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Cuticle microstructure as a new tool in systematic paleontology
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Abstract

Fossil decapod cuticle has received little systematic study. The

purpose of the present note is to survey the cuticle architecture

ofeleven extant decapod crabs arrayed within ten families, and

to develop a classification scheme of cuticle types suitable for

describing fossil and Recent decapod cuticle morphology.

Introduction

Cuticle and taxonomy

Microstructure ofskeletal elements provides a new

dimension to the interpretation of fossil material

previously described only in a macro-morphologi-

cal manner. Recent work with brachiopods and

bivalves has successfully used microstructure to

solve taxonomic problems (Schneider & Carter

2001; Tschudin 2001; Williams & Holmer, 2002).

Initial examination of decapod cuticle microstruc-

ture has shown considerable variation that has im-

portant implications for systematic paleontology

(Waugh & Feldmann 2002, work under way) (Fig.

10-

Taxonomy of fossil decapods is based largely

on the morphologic features of the dorsal carapace

because of its high preservation potential. Impor-

tant linkages have been made between ‘hard’ and

‘soft-part’ morphology, helping reconcile differ-

ent classification schemes proposed by decapod

systematists working with extant and fossil mate-

rial (Schweitzer & Feldmann 2000; Schweitzer,

2003). This work shows that certain ‘hard parts’

may be used as proxies fortaxonomy based on ‘soft-

part’ morphology. Cuticle morphology may help

to further bridge the gaps between classifications

based on extant and fossil material. Cuticle micro-

structure is often preserved and has been recog-

nized in arthropod material as old as Cambrian

(Dalingwater et al., 1991). Observation of fossil

Fossil decapod cuticle has received little system-

atic study; notableexceptions are Feldmann& Tshu-

dy (1987), Plotnick (1990), Briggs et al. (1998),

Feldmann & Gazdzicki (1998), Vega et al. (1998)

and Haj & Feldmann (2002). Thus, cuticle struc-

ture can be thought of as a dimension of fossil and

extant arthropod morphology that has remained

untapped. The purpose of the present note is to

survey the cuticle architecture of eleven extant de-

capod crabs arrayed within ten families, and to

develop a classification scheme of cuticle types

suitable for describing fossil and Recent decapod
cuticle morphology. The ultimate goal of under-

standing and using the microstructure of cuticle as

a taxonomic character, especially at higher taxo-

nomic levels, is to use cuticle to test and refine

Phylogenies of fossil decapods. Additionally, it

might be possible to incorporate fragmentary fos-

sil material into studies that previously have relied

°n specimens large enough to identify from tradi-

tional external characteristics, thereby helping to

realize the true diversity of fossil decapod assem-

blages. Clearly, study of decapod cuticle is likely
to be very helpful to many areas ofpaleontological

research, even though the topic has, to date, re-

ceived little attention.
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material shows that many of the cuticular charac-

ters are preserved (Feldmann & Gazdzicki, 1998;

Haj & Feldmann, 2002). By developing a new sys-

tem of classifying structures within cuticle, an en-

tirely new set of characters can be incorporated into

systematics.

To date, studies have not described cuticle in a

manner permitting direct comparison. The present

study is the first step in addressing this issue. The

term analytical is used in the sense of Hageman et

al. (1998), in that the cuticle has been subdivided

into its component parts for classification. This

classification, based on specific character states for

features identified in cuticle, will allow for more

comprehensive comparison of cuticle across and

within taxa. It must be noted that this is a classifi-

cation of cuticle morphology, not a phylogenetic

classification. Furthermore, the samples used in this

study, although diverse, are not sufficient to per-

mit drawing final taxonomic conclusions. The out-

come of this work is a preliminary classification
scheme for cuticle morphology; it is neither a com-

prehensive cuticle study, nor a phylogenetic clas-

sification of the Decapoda.

Classes of character traits identified in extant

material and used in the Analytical Cuticle Classi-

fication Scheme include: surface ornament(less than

1 mm), internal morphology of tubercles, calcifi-

cation style, and nature of the outermost layer of

the cuticle (epicuticle) (Waugh & Feldmann, 2002).

More classes of characters exist but have not been

fully developed into usable character states. Char-

acter states in each class will be expanded as more

material is studied. There are caveats, however. The

molting cycle complicates the observation of cu-

ticle microstructure. Cuticle may vary spatially on

an individual, and it may also vary with instar and

within each instar. This variation has not yet been

examined.

Conclusion

Variation in cuticular construction and architecture

is much greater than previously thought. Cuticle

structure cannotbe adequately compared across large

numbers of taxa without a system of classification

that can be coded numerically. The analytical clas-

sification scheme presented here will make such

comparisons possible.
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Scanning electron micrographs (1-3) and interpretative sketches to show variation in the formation ofbumps or nodes on the

cuticle surface; I - involvement ofepi-, exo-, and endocuticle, with a pronounced node in the endocuticle; 2
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involvement ofepi-,
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-

involvement ofall three cuticle layers to produce a low node.

Fig. I.
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