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Abstract 

 This study investigated the relationships between the brachyuran Callinectes sapidus 

chela bite force and morphological features, consisting of carapace width, propodus length, 

propodus width, propodus height, and area of the adductor apodeme.  Over the course of about 

seven months, Atlantic blue crabs were collected and observed for morphometric measurements 

and other characteristics, such as sex and handedness.  In addition, chela bite force was 

quantified for each claw using a bite force transducer.  Using single linear regression analyses 

and the Akaike information criterion (AIC), the relationships of chela crushing force and 

morphological features were examined.  When the maximum force values and the morphological 

values of both crusher and cutter chelae were combined within the same dataset, propodus height 

was determined to have the strongest correlation with maximum crushing force. However, when 

data from crusher and cutter chelae were examined separately, the best predictor of maximum 

crushing force was found to be propodus width. Analysis of covariance (ANCOVA) statistics 

were utilized to determine whether maximum crushing forces significantly differed between 

right and left handed crabs, crusher and cutter chelae, and males and females.  Force did not 

significantly differ between male and female chelae of the same propodus width, but did 

significantly differ between crusher and cutter chelae.  There was a significant interaction 

between handedness and claw type (P < 0.001); right-handed crabs generated higher crushing 

claw force; handedness was not apparent in cutter claws.  All C. sapidus reared individuals have 

been previously found to exhibit a right-handed crusher and left-handed cutter layout; however, 

when the crusher is lost, the left cutter transitions to a new crusher. The results of the significant 

interaction of chela type and handedness suggests that transitioned crushers exert a lesser force 

than an original right-handed crusher of the same size.  The largest chela bite force recorded in 

this study was a considerable 291.62 Newtons of force, exceeding any maximum crushing force 

measurements documented in previous literature and establishing a new upper limit of the 

crushing force C. sapidus could produce. 

Introduction 

The Atlantic blue crab (Callinectes sapidus) is a critically important commercial species 

found along most of the western hemisphere’s Atlantic coast, being found as far north as Nova 

Scotia and as far south as Argentina (Williams 1974).  In 2015, the National Marine Fisheries 

Service reported a combined hard and softshell landing of approximately 72,392 metric tons of 

Atlantic blue crab valued at over $237 million, making blue crabs the sixth most valuable U.S. 

domestic commercial species according to total value (Lowther and Liddel 2016).  While the 

conservation status of C. sapidus is of “least concern,” its populations in the Chesapeake Bay 

area, which is famous for its blue crab fishery, has greatly declined due to pollution, overfishing, 

and habitat and food loss (Pelton and Goldsborough 2008).  

It has been a recurring theme that populations of important commercial species have 

experienced anthropogenically-caused decline, resulting in huge strains on both the species’ 

existence and fishery.  More often than not, these declines are difficult to recover from due lack 

of preliminary information on the species’ life history and lifestyles that could ultimately 

improve conservation and rehabilitation effectiveness.  Because C. sapidus is particularly 



important commercially and is also a crucial component of Atlantic and Gulf coastline food webs 

(Fantle et al. 1999), it is sensible to study the life history, lifestyles, and evolution of the Atlantic 

blue crab.   

Arguably, the lifestyle of many brachyuran crabs, and decapod crustaceans in general, is 

influenced the most by the effectiveness of their chelae, or claws, in performing functions 

necessary to their survival and fitness, such as acquiring and defending mates, feeding, and 

combatting predators as well as competitors (Govind and Blundon 1985).  Among the order 

Decapoda, chela morphology has diversified to serve a wide variety of functions (Mariappan et 

al. 2000).  A rather successful morphological layout of C. sapidus and many other brachyurans is 

heterochely, where the left and right claws possess different morphological features in order to 

expand their range of functions (Govind and Blundon 1985). The larger major claw is often 

referred to as the crusher because it is used to crush mollusk or crustacean prey with sizeable 

amounts of force (Govind and Blundon 1985).  For example, the powerful crusher claw of the 

stone crab Menippe mercenaria is used to crush prey, predators, and competitors alike 

(Simonson and Steele 1981) and has been documented to produce crushing forces as large as 

about 2,000 kNm-2 (~290 PSI) (Blundon 1988).  On the other hand, the smaller minor claw is 

often called the cutter due to its function of tearing and slicing away flesh, but it typically 

generates force values two to three times less than the crusher (Govind and Blundon 1985).  

With this heterochelic morphology, blue crabs can either be right or left handed.  When blue 

crabs are reared and heterochely becomes apparent, all juvenile blue crabs are born with a right-

handed crusher and a left-handed cutter (Przibram 1931; Govind and Blundon 1985).  This same 

pattern of initial handedness is observed in many other brachyurans including the M. mercenaria 

(Simonson 1985).  Many arthropods have a defense mechanism called autotomy, in which a limb 

is purposely severed as a reflex to minimize damage to the rest of the animal and possibly help it 

survive (Simonson 1985).   When a right crusher of a blue crab is autotomized or otherwise lost, 

the left cutter transitions to a new crusher through several molts and the regenerating claw grows 

back in the form of a cutter (Simonson 1985).  This scenario results in a left-handed crab and is 

called reversal of handedness (Simonson 1985).  If a cutter is lost rather than the crusher, it 

regenerates into another cutter chela (Simonson 1985). 

Similar to M. mercenaria, the amount of chela crushing force of C. sapidus is a crucial 

measure of how capable the chelae are and how successful a crab can be with respect to both the 

individual and species levels (Schenk and Wainwright 2001).  Blue crabs often feed on bivalves 

and other shelled molluscs, but in order to reach the organism encased in the durable shells, the 

claws must be able to produce forces large enough to compromise the shell and either weaken 

the shell by creating stress fractures or by crushing the shell entirely (Blundon and Kennedy 

1982).  In the case of competition between other crabs for either mates, food, or territory, the 

stronger competitors can apply more crushing force and thus more damage to the challenging 

crab (Smith 1992).   

Blue crabs possess wiry chelae that are capable of producing sizable crushing force to 

facilitate these functions.  While not capable of producing nearly as much crushing force as the 

bulky chelae observed in M. mercenaria, C. sapidus is a member of the family Portunidae, which 

contains the swimming crabs, so their lighter, streamlined claws are modified in this way to 

allow the blue crab to move swiftly through the water without being slowed. Due to energetic 



 

and functional trade-offs between crushing force and mobility, it is reasonable to suggest that 

certain morphological features of blue crabs have been selected to maximize the magnitude of 

crushing force produced by chelae. Studying chelae and the maximum crushing force they can 

exert can provide understanding about the ecology and selective history of Atlantic blue crabs.  

In observing what certain morphological aspects of blue crabs contribute to or correlate with 

force production, the allometric (the scaling of body size and shape) relationships that exist 

between the form and function of various morphologies may be identified.  For instance, if force 

scales differently between the sexes or the different age classes of crabs, it may be possible to 

determine whether or not the claws play different roles for different demographics of blue crabs. 

 

Methodology 

Crab Collection and Retention  

The entirety of data collection on Callinectes sapidus was performed at the Florida State 

University Coastal and Marine Laboratory (FSUCML) in St. Theresa, FL, over about a one year 

period.  The combination of shallow sea grass beds, sandy and muddy bottom, and rows of 

saltmarsh grasses provided ideal habitats for a number of marine organisms including C. sapidus.  

At low tide, C. sapidus were captured by hand.  Over the course of eight sampling events spread 

throughout the year, a total of 86 Atlantic blue crabs were captured with 74 of those crabs 

producing valid measurements.   

Initially, the crabs were placed in large holding tanks with a maximum of ten crabs in 

each tank. Often the crabs displayed agonistic behavior towards one another, resulting in limb 

autotomy, claw and body damage, or cannibalism.  On two occasions, female crabs initiated 

molting and pairs commenced the mating process.  To prevent further interactions that would 

render the crabs incapable of providing data, each crab was separated within ventilated plastic 

trays on a seawater table.  Once these trays were utilized, no further incidents occurred.  All 

crabs were observed and measured within the day they were captured and released back into the 

FSUCML intertidal region.   

 
Force Data Collection 

This study utilized a bite force transducer constructed by Florida State University (FSU) 

graduate student Zach Boudreau for preceding studies on M. mercenaria.  This force transducer 

included two, parallel metal plates that were spaced apart and never came into contact with each 

other (Figure 1). When the bars are compressed together, unitless force values are relayed to a 

digital screen and displayed.  The force values were calibrated using various weights and could 

be then converted into imperial pounds (lbs.) and then into Newtons (N).   



 
 

 

 

 

 

 

 

 

Figure 1.  A diagram of the force transducer utilized in this study. The blue crabs would be induced to clamp the 
two parallel plates together resulting in a unitless force value being displayed on the digital screen. 
 

Each blue crab was individually induced to clamp onto the two metal plates one claw at a 

time.  A digital video camera placed in front of the force transducer and value screen recorded 

multiple values from the moment the claw clamped down on the bars to the moment the crab 

stopped producing non-zero force values.  This was performed for each claw of the crab and for 

every crab that was collected.  Because the force transducer was intended for use with mature 

stone crabs with large chelae, only blue crabs with a carapace width greater than 95.0 mm were 

large enough to properly grasp the spaced bars.  A resulting 74 blue crabs produced crushing 

force values. Later, the videos were examined for the maximum crushing force value produced 

by each claw.  

An obstacle that occurred on several occasions while measuring force was that the crabs 

would not clamp onto the transducer with their full capacity or would not grasp the apparatus at 

all.  Therefore, each crab was induced to clamp the device multiple times in order to reduce the 

extent to which individual variations in biting behavior and effort would bias the results or 

prevent maximum force values from being measured. 

In a previous study performed over 30 years ago, the crushing force produced by C. 

sapidus chelae was measured using a different apparatus – this time using two bars connected to 

a piston and oil-filled cylinder (Govind and Blundon 1985).  When the two bars were squeezed, 

the pressure of the cylinder would increase and would be measured by the pressure gauge of the 

cylinder.  The force would be calculated using the pressure value.  Unfortunately, the report did 

not include the overall maximum crushing force recorded, and instead included only the 

crusher’s average maximum bite force of approximately 42.8 N, as well as the cutter’s average 

(Govind and Blundon 1985).   

 

Identification of Sex and Handedness 

Male and female Atlantic blue crabs differ in physical appearance in multiple ways.  

Females possess claws that have red coloration at the tips of the dactyl and pollex, whereas 

males lack the red pigment (Baldwin and Johnsen 2012).  Sex can also be identified by the shape 

of the abdominal flap, or “apron,” on the ventral side of the crab (Gleeson 1980).  Females 

possess wide aprons suitable for carrying large masses of eggs; males on the other hand, have a 
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thin apron (Gleeson 1980).  Handedness was identified by various indicator      

morphological features and were recorded as either right or left handed depending on which one 

was the major crusher claw.  In the case of blue crabs, the major crusher chela typically has a 

greater propodus height and propodus width compared to its minor cutter chela counterpart, 

while propodus length varies very little (Govind and Blundon 1985).  In some cases, crabs were 

found with only one cheliped present and had to be identified by the dentition of the dactyl and 

pollex.  Crusher chelae typically have broad molariform dentition, whereas cutter chelae have 

thin triangular dentition.    

    

Measuring of Morphological Features  

The propodus is the majority of the claw and is an 

immovable structure that consists of the pollex, which is 

the immovable “finger” claw component, and the palm, 

which is the bulky component of the claw containing most 

of the muscle and the chela apodemes (Simonson and 

Steele 1981).  When a crab closes or opens its claw, it is 

only the dactyl that moves up or down.  The carapace 

width, propodus length, propodus height, and propodus 

width were measured from the points specified in Figure 2 

using a caliper (0.1 mm precision).    

Each chela possesses an abductor (opener) 

apodeme and an adductor (closer) apodeme.  An apodeme 

is an internal, flat component of the exoskeleton that 

serves as a site for joint muscle attachment (Govind and 

Blundon 1985).  Within the palm of the propodus, the 

apodemes would lie flat on the same two-dimensional 

plane displayed in Figure 2b.  The area of one side of 

the apodeme is proportional to the amount of attached 

muscle on that side (Govind and Blundon 1985). Once 

all force and chela measurements have been taken, each 

blue crab was assessed for whether a claw would be 

removed for the measurement of the internal adductor 

apodeme. The choice was based purely on discretion 

and whether the crab appeared to be fit enough to survive after being released with only a single 

cheliped present.  If a claw was chosen to be removed, a probe was inserted into the membrane at 

the carpus-merus joint and directed proximally towards the basi-ischium, inducing autotomy of 

the cheliped along the natural fracture plane in order to minimize the risk of damage to the claw 

or body cavity of the crab (Blundon 1988).  The removed claw is then carefully cut into using a 

Dremel rotary tool and cleaned as to reveal the adductor apodeme.  A photograph is taken of 

each apodeme alongside a ruler that serves as scale.  Each picture is then analyzed in the Image J 

computer program to determine the area of one side of the apodeme, which is then recorded in 

mm2.   

 

Figure 2. a) Dorsal view of C. sapidus 

carapace displaying carapace width (CW) 

measurement; b) lateral view of chela 

displaying propodus length (PL) and 

height (PH) measurements; c) dorsal view 

of chela displaying propodus width (PW) 

measurement. 
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Statistical Analyses 

Single regression analyses were performed for the variables of carapace width, propodus 
length, propodus height, propodus width, and area of the adductor apodeme.  For variables that 
may be dependent on the form of the chela (i.e. cutter or crusher), including propodus length, 
propodus height, propodus width, and area of the adductor apodeme, the force and 
morphological data of the crusher and cutter chelae were both included in the same regression 
analysis.   

In addition to the linear regression analyses, an Akaike information criterion (AIC) was 
performed for estimating the best model for predicting maximum crushing force when crusher 
chelae and cutter chelae were examined separately.  Once the best morphological predictor was 
identified, it was used as the covariate in analysis of covariance (ANCOVA) statistics, which 
were utilized to explore the effects of sex, handedness, and chela type on maximum crushing 
force.   

 
Results 

Crusher and Cutter Chelae Dimorphism 

 Two-sample t-tests were performed to examine the morphological dimorphism of crusher 

and cutter chelae features.  Both external and internal dimensions of the claws, such as propodus 

length, propodus height, propodus width, and area of the adductor apodeme, were examined in 

separate statistical models. Carapace width was excluded since it is independent of chela form.  

Table 1 displays the results of these models.  Additionally, the morphological measurements for 

each factor were averaged separately for crusher and cutter claws and represented as crusher-

cutter ratios.   

Table 1. Two-sample t-test results comparing the maximum crushing forces (MCF), propodus lengths (PL), 

propodus heights (PH), propodus widths (PW), and adductor apodeme areas (AA) of crusher and cutter chelae 

forms. 

 

 

 

 

 

 

 Significant differences between crusher and cutter morphologies were found for the 
factors propodus height (PH), propodus width (PW), adductor apodeme area (AA), and 
maximum crushing force (MCF).  There was no significant difference found between the 
propodus length averages of crusher and cutter claws.  Crusher-cutter mean ratios were greatest 
for maximum crushing force, adductor apodeme area, and propodus height.   

 

 

Factor 
Ratio of Means 
(Crusher/Cutter) 

t-Value P-Value (two-tail) 

PL 1.019 0.553 0.58124 

PH 1.206 6.076 1.88E-8* 

PW 1.107 3.179 0.0021* 

AA 1.238 23.156 1.1E-33* 

MCF 3.558 7.509 1.81E-11* 

*Interaction p-values found to be statistically significant (P<0.01). 



 

Morphology and Force Interactions 

Crusher chelae produced maximum crushing force values as large as 291.62 N and as 

little as 7.14 N with an average of 100.65 N. On the other hand, cutter maximum crushing force 

values peaked at 111.65 N and got as low as 1.29 N with an average of 28.27 N.  The overall 

average of MCF values was 66.98 N. 
 

Table 2. The single regression analyses of the maximum crushing force (MCF) and the five predictor variables 

carapace width (CW), propodus length (PL), propodus height (PH), propodus width (PW), and area of the adductor 

apodeme (AA). 

*Interaction p-values found to be statistically significant (P<0.01). 

Figure 3. Displays the interactions 

between a) the MCF of the crusher 

chela and CW, b) MCF and PL, c) 

MCF and PH, d) MCF and PW, and 

e) MCF and AA.   

 

 

 

Table 2 displays the results of the single regression analyses for maximum crushing force 

(MCF) and the five independent variables: carapace width (CW), propodus length (PL), 

propodus height (PH), propodus width (PW), and area of the adductor apodeme (AA).  Table 2 

also includes the linear regression equations and R2 values of the data plots shown in Figure 3.    

Independent linear regressions found that carapace width, propodus length, propodus 

height, propodus width, and area of the adductor apodeme were all significant predictors of 

maximum crushing force (Table 2).  Propodus height explained 56% of the variation in 

maximum crushing force; the most of any single factor.  Conversely, while still found to be 

statistically significant, the carapace width explained only about 9% of the variation in crusher 

maximum crushing force. 

Factor Regression Equation P-Value R2 

CW y = 1.2163x – 98.447 0.00057* 0.0882 

PL y = 3.0836x - 145.59 8.77E-9* 0.2302 

PH y = 12.783x - 187.65 5.86E-24* 0.5617 

PW y = 16.28x - 183.72 1.16E-11* 0.3953 

AA y = 0.3845x - 30.596 2.27E-6* 0.3752 
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Table 3. AIC results of the top five best morphological predictors of maximum crushing force for a) crusher chelae 
and b) cutter chelae. 

Number in Model C(p) R-Square AIC Variables in Model 

1 -0.8896 0.3012 276.91 PW 

2 0.6509 0.3118 278.37 PL PW 

2 0.9464 0.3050 278.72 PH PW 

2 0.9599 0.3046 278.73 PW AA 

2 1.1104 0.3012 278.91 PW CW 

  

To eliminate the effects of chela form and to determine the best morphological predictor 

of maximum crushing force, an AIC was performed separately for both crusher and cutter chelae 

datasets to account for all possible combinations of morphological interactions.  As seen in Table 

3a, the best morphological predictor of maximum crushing force when examining just the 

crusher chelae was propodus width (PW) with the lowest AIC value of 276.91.  In Table 3b 

displaying the AIC results for cutter chelae, propodus width was once again found to be the best 

morphological predictor of crushing force with the lowest AIC value of 93.47. 

 

Sex, Handedness, and Chela Type Interactions with Force 

With propodus width being determined as the best morphological predictor of maximum 
crushing force independently for both crusher and cutter chelae, it was used as the covariate in an 
ANCOVA to eliminate the effects of morphology on crushing force and to allow the examination 
of how crushing force interacted with crab sex and handedness, as well as with claw type (i.e. 
crusher or cutter).  A complete model with all the interactions was performed to explore patterns 
of sex, patterns of handedness, and patterns of chela type (Table 4).  The covariate, propodus 
height, was confirmed to have a significant relationship with maximum crushing force.  The 
main effect of chelae type (crusher and cutter) was significant (P<0.001), and the effect of 
handedness was marginally significant (P=0.09).  There was a significant interaction between 
chelae type and handedness (P<0.05).  There was no significant effect of sex in the model (P>0.6 
in all cases).   

 
 
 
 
 

Number in Model C(p) R-Square AIC Variables in Model 

1 -1.3697 0.6775 93.47 PW 

1 -0.5793 0.6510 94.65 AA 

2 0.0915 0.6956 94.60 PL PW 

1 0.1044 0.6282 95.60 PH 

2 0.2876 0.6890 94.92 PH PW 

a) 

b)

 



 

Table 4.  ANCOVA model for maximum crushing force, where propodus width was the covariate and handedness, 
sex, and chela type were examined as independent variables. 

Source DF Sum of Squares Mean Square F Value Pr > F 

PW 1 38538.95 38538.95 26.26 <.0001 

Type 1 17511.20 17511.20 11.93 0.0009 

Handedness 1 4259.20 4259.20 2.90 0.0921 

Sex 1 254.39 254.39 0.17 0.6782 

Type*Sex 1 703.45 703.45 0.48 0.4906 

Sex*Handedness 1 233.50 233.50 0.16 0.691 

Type*Handedness 1 6102.46 6102.46 4.16 0.0445 

Type*Sex*Handedness 1 384.05 384.05 0.26 0.6103 

Error 85 124737.97 1467.51     

Corrected Total 93 354921.06       

 
Because sex did not appear to display any significant interaction with crushing force, 

another model was performed with sex removed (Table 5).  In this reduced model, the results 
were qualitatively the same, with enhanced significance values, especially for the interaction 
between claw type and handedness (P<0.01).   

 
Table 5. ANCOVA model for maximum crushing force, where propodus width was the covariate. Only interactions 

between handedness and chela type were examined. 

Source DF Type III SS Mean Square F Value Pr > F 

PW 1 56741.03 56741.03 39.40 <.0001 

Type 1 31996.24 31996.24 22.22 <.0001 

Handedness 1 4430.62 4430.62 3.08 0.0829 

Type*Handedness 1 10885.14 10885.14 7.56 0.0072 

Error 89 128185.16 1440.28     

Corrected Total 93 354921.06       

 

Discussion 

Morphology and Force Interactions 

 In this experiment to determine which morphological feature best predicts the maximum 

crushing force of Callinectes sapidus chelae, propodus height provided the greatest R2 value and 

most significant p-value when data from both crusher and cutter chelae were included. The 

strong correlation between propodus height and maximum crushing force may be attributed to 

the propodus height strictly dictating the height of the adductor apodeme, which serves as an 

adductor muscle attachment site and thus affects the volume of muscles used to close the claw.   

Upon further investigation of crusher and cutter differences, large dimorphisms between the two 

forms of claws were found involving both propodus height and maximum crushing force.  Two 

sample t-tests were performed for both propodus height and crushing force to examine these 

dimorphisms between crushers and cutter chelae.  Both the propodus heights and crushing force 



values were found to be significantly different between crusher and cutter claws with p-values of 

1.88E-8 and 1.1E-11, respectively (Table 1).  These large differences exhibited between crusher 

and cutter height and force correspond closely with each other, most likely contributing to the 

resulting strongest relationship when crusher and cutter datasets were combined for analyses.  

However, in examining the dimorphism between the adductor apodeme areas found in crushers 

and cutter claws, it was also found to have a significant difference with a p-value of 1.1E-33 

(Table 1).  Despite this strong relationship, the area of the adductor apodeme values did not 

correspond as tightly with maximum crushing force when plotted as a linear regression (Figure 

3e), resulting in propodus height and propodus width having stronger interactions. 

 Propodus width was the second-best predictor and was most likely overshadowed by 

propodus height due to strong dimorphic correspondence with force that was consistent with 

both crusher and cutters. In these linear regression analyses where the crusher and cutter 

morphological and force values were included within the same dataset and analyses, the analyses 

mostly determined that there were great differences between chela form that were linked tightly 

with propodus height.  To isolate the effect of chela type, analyses were performed for crusher 

and cutter chelae separately using AIC, which examined every possible combination of 

morphological interactio ns.   

 For both crusher and cutter chelae, propodus 

width had the lowest AIC values (Table 3) and was 

determined to be the best morphological predictor of 

maximum crushing force.  Closer muscles do not run 

perpendicular to the adductor apodeme, which lies in the 

frontal plane of chelae.  Instead, when at rest, the muscles 

attach at an angle of pinnation relative to the apodeme in 

the proximal direction (Figure 4b) (Govind and Blundon 

1985).  Previous literature has found the mean angle of 

pinnation (Į) for C. sapidus to be about 45 degrees but 

had a range of 25 degrees (Schenk and Wainwright 

2001). Since the muscles are attached to the apodeme and 

the inside of the chela exoskeleton (running both distally-

proximally and left-to-right), both propodus length and 

propodus width determine the resting length of the muscles 

sarcomeres.  These results that propodus height best predicts 

maximum crushing force are surprising since increased 

muscle fiber length increases contraction velocity, but 

decreases muscle force (Josephson and Stokes 1999).  

Rather, increases in the cross-sectional area of the muscle 

fibers increases force.  The muscle composition and 

dynamics must be examined closer to explain this result.  

Nevertheless, maximizing propodus width relative to other 

morphological factors may be selected for evolutionarily to 

produce greater maximum crushing forces.  

Figure 4. a) Lateral view of chela with 

the palm exoskeleton and muscle 

removed, displaying the abductor 

(opener) and adductor (closer) 

apodemes; b) dorsal view of chela with 

the dorsal palm exoskeleton and the 

abductor apodeme and muscle 

removed, displaying the thickness of 

the adductor apodeme, the muscle 

fibers, and the angle of pinnation (Į) in 

which they attach. 

 



 

 Previous studies have found strong correlations between adductor apodeme area and 

crushing force due to the area of the apodeme being proportional to the cross-sectional area  of 

closer muscle that can be present (Govind and Blundon 1985; Schenk and Wainwright 2001; 

Taylor 2001), yet it was determined to have a lesser effect than propodus width.  There may be a 

number of factors that may contribute to this weaker correlation with crushing force.  For 

instance, it is possible that the muscle fibers may be unequally distributed along the adductor 

apodeme since the apodeme starts to become notably thinner and more fragile as it runs in the 

distal to proximal direction.  Having a thinner apodeme proximally may result in more muscle 

fibers present relative to the thicker distal region to reinforce the more fragile apodeme that 

experiences great tension during muscle contraction; vice versa, the proximal region may be less 

densely attached to muscle fibers in order to lessen the tension experienced by the end of the 

apodeme.   Further studies must be done to investigate the muscle fiber angle of pinnation and 

composition along the adductor apodeme, as well as the lengths of the sarcomeres to determine 

how musculature affects the crushing force of C. sapidus in this geographical region. 

Since muscle fibers not only run outward from the apodeme (propodus width direction) 

but also run in the distal-proximal directions, propodus length also determines the length of the 

sarcomeres.  Still, propodus length did not contribute as much to crushing force. Variation in the 

length of the pollex component of the propodus, in which there are no closer muscles, may have 

caused the relatively weaker correlation between force and propodus length.  It is possible that in 

further studies where pollex length is excluded and just the palm length is representative, the 

length may have a stronger interaction with maximum crushing force.  

Carapace width was found to have the weakest, but still significant, correlation with 

crushing force according to the linear regression analysis and AIC.  Carapace width was included 

to be representative of the blue crab’s overall size and age.  The closing force exerted by a claw 

should depend largely on the size of the crab and the claw itself simply because overall size for 

many brachyurans signifies age and as time goes on growth and development continue (Blundon 

1988).  Optimally, a larger crab should have a larger claw; however, blue crabs as well as many 

other decapods commonly lose claws via interactions with mates, competitors, and predators 

(Smith 1992) leading to a mismatch between the size of a carapace and the size of the newly 

regenerating claw.  As crabs age, there are more chances to encounter autotomy, or claw loss, 

events.  As seen in Figure 3a, there tends to be greater variation in the crushing force once the 

carapace width exceeds about 130 mm.  This may be attributed to a number of additional reasons 

besides autotomy events.  As crabs tend to age, they may start to senesce and lose strength in 

their claws.  Due to energetic constraints, there may also be a certain size in which muscle 

growth is no longer necessary and would be energetically efficient to minimize growth.  Finally, 

older crabs have a greater chance of contracting diseases which may weaken the crab or cause it 

to be lethargic. 

 

Sex, Handedness, and Chela Type Interactions with Force 

To investigate crushing force patterns of sex, handedness, and chela type, ANCOVA 

statistics were performed using propodus width as the covariate to eliminate effects of 

morphology.  In the first model, sex, handedness, and chela type were included (Table 4). Sex 

and any interaction that included sex were found to be statistically insignificant (P>0.01), 



meaning that maximum crushing force did not significantly differ between male and female blue 

crabs.  To fine-tune the model, sex was removed from the analysis so that only handedness and 

chela type were examined (Table 5).  In both the models including and excluding sex, chelae 

type was found to have a highly significant interaction.  This was expected as crushers are 

specialized to produce large amounts of crushing force, whereas cutters are less powerful but 

capable of precise handling and tearing.   

There was a significant interaction between type and handedness with a p-value of 
0.0072.  This means that one cannot understand the effect of chela type without taking into 
account the effect of handedness, and vice versa.  Ultimately, the results show that there is not 
much difference between right- and left-handed cutters, but there is a difference between right- 
and left-handed crushers.  Overall, regenerated cutters perform as well as original cutters.  
However, in the process of reversal of handedness where a right crusher is lost and the left cutter 
transitions into a crusher, this development of a new crusher produces a weaker crusher than the 
original crusher of the same propodus width.  Note that within this experiment, it was assumed 
that all right-handed crushers did not exhibit any reversal of handedness and all left-handed 
crushers did exhibit reversal of handedness.  Further studies must be pursued to identify how 
development differs between original crushers and crushers that exhibited a cutter-to-crusher 
transition, as well as to determine why the transitional crusher exerts an overall weaker 
maximum crushing force relative to the original right-handed crusher.   

 
Maximum Chela Crushing Force of C. sapidus 

The maximum crushing force exerted was found to be as high as 291.62 N with a crusher 
force average of 100.65 N.  This average is over two times greater than what was determined in 
previous studies for crusher maximum bite force (42.8 N) (Govind and Blundon 1985).  The 
difference could lie within the different geographical locations of sampling and the varied 
ecological roles in the unique ecosystems.  The study performed by Govind and Blundon (1985) 
was performed mainly in the Chesapeake Bay region, whereas this study was performed in the 
Apalachicola Bay region of the Florida panhandle.  There may be several selective contrasts 
attributed to interactions of blue crabs with species unique to these separate regions.  For 
example, while not found in Chesapeake Bay, the stone crab M. mercenaria found in Florida has 
overlapping habitat with blue crabs.  With both being crabs and therefore highly opportunistic 
feeders, the two brachyurans are natural competitors, which may or may not lead to antagonistic 
behavior.  In competition exhibited between crabs, antagonistic interactions could be costly even 
for the winner, possibly in the form of autotomized limbs or compromised carapaces.  With the 
outstanding thickness and durability of a stone crab exoskeleton and the large forces their chelae 
are capable of producing, the necessity for larger crushing forces may have been selected for in 
blue crabs to increase their success and therefore survivability in antagonistic events arising from 
competition.   

 The force value of 291.62 N provides a new upper limit for what Atlantic blue crabs are 
capable of producing.  This value is approximately 88 N less than the maximum force of 
Menippe mercenaria (380 N), which is impressive for such a nimble crab (Blundon 1988).  The 
tradeoff of mobility and crushing force for blue crabs is not as pronounced as I had previously 
thought. 
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