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ABSTRACT 

Because of their high preservation potential and uses in foraging and defense, decapod 

crustacean dactyls (movable fingers of claws) are potentially excellent test subjects for an 

ongoing debate concerning the relative importance of top-down (predators) and bottom-up (prey) 

controls on morphologic diversification and evolution.  The utility of dactyls for inferring 

evolutionary patterns were evaluated using living and subfossil xanthoid crabs sampled from the 

southeast U.S. Atlantic and Gulf of Mexico coasts, and were used to: (1) distinguish the roles of 

selection and constraint on dactyl morphology through allometric and shape comparisons in the 

context of the crabôs phylogenetic relationships and inferred ecological similarities; (2) evaluate 

whether wear patterns can serve as proxies for diet and claw function; and (3) develop and 

evaluate a proxy for predation intensity on crabs that combines handedness reversal and 

predatory fracture frequencies.  Relationships among shapes, allometries, and wear patterns of 

dactyl outlines were quantitatively described by principal component analyses of elliptical 

Fourier descriptor coefficients.  Frequencies of dactyls with predatory fractures and handedness 

reversals were analyzed using logistic regression models.  

The results of this dissertation establish a means by which dactyls can be used in detailed 

evolutionary studies of predator-prey interactions in the fossil record.  Dactyls of xanthoid crabs 

were found to be shaped by recent selective pressures, as their shapes and allometries correspond 

more closely to their inferred ecological similarities than their phylogenetic relationships.  In 

addition, wear patterns along the occlusal surface of dactyls can be quantitatively described by 

outline-based morphometric techniques and used to infer both claw function and the degree of 

durophagy in crabs.  Predation intensities in subfossil and fossil crab assemblages also may be 

inferred by using frequencies of dactyl handedness reversals as proxies for nonlethal attacks and 
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predatory fractures as proxies for total attacks (both lethal and nonlethal).  Thus, the relative 

influence of top-down and bottom-up controls on dactyl evolution can be identified by 

correlating dactyl morphologies with evidence of predation either by crabs (wear patterns) or on 

crabs (handedness reversals and predatory fractures) using the most commonly preserved 

remains of living and/or fossil taxa.   
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CHAPTER 1. INTRODUCTION  
 

Decapod crustaceans are ubiquitous and often occur in extraordinary abundance in 

marine environments where their activities as bioturbators and predators control the abundance, 

size and structure of benthic communities (Knudsen, 1960; Brenchley, 1981; Menge, 1976; 

Posey, 1986; Silliman et al., 2004).  These qualities, in addition to their specialized appendages, 

complex behaviors, and commercial value (as food and as pests in aquatic fisheries and 

aquaculture), have made decapods the subject of numerous systematic, ecological, behavioral, 

and functional morphological studies.  

The fossil record of decapod crustaceans, however, is generally considered to be rather 

poor (Plotnick, 1986).  For instance, until recently (2001) only 4 of the more than 400 potentially 

preservable decapod species inhabiting coastal waters of Florida (Camp, 1998) have been 

reported as fossils (Portell and Agnew, 2004).  This under-representation is due to a combination 

of taphonomic and systematic biases.  Decapod exoskeletons disarticulate almost immediately 

following molting or death, with the less well-calcified portions being particularly prone to 

physical and biological destruction (Plotnick et al., 1990).  Most ongoing systematic research on 

fossil crabs, however, relies on whole-bodied specimens and complete carapaces (e.g., 

Feldmann, 1995; Feldmann et al., 1997, 1998, 1999, 2005; Karasawa and Fudouji, 2000; 

Schweitzer, 2000, 2001; Schweitzer and Feldmann, 1999, 2000; Schweitzer et al., 1999, 2000, 

2007; Vega et al., 2001; Feldmann and Portell, 2007; Feldmann and Schweitzer, 2007).  As a 

result of this mismatch between preferential preservation and systematic study, occurrences of 

decapods in fossil assemblages are likely to be greatly underreported, and when reported are 

often recorded only at high taxonomic levels (identified to family or order).  
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The fossil record of decapod crustaceans, however, is more complete than published 

records suggest.  Decapod chelae, particularly dactyls (the movable ófingerô or the crab claw), 

are heavily calcified and well represented in shell-rich fossil assemblages (Rathbun 1919, 1935; 

Nations, 1975; Collins and Morris, 1976; Bishop, 1986; Collins and Portell, 1998; Agnew et al., 

1999, 2001; Portell and Agnew, 2004).  In addition, claw remains can be identified to low 

taxonomic ranks. For example, Agnew (2001) demonstrated that 40% of 60 common living 

decapods currently inhabiting Florida coastal waters could be identified to species, and all taxa, 

except for xanthids, to genus with only a qualitative examination of dactyl morphology.  Agnew 

(2001) also was able to identify 10 fossil decapod species solely from dactyls collected from 

shell beds of the Plio-Pleistocene Caloosahatchee and Bermont formations. More recently, 

quantitative approaches using outline-based and geometric morphometrics have been employed 

to distinguish fingers of sibling species and hybrids of the stone crab Menippe (Agnew and 

Anderson, 2002), closely related species of Panopeus (Agnew and Anderson, 2006), and several 

other xanthoid genera included in this dissertation (see Chapter 2).  

Differential preservation of decapod claws in death and fossil assemblages is fortuitous 

because these remains hold the potential to be excellent subjects for evolutionary studies.  

Having multiple functions, decapod claws are likely shaped by numerous selective agents (e.g., 

Lee, 1995; Seed and Hughes, 1995).  Consequently, the sizes and shapes of decapod claws are 

diverse and their uses for feeding, defense, and display often are reflected in a number of distinct 

traits.  Dactyls may be particularly useful for studying evolution because they (1) are among the 

most common parts of decapods preserved as fossils, (2) constitute single functional units (i.e., 

levers), (3) are amenable to morphometric analysis, and (4) have overall shapes and occlusal 

geometries that often correspond highly with diet.  For example, crabs that feed on hard-shelled 
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prey (e.g., panopeids, and calappids) have dimorphic dactyls (Figure 1.1 (a, b)) with which the 

major dactyl is used to crush shells, and the minor dactyl manipulates objects and possibly 

captures fast-moving prey (Schenk and Wainwright, 2001).  In these taxa, the major dactyl is 

larger, more robust, and more strongly curved, giving this dactyl a higher mechanical advantage 

than the minor.  In addition, the major dactyl possesses broad, blunt molariform teeth at its base 

that are typically used to crush the shells of prey (Schenk and Wainwright, 2001).  Crabs that 

feed on fast-moving prey such as portunids, have fairly equal dactyls that are long and straight, 

and have low mechanical advantages (Figure 1.1 (c)).  Portunid dactyls also are equipped with 

sharp triangular teeth.  Detritus and algae-feeding crabs, such as the majids, tend to have 

isomorphic dactyls with low mechanical advantages, spoon-shaped tips, and nearly smooth 

occlusive margins (Figure 1.1 (d)). 

Despite the association of specific claw traits with diet, the forces shaping the evolution 

of claws have not been examined. For example, the morphologic diversity of claws could be 

controlled by natural selection (Lee, 1995; Freire et al., 1996; Rebach and Wowor, 1997; Schenk 

and Wainwright, 2001), constraints that limit or regulate phenotypic variation available for 

selection (e.g., Taylor, 2001), or the interplay of the two.  Furthermore, the relative importance 

of selective pressures related to mate competition, mate choice, feeding, and defense are 

unknown.   

In this dissertation, I seek to develop new proxies that will allow the causes of claw 

evolution to be inferred, and that can be applied to dactyls of both living and fossil decapod 

crustaceans.  For example, Chapter 2 examines the roles of selection and constraint on dactyl 

evolution through allometric comparisons of dactyls from nine living xanthoid taxa in the 

context of their phylogenetic relationships and inferred ecological similarities.  In general, crab  
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Figure 2.1.  Outlines of the inner face of minor (left) and major (right) dactyls illustrating typical 

size and shape dimorphism for the (a) panopeids (Panopeus herbstii), (b) calappids (Calappa 

sp.), (c) portunids (Ovalipes sp.), and (d) majids (Libinia sp.).  
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taxa with similar diets or ecologies should have dactyls with similar allometric trajectories if 

morphology is under the control of selection, whereas constraints are implicated if allometric 

similarities among dactyls of different taxa reflect phylogenetic relationships.  Figure 1.2 

illustrates phylogenetic relationships (a, pruned from Schubart et al., 2000) and inferred 

ecological similarities of adults (b) and juveniles (c) among the nine taxa studied (for an 

explanation of how the ecological dendograms were constructed see section 2.1.6).  Results of 

this research indicate that xanthoid dactyl morphology is primarily controlled by current 

selective pressures because their shapes and allometries match their inferred ecological 

similarities rather than their phylogenetic relationships.  

           
a                                                  b                                              c        

 

Figure 1.2.  (a) Molecular phylogeny, pruned from the work of Schubart et. al., 2000 reported in 

Figure 2.2 and inferred ecological relationships of adults (b) and juveniles (c) among the study 

taxa.   

 

Chapters 3 and 4 evaluate newly developed proxies for inferring predation by and on 

fossil crabs, respectively.  As both predators and prey, crabs could provide an important test to 

an ongoing controversy in paleobiology concerning the roles of top-down (predators) and 

bottom-up (prey) controls on morphologic diversification and evolution (Vermeij, 1987, 1994, 

2002; Dietl and Kelley, 2002).  Although studies of predation in the fossil record generated by 

this controversy have contributed greatly to our knowledge of predator-prey interactions over 

geologic timescales, the relative importance of top-down (predation) and bottom-up (primary 
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producers) evolutionary controls remains unknown because most of this research focuses only on 

prey animals (e.g., Anderson, 1992; Kelley, 1992; Kelley and Hansen, 1996; Alexander and 

Dietl, 2003).  As a result, the adaptive responses of prey to varying predation pressures is 

relatively well known, but the evolutionary effects of prey on predator morphology and behavior 

is little documented. 

To provide a tool for inferring prey-related selective pressures on fossil dactyls, Chapter 

3 evaluates wear patterns on recent and subfossil dactyls as a proxy for diet using three species 

of portunid crab (mud crabs) that vary in the type and amount of hard shell prey (mollusks, 

barnacles) they consume.  In this chapter, scanning electron microscopy is coupled with outline-

based morphometric techniques to capture and quantify use-induced wear on dactyls from 

laboratory-raised, live-captured, and subfossil crabs (see Figure 1.3).  Results indicate that dactyl 

wear can be used to infer both claw function and degree of durophagy in living, subfossil, and 

fossil assemblages of crabs.  Wear caused by shell crushing can be distinguished from other 

sources of dactyl variation or alteration and quantitatively described using morphometric 

techniques.  Regions along dactyl occlusal margins involved in shell crushing may be identified 

by the distribution of wear, whereas degree of durophagy can be inferred by comparisons with 

unworn dactyls and among assemblages with similar molt stages. 

In chapter 4, I develop two proxies that, in combination, can infer predation intensity on 

fossil crabs, and therefore could be used to test the role of predators in shaping dactyl evolution.  

These proxies are handedness reversals, which quantify sublethal attacks, and predatory scars, 

which indicate total predatory attacks (lethal and sublethal), using data from a laboratory 

predation experiment using Panopeus obesus and subfossil dactyls of P. herbstii, P. obesus, and 

Dyspanopeus texanus (see Figure 1.4).  Predation intensity in fossil crabs can be calculated by  
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Figure 1.3.  Representative SEM images of unworn (A) and worn (B) dactyls of Panopeus 

herbstii (1, 2), P. obesus (3, 4), and P. lacustris (5, 6).  A1, A2. P. herbstii dactyl from South 

Carolina life assemblage.  A3, A4. Dactyl from molt of laboratory-raised P. obesus.  A5, A6.  P. 

lacustris dactyl from Ohio Key life assemblage. B1, B2. P. herbstii dactyl from South Carolina 

subfossil assemblage.  B3, B4.  P. obesus dactyl from west Florida subfossil assemblage. B5, B6.  

P. lacustris dactyl from Ohio Key subfossil assemblage. 
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Figure 1.4. Representative SEM images of fractured dactyls inferred to be from crab predation 

on the claw. Panopeus obesus dactyls recovered following cannibalism experiment (a-d) (see 

Chapter 4). Subfossil P. herbstii dactyl from Charleston, S.C. (e, f).  Subfossil P. obesus from 

Engelwood, FL (g).  Subfossil Eurypanopeus depressus from New Smyrna Beach, FL (8).     
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subtracting frequencies of nonlethal claw loss from predatory fracture frequencies.  Predation 

intensities calculated from handedness reversals and predatory fractures matched the predation 

intensities predicted between genera (i.e., higher predation intensities in Eurypanopeus) and 

across latitudes (i.e., higher predation intensities in lower latitudes), and thus this method of 

inferring predation intensities may be reliable, but should be further refined by future work 

before it is applied to the fossil record. 

In summary, the results of this dissertation research demonstrate that dactyl morphology 

is shaped by recent selection related to diet and is, therefore, a functional unit appropriate for 

top-down/bottom-up studies in evolutionary paleoecology.  In addition, wear patterns on the 

occlusal surface of dactyls can be used to infer the relative proportion of hard-shelled prey in the 

diet of crabs, although care must be taken to ensure that (1) wear is identified and distinguished 

from other sources of variation or alteration, and (2) comparisons of wear are made among 

similar molt stages.  Finally, although the results indicate that predation intensities can be 

determined by the difference in handedness reversal and predatory fracture frequencies, 

predation intensities calculated using this method (i.e., Chapter 4 results) should be confirmed by 

experimentally measured predation intensities.  Clearly, crab dactyls have the potential to be 

critical test subjects for future paleobiological/paleoecological studies. 
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CHAPTER 2. ROLE OF SELECTION AND CONSTRAINT ON DACTYL 

MORPHOLOGY IN XANT HOID CRABS 
 

2.1 Introduction  

Decapod crustacean claws are excellent potential candidates for detailed evolutionary 

studies.  Having multiple functions, decapod claws potentially are affected by numerous 

selective agents (e.g., Lee, 1995; Seed and Hughes, 1995).  Consequently, the sizes and shapes of 

decapod claws are diverse and their uses for feeding, defense, and display often are reflected in a 

number of distinct traits that are unique to specific selective pressures.  Claw dactyls (movable 

fingers) have great potential for studying evolution because they (1) are among the most 

common parts of decapods preserved as fossils, (2) constitute single functional units (i.e., levers), 

(3) are amenable to morphometric analysis, and (4) have overall shapes and occlusal geometries 

that often correspond highly with diet.  For example, crabs that feed on hard-shelled prey have 

dimorphic dactyls (e.g., panopeids, and calappids; Figure 2.1 (a, b)).  For these taxa, the major 

dactyl is used to crush shells, whereas the minor dactyl manipulates objects and possibly 

captures fast-moving prey (Schenk and Wainwright, 2001). As a result, the major dactyl is 

larger, more robust, and more strongly curved than the minor.  In addition, the major dactyl has 

well-developed broad, blunt, basal molariform teeth, and a high mechanical advantage.  Crabs 

that feed on fast-moving prey (e.g., portunids ), have fairly equal, long, straight dactyls with low 

mechanical advantages and sharp triangular teeth (Freire et al., 1996) (Figure 2.1 (c)).  Detritus 

and algae-feeding crabs, such as the majids, tend to have isomorphic dactyls with low 

mechanical advantages, spoon-shaped tips, and nearly smooth occlusive margins (Figure 2.1 

(d)). 
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Figure 2.1.  Outlines of the inner face of minor (left) and major (right) dactyls illustrating typical 

size and shape dimorphism for the (a) panopeids (Panopeus herbstii), (b) calappids (Calappa 

sp.), (c) portunids (Ovalipes sp.), and (d) majids (Libinia sp.).  

 


