 1 cm.
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Fig. 16. Chalky endocuticle (Endo) and exocuticle 
(Exo) on Trichopeltarion greggi Dell, 1969, KSU 
D2106. Scale = 1 cm.

Fig. 17. Mold of interior of carapace, Dromiopsis rugosus 
(Schlotheim, 1820), KSU D801a. Scale bar = 1 cm.

Fig. 18. Callinectes sapidus Rathbun, 1896, remains after 8 years deployed in the Gulf of Mexico. 
V = V-notch in movable finger; M = mandibles; S = anterolateral spines. Adapted from Mutel & 
others (2008, fig. 3D).
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Fig. 19. Elemental spectra (EDS) of surface of cuticle of 1, Penaeus sp. (Dendrobranchiata, shrimp); 2, Homarus 
americanus H. Milne Edwards, 1837 (Astacida, lobster); 3, Callinectes sapidus Rathbun, 1896 (Eubrachyura, crab).
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Fig. 20. Trachysoma robusta (Feldmann & McPherson, 1980), in Salter’s position, 
Jurassic, Canada. Scale bar = 1 cm.

Fig. 21. Nautilus macromphalus Sowerby, 1849, eating pleon of Panulirus longipes 
A. Milne-Edwards, 1868 (arrow). Adapted from Tshudy & others (1989, fig. 1).  
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