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ABSTRACT OF THE THESIS 

 

Claw biomechanics and scaling in the brown box crab (Lopholithodes foraminatus) 

 

by 

 

Emily Lucas 

 

Master of Science in Marine Biology 

 

University of California San Diego, 2025 

 

Professor Jennifer Taylor, Chair 

 

Crustacean claws can provide vital information about a species’ lifestyle, including its 

feeding, agonistic interactions, defense strategies, and mating behaviors. Claw biomechanics are 

a good starting point for exploring the biology and ecology of a species, such as the brown box 

crab, Lopholithodes foraminatus. This species has an unusual morphology, a broad geographic 

and depth distribution, and is an experimental fishery in Southern California, yet little is known 

about their basic biology and ecology. Here we characterized claw scaling and biomechanics of 

L. foraminatus to establish fundamental traits associated with their feeding ecology. Specifically, 

we determined the scaling relationships of morphological (claw height, mechanical advantage) 

and mechanical (denticle hardness and stiffness, pinch force) claw properties of male and female 

crabs across a range of sizes (44.5-137.0 mm carapace width). We found that the crusher claw 

height scales with different allometries between sexes, while the cutter claw height scaled 

similarly, with slight negative allometry. This aspect of claw morphology does not appear to 



 

x 

 

influence the biomechanics of the claws. Mechanical advantage did not scale with body size, 

though it was slightly larger for male crabs than female crabs. Neither the denticle mechanical 

properties nor the claw pinch force scaled with body size. Male crabs spanning a range of sizes 

generated large pinch forces that are sufficient to break hard mollusk shells. These results 

indicate that the claw biomechanics of L. foraminatus do not differ much between sexes nor do 

they change significantly as crabs grow larger, suggesting that they can support a consistently 

durophagous diet throughout their adult life.     
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INTRODUCTION 

 

The brown box crab, Lopholithodes foraminatus, is a species of king crab (family 

Lithodidae) characterized by specialized morphology that permits their appendages to fold 

perfectly against the body, like a 3-dimensional puzzle. When folded, their chelipeds and 

adjacent pereopods (walking legs) join and form a circular opening, or foramen, on each side that 

is thought to enable flow to the gills for respiration when buried in sediment (NOAA, 2024). 

This tight ball or box-like structure, combined with a robust exoskeleton, affords protection 

against predators without having to use their claws. The claws, or chelae, may potentially be 

used primarily for feeding rather than defense, however, their proper fit against the body bestows 

a unique morphology that influences their biomechanics and function. The link between 

morphology and function is well-established in crustacean claws (Mariappan et al, 2000), and 

their biomechanics is a primary driver of a species’ ecology, governing their diet, defenses, and 

how they interact with their physical environment (Schenk and Wainright, 2001). Therefore, 

study of the claw biomechanics of L. foraminatus can provide insights into the biology and 

ecology of this remarkable, yet poorly studied species.  

Compared to other king crabs, L. foraminatus has a broad distribution along the Eastern 

Pacific, extending from the Aleutian Islands, Alaska to San Diego, CA. It is also eurybathic, 

occupying depths from 0 – 1795 m, though it is typically found between 18-574 m (Chevaldonné 

and Olu, 1996; Zhang et al., 2023). Other king crab species are known to locomote over large 

distances and depths (Alaska Department of Fish and Game, 2024), but the relatively stubby 

pereopods of L. foraminatus suggest that they may not travel as far, though little is known about 

their migratory behavior. Across their geographic and depth distribution, L. foraminatus 
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encounters diverse predators and prey, although yet again, little is known about these interactions 

(Jørgensen and Spiridonov, 2013). 

Like many other decapod crustaceans, the claws of L. foraminatus grow allometrically 

and differentiate into a major (“crusher”) and a minor (“cutter”) claw following an animal’s 

puberty molt. The asymmetrical claws are morphologically and functionally distinct. The crusher 

claw is specialized for generating large forces, so it tends to be taller, with longer in-levers and a 

greater closer muscle cross-sectional area (Schenk and Wainwright, 2001). In contrast, the cutter 

claw is generally specialized for tearing and is characterized by its smaller size, longer out-

levers, and smaller closer muscle cross-sectional area (Schenk and Wainwright, 2001). 

Additionally, both claws have a series of denticles on the pollex, or fixed finger, of the claw. 

These irregularly spaced, toothlike structures help with prey handling and defense (Rosen et al, 

2020), but also differ between claw types; the crusher has molariform denticles while the cutter 

claw has smaller and sharper denticles (Mariappan et al, 2000). Denticles on the crusher claws of 

durophagous species generally have a large surface area that is abrasion resistant and more 

phosphorous to increase hardness, both features that enable repeated shell-crushing (Inoue and 

Nakazato, 2023). 

In crab claws, the dactyl (moveable finger) rotates at a fulcrum located at the proximal 

intersection of the dactyl and pollex (fixed finger), to close the claw and generate force (Fig. 1).   

The propodus makes up the majority of the claw and is composed of the pollex and the manus, or 

palm of the claw. Inside the propodus is the claw closer muscle. The workings of the claw rely 

largely on lever mechanics. The force is determined by geometry and can be measured in terms 

of mechanical advantage. The crusher claws can produce large pinch forces that frequently 

correlate with body size, with the largest crab species, the coconut crab, Birgus latro, producing 
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forces up to 90 times its own body weight (Inoue et al, 2021), although this metric varies greatly 

from species to species. Notably, in species that generate large forces, the crusher claw develops 

to have a greater mechanical advantage (MA), which means that force output is amplified. 

Greater MA is achieved by having a longer input lever relative to output lever. The input lever is 

approximately the height of the dactyl at the fulcrum, while the output lever is the length of the 

dactyl (Fig.1). Thus, a relatively short dactyl with a thicker base will have a greater MA and thus 

generate a larger force. This is a simplification, however, as MA is also related to the cross-

sectional area of the claw (Schenk and Wainwright, 2001). The physiological cross-sectional 

area of the closer muscle within the claw determines the force input, and the greater the area, the 

greater the force. This translates to a claw with larger external dimensions. Previous studies have 

demonstrated that claw dimensions, height in particular, are a good predictor of claw pinch force 

(Claussen et al, 2008).  
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Figure 1: Internal side of a crusher claw showing measurements for claw height (red), BC/in-

lever proxy (yellow), and BX/out-lever proxy (blue). 

 

Because claw morphology dictates force production, it is also strongly linked to diet. In a 

study of six brachyuran crab species, Schenk and Wainwright (2001) found that the crusher 

claws of molluscivorous species, like xanthid crabs, were larger and stronger than those of non-

molluscivores and had the largest mechanical advantages of the species being sampled. 
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Meanwhile, species with a more diverse diet, like the blue crab (Callinectes sapidus), had a more 

general claw shape, while the spider crab Libinia emarginata, which primarily consumes algae, 

had much smaller and weaker claws that showed little dimorphism (Schenk and Wainwright, 

2001). Laboratory observations indicate that L. foraminatus primarily consumes hard-shelled 

mollusks (Stroud, 2022), and they readily consume mussels and clams in the lab, both of which 

have high crushing strength (Moretto, 2024). While the breadth of their diet in nature is 

unknown, it can be inferred that L. foraminatus crusher claw morphology facilitates the 

generation of large forces. 

The strong selective pressures that shape the structure and function of crustacean claws 

make them an excellent proxy for studying the interplay between morphology and ecology 

(Schenk and Wainwright, 2001).  Characterizing the claw biomechanics of king crab species, 

like the box crab, would generate new insights into the biology and ecology of these valuable 

fisheries species. Therefore, the objective of this study was to characterize the claw 

biomechanics of brown box crabs, L. foraminatus, to gain a better understanding of their 

ecological role in Southern California and contribute to their assessment as an experimental 

fishery (Southwest Fisheries Science Center, 2023).  
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MATERIALS AND METHODS 

 

2.1 Animal Collection 

Eighteen live brown box crabs, Lopholithodes foraminatus, were collected May -August 

2022 by local fishers using baited traps at 100-250 m depth offshore of Cortes Bank, California, 

USA (32.4667° N, 119.1667°), where bottom temperatures ranged between 9-12°C (Southwest 

Fisheries Science Center, 2023). Crabs were immediately transported to the experimental 

aquarium at Scripps Institution of Oceanography (SIO), La Jolla, CA, where they were held in a 

large communal tank that received flow-through seawater pumped from the SIO pier and chilled 

to 9°C. Animals were fed live mussels (Mytilus californianus) once per week. These live crabs 

included 15 males (111.0 - 135.0 mm carapace width) and 3 females (96.0- 111.0 mm carapace 

width) and were used for claw pinch force measurements. 

Morphological measurements were carried out on crabs that were previously collected by 

fishers off Cortes Bank, California, USA (32.4667° N, 119.1667°) and stored in a -20°C freezer. 

A total of 40 individuals were measured, including 20 male (47.0 - 137.0 mm carapace width) 

and 20 females (44.5 - 105.0 mm carapace width). 

 

2.2 Morphological measurements 

All crabs were fully defrosted prior to morphological measurements. Carapace width 

(CW) was measured at the widest part, to the nearest 0.05 mm using calipers. For claw 

measurements, both chelipeds were excised at the coxal-basal joint. Claw height (CH) was 

measured at the widest part of the propodus on both the crusher and cutter claws, also to the 

nearest 0.05 mm using calipers (Fig.1). Mechanical advantage (MA) was calculated by 
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measuring the input (BC) and output (BX) levers for the external and internal sides of both claws 

and calculating BC/BX (Fig.1) (Schenk and Wainwright, 2001). 

 

2.3 Denticle nano-mechanical properties 

 Denticle nano-mechanical properties were tested on 17 previously frozen crabs (male, N 

= 9, 44.5 mm- 94.0 mm CW; female, N = 8, 47.0 mm - 137.0 mm CW). Ideally, mechanical tests 

would be conducted on freshly euthanized samples, however, no degradation or effect of 

freezing on the exoskeleton was observed. Therefore, all samples were frozen for consistency. 

Additionally, initial tests on fresh, unfrozen samples showed that the nanomechanical properties 

were similar between fresh and frozen samples. 

Once thawed, the pollex was cut from the propodus at the most proximal edge using a 

rotary tool (Dremel 4000, Robert Bosch Tool Corp., Mt. Prospect, IL, USA) with a 22 mm 

diamond cutting wheel. For larger crabs, the distal tips of the pollex were further cut with the 

Dremel to fit in the silicon bead molds (16 mm3). Samples were carefully placed individually in 

square wells of the mold so that the largest, most proximal denticle was facing upward. Epoxy 

resin (EpoxiCure, Buehler, Lake Bluff, IL, USA) was added to the mold to a height below the 

base of the largest denticle. Samples were then covered in a seawater-soaked paper towel and 

stored in a sealed plastic container to keep damp while the epoxy cured for 24 hours. The next 

day, embedded denticles were sanded with 200 grit and 800 grit ultra-fine sandpaper to create a 

smooth, flat surface for nanoindentation. Embedded samples were kept hydrated with a seawater-

soaked paper towel until testing. 

Embedded denticles were affixed to an aluminum block using cyanoacrylate and then 

indented using a nanoindenter (Nanovea, Irvine, CA, USA) equipped with a Berkovich tip. 
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Indents were performed on the sanded surface of the denticle using a load of 80 mN at a loading 

and unloading rate of 160 mN/min. Each denticle was indented six times and the hardness and 

elastic modulus (GPa) were averaged for each sample. 

 

2.4 Pinch Force 

Pinch force measurements were taken from the crusher claw of 17 box crabs (male, N = 

14, 111.0 mm - 135.0 mm CW, female, N = 2, 96.0 mm - 111.0 mm CW) following the methods 

of Singh et al. (2000). Crabs were situated on a wooden platform with their pollex placed 

underneath a curved metal bracket. The dactyl of the claw was then positioned on a hook 

connected to a force sensor (CI-6537, ± 50 N range, PASCO, Roseville, CA, USA). The force 

sensor was affixed to a ring stand so that the distance between the hook and the bracket could be 

adjusted to fit approximately 75% of maximum claw gape. The claw was positioned so that the 

pinch force was exerted from the middle of the pollex. Crabs readily pinched their claws and the 

force was recorded using the PASCO Capstone software. Peak pinch force was identified as the 

highest peak value on the force output curve. In addition, steady pinch force was calculated as 

the average pinch force exerted over 10 - 20 seconds of holding.  

 

2.5 Statistical Analysis 

All statistical analyses were conducted using R 4.3.1 (R Core Team, 2023) and RStudio 

(RStudio Team, 2023). The scaling relationship of each morphological (claw height and MA) 

and mechanical (denticle hardness and stiffness, peak and steady pinch force) variable was 

determined for male and female crabs using ordinary least squares regression on log-transformed 

data. Carapace width was used as the metric for body size, so the scaling exponents, or slopes, of 
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linear dimensions are expected to be 1 for isometry. Each measurement variable, excluding claw 

pinch force, was compared between sexes using ANCOVA with sex as a covariate.  
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RESULTS 

3.1 Claw Morphology 

Claw height of the crusher claw scaled differently for male and female crabs (Fig. 2). For 

males, crusher claw height scaled with positive allometry (slope = 1.24, R2 = 0.955, F = 315.89, 

p < 0.001) and for females it scaled with negative allometry (slope = 0.892, R2 = 0.884, F = 

91.10, p < 0.001). Despite these different scaling relationships, the relative size (claw height) of 

crusher claws was the same for both sexes (ANCOVA, df = 27, F = 3.527, p = 0.071) (Tables 1, 

2). Cutter claws, on the other hand, scaled with negative allometry for both sexes (males: slope = 

0.924, R2 = 0.731, F = 40.68, p < 0.001; females: slope = 0.86, R2 = 0.721, F = 36.139, p < 

0.001) (Fig. 3) and the relative height of the cutter claw was the same for both male and female 

crabs (ANCOVA, df = 29, F = 0.716, p = 0.404) (Tables 1, 2). 
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Figure 2: Crusher claw height scales allometrically and differs between sexes. It grows with 

slight negative allometry (slope = 0.89) in female crabs (blue), but with positive allometry (slope 

= 1.24) in male crabs (orange). 
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Table 1: Summary of mean values ± standard deviation of each variable measured for female and 

male crabs. N is sample size. 

  
Female Male 

  N mean ± s.d. N mean ± s.d. 

Crusher 
    

Claw height (mm) 14 18.7 ± 3.4 17 26. 0 ± 10.8 

Internal MA 14 0.42 ± 0.06 14 0.43 ± 0.07 

External MA 14 0.39 ± 0.05 14 0.43 ± 0.05      

Cutter 
    

Claw height (mm) 16 13.8 ± 2.9 17 17.0 ± 6.39 

Internal MA 16 0.32 ± 0.04 17 0.34 ± 0.05 

External MA 16 0.31 ± 0.04 17 0.34 ± 0.04      

Denticle 
    

Hardness (GPa) 8 5.96 ± 2.88 9 6.75 ± 2.73 

Stiffness (GPa) 8 80.8 ± 33.1 9 106 ± 35.4      

Pinch force 
    

Peak (N) 2 37.2 ± 20.3 14 37.6 ± 13.5 

Steady (N) 2 16.2 ± 0.60 9 27.1 ± 14.5 

 

 

Table 2: Summary statistics of ANCOVA analyses. Carapace width (CW) was the predictor and 

sex was a covariate.  

  df 
 

F P 

Crusher  
    

 claw height  27 CW 520.703 <0.001   
Sex 3.527 0.071   
CW:Sex 7.752 0.010      

internal MA 24 CW 0.038 0.848   
Sex 0.300 0.589   
CW:Sex 1.78 0.193      

external MA 14 CW 0.000 0.996   
Sex 6.175 0.020   
CW:Sex 4.205 0.051      

Cutter 
    

claw height 29 CW 84.504 <0.001 
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Continued Table 2: Summary statistics of ANCOVA analyses. Carapace width (CW) was the 

predictor and sex was a covariate.  

   
Sex 0.716 0.404   
CW:Sex 0.074 0.788      

internal MA 29 CW 0.308 0.583   
Sex 2.063 0.162   
CW:Sex 1.62 0.213      

external MA 28 CW 0.885 0.355   
Sex 4.152 0.051   
CW:Sex 0.260 0.614      

denticle stiffness 13 CW 1.066 0.321   
Sex 0.168 0.689   
CW:Sex 0.475 0.503      

denticle hardness 13 CW 1.561 0.234   
Sex 1.397 0.258   
CW:Sex 0.704 0.417 
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Figure 3: Cutter claw height scales allometrically and is similar between sexes. Both female 

(blue) and male (orange) crabs scale with slight negative allometry (slope = 0.86, 0.92, 

respectively).  

Mechanical advantage (MA) of the internal side of the crusher claw was not predicted by 

body size for either sex (males: slope = 0.098, R2 = 0.039, F = 0.490, p = 0.497; females: slope = 

0.211, R2 = 0.113, F = 1.522, p = 0.241) (Fig. 4), nor did it differ between males and females 

(ANCOVA, df = 24, F = 0.300, p = 0.589) (Tables 1, 2). The same was true for MA measured 

from the external side of the claw for males (slope = 0.057, R2 = 0.024, F = 0.300, p = 0.594), 

but females had a near significant correlation with body size (slope = 0.319, R2 = 0.278, F = 

4.612, p = 0.053) and had a more widely ranging MA than males (ANCOVA, df = 14, F = 6.175, 

p = 0.020) (Tables 1, 2) (Fig.5). 
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Figure 4: Crusher claw internal MA does not scale with carapace width and is the same for both 

female (blue) or male (orange) crabs.  



 

16 

 

 

Figure 5: Crusher claw external MA did not scale with carapace width for males (orange), but 

had near significant negative allometry for females (blue). Female crabs had a lower MA than 

male crabs. 

 

Cutter claw internal MA was not correlated with carapace width for either male or female 

crabs (males: slope = 0.220, R2 = 0.072, F = 1.168, p = 0.297; females: slope = 0.169, R2 = 

0.087, F = 1.333, p = 0.268) (Table 2)(Fig. 6) and it did not differ between sexes (ANCOVA, df 

= 29, F = 2.063, p = 0.162) (Tables 1, 2). Similarly, MA measured from the external side of the 

cutter claw was not correlated with carapace width for either male or female crabs (males: slope 

= 0.011, R2 = 0.001, F = 0.0169, p = 0.899; females: slope = 0.093, R2 = 0.030, F = 0.438, p = 
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0.519), and there was a nearly significant difference between sexes, with female MA trending 

smaller than males (ANCOVA, df = 28, F = 4.152 p = 0.051) (Fig. 7) (Tables 1, 2). 

 

 

Figure 6: Cutter claw internal MA does not scale with carapace width and is the same for both 

female (blue) or male (orange) crabs. 
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Figure 7: Cutter claw external MA does not scale with carapace width and trends smaller for 

female (blue) than male (orange) crabs. 

 

3.2 Claw mechanics 

 Hardness of the large, proximal denticle on the crusher claw did not correlate with body 

size for either male or female crabs (males: slope = 0.201, R2 = 0.033, F = 0.239, p = 0.640; 

females: slope = 0.948, R2 = 0.101, F = 0.677, p = 0.442), nor did it differ between sexes 

(ANCOVA, df = 13, F = 1.397, p = 0.258) (Fig. 8). Denticle stiffness also showed no correlation 

with body size for either male or female crabs (males: slope = 0.903, R2 = 0.015, F = 0.108, p = 



 

19 

 

0.752; females: slope = 0.752, R2 = 0.117, F = 0.796, p = 0.407), nor did it differ between sexes 

(ANCOVA, df = 13, F = 0.168, p = 0.689) (Tables 1, 2). 

 

 

Figure 8: Denticle hardness does not scale with carapace width and is the same for female (blue) 

and male (orange) crabs. 
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Figure 9: Denticle stiffness does not scale with carapace width and is the same for female (blue) 

and male (orange) crabs. 

 

Neither peak nor steady pinch force by the crusher claw correlated with carapace width in 

male crabs (peak: slope = 0.449, R2 = 0.007, F = 0.0818, p = 0.780; steady: slope = 0.047, R2 = 

0.000, F = 0.0002, p = 0.990) (Fig. 10). The sample size for female crabs was too low to assess 

scaling (N = 2), but the mean values were similar to those of male crabs (Tables 1, 2). 
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Figure 10: Peak pinch force does not scale with carapace width in male crabs. 
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DISCUSSION 

 Crustacean claws are an iconic example of the important link between form and function. 

They also provide fundamental insights into a species’ ecology. With this in mind, we studied 

the claw biomechanics of the brown box crab, L. foraminatus, which has an unusual 

morphology, a broad distribution, and is of economic importance, yet our minimal knowledge 

about this species is derived from anecdotal observations and only a few published studies 

(Stroud et al, 2022; Moretto, 2023). Our analysis revealed a discrepancy between the 

morphology and mechanics of the claws, with some aspects of morphology scaling with body 

size, but the mechanics being independent of size.   

Normally greater claw height corresponds to a greater physiological muscle cross-

sectional area and thus greater force generation (Schenk and Wainwright, 2001). However, the 

height of both the crusher and cutter claws scale with body size in L. foraminatus, but the claw 

pinch force was independent of body size. Large crabs generated pinch forces equivalent to 

smaller crabs.  One possible explanation is that the total claw cross-sectional area, including 

propodus width, is the primary correlate of force production, as observed in the fiddler crab Uca 

pugilator (Claussen et al, 2008). Propodus width was not measured in L. foraminatus, but it is 

observed to be relatively thin. Another possible explanation is that the greater propodus height in 

box crabs reflects their need to fold their claws tightly against their body. This possibility is 

supported by the presence of a thin carapace extension on the dorsal side of the crusher claw that 

increases its height but lacks internal muscle, and therefore doesn’t contribute to the total muscle 

cross-sectional area and force production. External claw dimensions are not a good predictor of 

force production in L. foraminatus, possibly due to their folding capacity, so further study into 

the muscle physiology, such as sarcomere length, may be more explanatory (Taylor, 2000).  
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Unlike claw height, mechanical advantage of the claws did not scale with body size. This 

outcome was unexpected because we hypothesized that the lever components of the claws would 

scale allometrically to increase MA as crabs grew larger. Instead, the relative dimensions of the 

dactyl, and thus the ratio of input/output levers, remain the same. There is some precedence for 

this result: when comparing the crusher claws of six brachyuran species, Schenk and Wainright 

(2001) also found that MA did not scale with body size, suggesting that greater pinch forces in 

larger animals is driven by other factors, such as muscle physiology. Furthermore, most studies, 

including this one, calculate MA from the pivot point to the tip of the dactyl, yet most species 

generate maximal force closer to the pivot. Therefore, calculations of MA are likely not 

reflective of the standard use of the claw, and a more intricate measure of MA would be more 

informative and potentially influenced by size. Additionally, we measured crusher pinch forces 

of mostly male (N= 14), and only a couple of female (N = 2), crabs and peak forces ranged from 

9.79 - 62.66 N. These forces are far below those generated by the large coconut crab, Birgus 

latro, which can generate forces of ~29 – 1765 N, but are surprisingly not much larger than the ~ 

10-12 N of force generated by the small sand fiddler crab Uca pugilator (Oka et al, 2016; 

McLain et al, 2015). It is often a challenge to obtain maximum pinch forces from crustaceans 

due to force measurement techniques and issues with motivation, so we may not have measured 

maximum forces in L. foraminatus. Motivation is a major determinant of effort, which was 

observed in mantis shrimp that alter their strike forces when engaging with prey versus 

conspecifics (Green et al, 2019). Other studies have indicated that crustacean pinch forces are 

often related to diet, though mating behaviors can also have an impact (Claussen et al, 2007; 

Schenk and Wainwright, 2001). In this case, L. foraminatus appears to be molluscivorous, and 

large pinch forces are necessary for them to break open hard-shelled prey. Further studies on 
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feeding behaviors, including prey size preferences and prey handling, would help shed light on 

how L. foraminatus use their claws and the forces that are required.  

As discussed previously, the greatest pinch force is exerted at the base of the dactyl, 

adjacent to the pivot point, and this is typically where crusher claws have the largest denticles. 

Dentition plays an important role in claw function and individual denticles must resist wear and 

breakage at the same time as they concentrate force during claw closure. In our study, we found 

that neither hardness nor stiffness of the large denticle scaled with body size, indicating that the 

material remains consistent as animals grow. This may be explained by the specialized structure 

of the denticles, where the upper surface has a dense microstructure and more mineral that 

together afford greater abrasion resistance (Inoue et al, 2023). In this sense, the surface layer of 

the denticles may be a conserved material that provides a large safety factor for crabs at all body 

sizes. Denticle surface area may be a better proxy than material properties because as it increases 

with animal size, forces are applied over a larger area, resulting in decreased stresses. 

Brown box crabs display sexual dimorphism in body size, with females reaching smaller 

maximum sizes than males (Stroud, 2022). We measured different scaling relationships in 

crusher claw height and females had a lower MA than males, yet these differences did not 

emerge in the mechanical functioning of the claw. Though only two female crabs were 

measured, they produced similar pinch forces as male crabs. Similar pinch forces suggest that 

female and male crabs can break shells of similar strength, but the differences in morphology 

may impart its effects on the size or shape of hard-shelled prey that they consume. If, for 

example, female claws have a shorter dactyl, they likely have a smaller gape that would limit 

them to smaller prey. This could potentially create diet partitioning between sexes based on size, 

but further study on prey preferences is needed.  
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It is important to note that this study on brown box crab claw biomechanics neglects the 

importance of environmental conditions in shaping claw morphology and feeding behavior. 

Aside from the important biological interactions that drive selection for claw morphology and 

function, abiotic conditions can influence the integrity of the exoskeleton and claw function over 

short time scales. For example, the composition and mechanical properties of crustacean 

exoskeleton are sensitive to environmental CO2/pH. Multiple studies have demonstrated that 

reduced pH conditions can increase exoskeleton mineralization in some crustacean species 

(Taylor et al, 2015; Ries et al, 2009; Dickinson et al, 2021). This could render claws more brittle, 

causing them to be more susceptible to breakage under loading, but the structural integrity of L. 

foraminatus claws under reduced pH conditions has not been examined. Reduced pH conditions 

have been shown to decrease claw microhardness of red king crabs (Coffey, 2017) and 

negatively affect the crusher claw closer muscle strength increment in green crabs (Landes and 

Zimmer 2012), which could compromise the effectiveness of claws during feeding and defense.  

Additionally, temperature is known to affect crustaceans at multiple physiological and 

behavioral levels. A temperature increase from 8 to 15°C caused L. foraminatus to alter their 

feeding preferences from clams to mussels (Moretto, 2023). Thus, crabs may be using their 

claws differently during predation events based on environmental temperature, which is variable 

across depths and seasons throughout their geographic range. This means that populations of L. 

foraminatus across their geographic and depth ranges may have environmentally driven feeding 

behaviors that can either affect or be affected by claw morphology and function. 
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CONCLUSION 

This study provides the first biomechanical analysis of L. foraminatus claws and reveals 

that claw morphology may largely reflect their ability to fold appendages tightly to their body in 

their purported defense posture, but also enables them to produce large forces that permit a 

durophagous diet. Additionally, the size independence of MA, denticle properties, and force 

production suggest that the claws maintain similar function, and possibly diet, throughout their 

adult life. This information is a useful step toward understanding brown box crab ecology and 

ultimately constructing a sustainable fishery in Southern California. 
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