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Abstract 
 
Male fiddler crabs use their large, sexually-dimorphic claws to attract potential mates and 
to battle other prospective suitors. Because this sexually-selected trait adds considerable 
body mass, we hypothesized that it would come with an energetic cost. Specifically, we 
examined whether the presence of large claws decreases sprint performance and increases 
lactate levels of males relative to those with their large claws removed. Our results yielded a 
10-fold increase in lactate levels upon induced exertion, indicating we successfully 
stimulated anaerobic metabolism. However, we found that intact claws did not significantly 
affect either sprint duration or lactate levels after exercise. It may be that males have 
evolved compensatory traits that diminish the anaerobic cost of their large claw. 
Alternatively, the cost of possessing a large claw may persist even when the claw is 
removed. 

 
Introduction    
 
A particular form of natural selection, sexual selection, occurs when males or females are 

attracted to and thereby select certain characteristics in a potential mate. More widely 

known examples of such sexually selected traits in males include the showy feathers of 

peacocks, shaggy manes of lions, and the pronounced antlers of elk. Sexually selected traits 

may arise due to within-sex competition for limited resources including access to mates, 

and due to mate choice for individuals with a particular trait (Darwin, 1871). However, it 

seems probable that such traits may disadvantage the male under some circumstances as 

these traits could exert a cost on physiological function (Oufiero and Garland, 2007).  

 

The cost of sexually-selected traits has been characterized in relation to movement (Oufiero 

and Garland, 2007). While it may seem obvious that these traits could impair movement, no  

clear trend is apparent as studies have found conflicting results. For the Montezuma 

swordtail, Xiphophorus montezumae, sexually-selected traits show a negative impact as  
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males with longer swords faced higher costs in terms of swimming speed than males with  

shorter swords (Kruesi and Alcaraz, 2007). Peacocks, Pavo cristatus, showed no effect as 

birds with and without the showy train showed no significant difference in take-off 

performance (Askew, 2014). Finally, the green swordtail, Xiphophorus helleri, showed a 

positive impact as males with longest swords had the greatest escape ability (Royle et al., 

2006). Further studies have sought to quantify the energetic cost of sexually selected traits 

by measuring aerobic respiration with some studies showing an increase (Montezuma 

swordtail, Xiphophorus montezumae, males with longer swords consume oxygen than males 

with shorter swords: Basolo and Alcaraz, 2003), and others showing no effect (peacocks, 

Pavo cristatus, with and without the showy train showed no significant difference in change 

of potential or kinetic energy upon take-off: Askew, 2014). While most previous results 

examine the effect of sexually selected traits on aerobic respiration, little is known about 

the anaerobic cost of sexually selected traits.  

 

To examine anaerobic costs of sexually-selected traits, we chose to work with male fiddler 

crabs (Uca pugilator) that exhibit a large sexually-dimorphic claw that may constitute up to 

40% of body mass (Crane, 1975) and which appears to enhance fitness. These large claws 

are used by male fiddler crabs both to fight other males and also in a waving presentation 

to attract females (Crane, 1975). We hypothesized that this large claw may induce an 

energetic cost on male fiddler crabs under anaerobic exertion when fleeing a predator. We 

examined this possibility by measuring the energetic cost of carrying a major claw to adult 

male fiddler crabs both at rest and after an anaerobic sprint. Given this hypothesis, we 

predicted that male fiddler crabs with an intact major claw relative to declawed male crabs 

would show (a) decreased sprint performance as indicated by shorter sprint durations and 

(b) a higher metabolic cost as indicated by higher lactate levels when exposed to a 

simulated predator.  
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Materials and Methods 
 
Collection and maintenance of animals 

We obtained adult intermoult male fiddler crabs, Uca pugilator, from Sachs System 

Aquaculture (St. Augustine, FL). Animals were shipped to the University of Puget Sound one 

month before the experiment where they were held in groups of 3-4 in plastic tubs with 

artificial seawater (~2.1 cm) and PVC tube habitats. Crabs were maintained at 22°C on a 12 

h:12 h light:dark cycle and fed sinking shrimp pellets (Aquarian, Chalfont, PA, USA) twice per 

week.  

 

 

 

 

Fiddler crabs autotomize (i.e. shed) their claws as a means of self-defense to evade 

predators. We exploited this behavior to remove claws from half of the sample population 3 

to 7 days prior to testing by gently pulling the claw across the animal’s body until the claw 

was released. In some cases where autonomization proved difficult, the claw was quickly 

excised with scissors at the base of the limb. 

 

Exercising the crabs 

Fiddler crabs, with and without major claws, were placed into the exercise arena (a tub 

filled with damped sand to mimic their natural environment) and chased around with our 

hands until the crab stopped sprinting and slowed to a walk as described in the lab manual 

(Biology Faculty, 2017). The sprint duration was recorded. Crabs were then encouraged to 

move for an additional 2 minutes following their sprint. Following exercise, 20-40 ml of 

blood was drawn from the crabs by inserting a chilled 27-gauge needle attached to a 0.5 ml 

syringe through the membrane between two of the crab's walking legs.  
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We drew blood from each crab only once, at one of three different time points: 

immediately after exercise (n = 9 with claw, n = 8 without claw), 10 minutes after exercise (n 

= 7 with claw, n =7 without claw) and 30 minutes after exercise (n = 7 with claw, n = 8 

without claw). Blood samples were then placed into separate microcentrifuge tubes and 

chilled on ice for processing of blood lactate concentration. Crabs were weighed to the 

nearest 0.1 g following the blood draw. Blood was also taken from another set of crabs 

before exercise to provide a baseline for lactic acid (n = 12 with claw, n = 5 without claw).  

 

Determining lactate levels 

We used a commercially available assay kit (Megazyme) to determine the concentration of 

lactic acid in each sample. To remove blood proteins, 25 ml of blood was first combined 

with 75 ml of 15% trichloroacetic acid and vortexed. The solution was allowed to sit on ice 

for 15 minutes. Following this incubation, the sample was centrifuged for 5 minutes in a 

refrigerated microcentrifuge (4 oC) to precipitate proteins in the sample. The remaining 

supernatant was then placed into a new tube and neutralized by the addition of 1 part 2.5 

M K2CO3 to 7 parts supernatant. The resulting sample was then analyzed in accordance with 

the directions provided by the kit, cuvettes were prepared by adding given volumes of 

sample, water, buffer, NAD+, and glutamic-pyruvate transaminase. We took an absorbance 

reading on a spectrophotometer (Genesys 20) set at 340 nm three minutes after mixing the 

contents of each cuvette. We then added 10μL of lactate dehydrogenase to each cuvette 

and a second reading was taken fifteen minutes later. 

 

Data Analysis 

We calculated the concentration of lactic acid in the cuvette using the absorbance values 

before and after the addition of the lactate dehydrogenase. These values were then 

converted to blood lactate concentration by accounting for dilution volumes to yield blood 

lactate concentration in the crab’s blood using the equation: 
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𝑚𝑔	𝑙𝑎𝑐𝑡𝑎𝑡𝑒	𝑖𝑛	𝑐𝑢𝑣𝑒𝑡𝑡𝑒
𝑚𝐿	𝑐𝑢𝑣𝑒𝑡𝑡𝑒	𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡 	∗ 	

𝜇𝐿	𝑠𝑢𝑝𝑒𝑟𝑛𝑎𝑡𝑎𝑛𝑡	 + 	𝜇𝐿	𝐾!𝐶𝑂"
𝜇𝐿	𝑏𝑙𝑜𝑜𝑑 	∗ 	

1	𝑔
1000	𝑚𝑔	∗ 	

1	𝑚𝑜𝑙
90.1	𝑔 	∗ 	

10#	𝜇𝑀𝑜𝑙
1	𝑚𝑜𝑙 	= 	

𝜇𝑀𝑜𝑙	𝑙𝑎𝑐𝑡𝑎𝑡𝑒
𝑚𝐿	𝑏𝑙𝑜𝑜𝑑  

 

We used t-tests to determine whether crabs with and without a claw differed in their 

weight and whether blood lactate levels differed between resting and sprinting crabs. 

Linear regression was used to determine if crab weight influenced sprint duration. A 2-way 

ANOVA was used to determine if the way sprinting influenced blood lactate levels 

depended on whether crabs had a claw or not. A 2-way ANOVA was run to determine if 

time after sprinting influenced blood lactate levels for crabs with and without a claw. All of 

the statistical analyses were performed using R software (R Core Team, 2013). Graphs were 

prepared using Excel. A significance level of 0.05 was used for all analyses.  

 

 

Results 

In this experiment, we investigated the metabolic cost of carrying a sexually dimorphic 

major claw in male fiddler crabs by measuring blood lactate levels in crabs at rest or after 

sprinting. Males with intact major claws were significantly heavier than males without a 

claw (t-test; t = -6.53, df = 61, p < 0.001; Fig. 1). Male crabs with claws were 33.6% heavier 

than males crabs without claws (Fig. 1). The presence of a claw did not affect sprint duration 

(t-test; t = -.26, df = 43 p = 0.796; Fig. 2).  
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Figure 1.  Male fiddler crabs (Uca pugilator) with intact claws are heavier than those without claws.  
The two groups of crabs used in this experiment either had intact claws (“with claw”) or were induced 
to autotomize their major claws (“without claw”). The weight (mean ± SEM) of the crabs with intact 
claws was significantly greater than the weight (mean ± SEM) of crabs without claws (t-test; p < 
0.001). Different letters (a, b) indicate statistical significance; with claw, n = 35; without claw, n = 28.  

 

 

 

Figure 2.  Presence of a claw does not affect sprint duration.  Male fiddler crabs with and without a 
major claw were induced to sprint to exhaustion.  Sprint duration was not affected by the presence of 
a claw (t-test;  p = 0.796). With claw, n = 23; without claw, n = 23. 
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We measured blood lactate levels in crabs, with or without major claws, at rest and 

immediately after sprinting.  The way that sprinting influenced lactate levels did not 

significantly depend on whether the crabs had a claw or not (2-way ANOVA, F = 0.0006, df = 

1,58, p = 0.938, Fig. 3). The presence of a claw had no significant effect on lactate levels (2-

way ANOVA, F = 0.16, df = 2,58, p = 0.848). At rest, animals with and without claws had the 

same lactate levels (Fig. 3). Lactate levels were significantly higher (1148%) in crabs 

immediately after sprinting when compared with resting crabs (2-way ANOVA; F = 46.87, df 

= 1,58, p < 0.001; Fig. 3). 

 

 

 
Figure 3.  Sprinting increases blood lactate levels in male fiddler crabs.  Blood lactate levels were 
measured in crabs (with and without claws) at rest and immediately after sprinting to exhaustion.  Lactate 
concentrations (mean ± SEM) were significantly higher in crabs that had sprinted as compared with crabs 
at rest (2-way ANOVA; p < 0.001), but this was not influenced by the presence of a claw (2-way ANOVA; p 
= 0.938).  Different letters (a and b) indicate statistical significance.  With claw, at rest, n = 12; no claw, at 
rest, n = 5.  With claw, after sprint, n = 23; no claw, after sprint, n = 23. 

 
 

We then analyzed whether lactate levels changed over time after sprinting (10 or 30 

minutes post-sprint) for crabs with and without intact claws. The way that time after 

exercise influenced lactate levels did not depend on the presence of a claw (2-way ANOVA, 

F = 0.001, df = 1,42, p = 0.973; Table 1). Blood lactate levels did not significantly vary with 
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time after exercise (2-way ANOVA; F = 0.49, df = 1,42, p = 0.486; Table 1; Fig. 4) or presence 

of a claw (2-way ANOVA; F = 0.03, df = 1,42, p = 0.870; Table 1; Fig. 4).   

 
 
 
 
 
 
 

Table 1.  Blood lactate levels in fiddler crabs did not vary with time after sprinting (0, 10, or 30 minutes) or vary in 
crabs with and without a claw. 
 

Claw 
present 

Blood Draw Time 
after Sprinting 
(minutes) 

Blood Lactate  
(µMol/ml) 
(mean ± SE) 

Yes 0 4.86 ± 0.64 (n = 9) 
   10 4.89 ± 1.16 (n = 7) 

 30 4.27 ± 1.40 (n = 7) 
No 0 4.71 ± 0.77 (n = 8) 

 10 5.52 ± 1.02 (n = 7) 

 30 4.22 ± 0.84 (n = 8) 
Interaction between time after sprinting and presence of a claw: 2-way ANOVA; p = 0.973 
Time after sprinting: 2-way ANOVA; p = 0.870;  
Presence of claw: 2-way ANOVA; p  = 0.486 

 

            

Figure 4.  Blood lactate recovery does not vary in crabs with or without intact claws within 30 minutes 
after sprinting. Blood lactate levels (mean ± SEM) did not change over a 30 minute recovery period in 
crabs that had exercised to exhaustion.  The presence of a claw did not affect lactate levels following 
exercise.  With claw: at rest, n = 12; 0 min, n = 9; 10 min, n = 7; 30 min, n = 7.  Without claw: at rest, n = 5; 
0 min, n = 8; 10 min, n = 7; 30 min, n = 8.  
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Discussion 

The main objective of the present study was to determine the impact of possessing a large 

sexually selected structure on animal performance. We did this by comparing sprint 

performance and blood lactate levels in male fiddler crabs with and without their major 

claw. Our results supported our hypothesis that blood lactate levels would increase 

following sprinting. Specifically, blood lactate levels in both clawed and declawed crabs 

increased more than 10 times over resting levels following sprinting. An increase in blood 

lactate concentration is expected for animals during non-sustainable locomotion (Hill et al. 

2008), and a 10 times increase is similar to that found for other crabs exercised to 

exhaustion (Henry et al. 1994). Thus, sprinting causes crabs to use anaerobic metabolic 

pathways.  

 

By contrast, our results did not support our hypothesis that clawed crabs would show 

reduced sprint performance and higher blood lactate levels than declawed crabs. Clawed 

and declawed crabs in the present study sprinted for the same amount of time. This result is 

similar to that of previous studies showing that the presence of the major claw did not 

influence sprint speed of male fiddler crabs (Jordão and Oliveira, 2001; Allen and Levinton, 

2007). Consistent with the similar sprint performance, we found no impact of the major 

claw on blood lactate following sprinting. This finding contrasts that of Allen and Levinton 

(2007) who found that clawed crabs showed an 8% higher resting oxygen consumption than 

did declawed crabs.  The reason for these seemingly different results may be due to the fact 

that blood lactate levels are a measure of anaerobic metabolism while oxygen consumption 

is a measure of aerobic metabolism. Thus, it may be that the major claw impacts aerobic 

but not anaerobic processes. Future studies that investigate both aerobic and anaerobic 

metabolic pathways are needed to fully understand the costs of a claw. 
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A 33% difference in body mass between clawed and declawed crabs is a substantial 

amount. Given that clawed crabs are essentially sprinting while carrying a load equivalent to 

33% of body mass, how can they do this while incurring no additional anaerobic cost? One 

answer is the presence of compensatory traits - traits that evolve through the process of 

natural selection to counter-balance costs associated with possessing an exaggerated trait 

(Møller, 1996). For example, studies have demonstrated that male barn swallows with long 

tails have greater wingspans than their female counterparts (Barbosa and Møller, 1999). It 

is possible that male fiddler crabs have evolved traits that enable them to carry a large load 

with relative ease, such as a specialized limb position or gait pattern.  Interestingly, 

researchers have shown that there is asymmetry in the legs of male fiddler crabs based on 

their species-specific claw-waving patterns – it is possible that similar asymmetry enables 

male crabs to carry a large claw with minimal energetic expenditure.  

 

If compensatory traits allow male fiddler crabs to carry their large claw with relative ease, 

why does performance not improve and costs decrease when the claw is removed?  The 

answer to this may rest with short-term biomechanical adjustments that occur following 

claw removal.  In other words, once the claw is removed, any energetic savings that may 

occur because the animal no longer is carrying the weight, may be negated by changes in 

posture and stride characteristics caused by claw removal that then to increase metabolic 

cost. Further studies comparing morphologies and gait patterns of male and female fiddler 

crabs from species with varying claw sizes would help identify the role of compensatory 

traits in helping to reduce the cost of carrying a large sexually selected trait. 

 

Taken together, results of the present study show that possessing a large major claw has 

little to no impact on sprinting cost or performance in male fiddler crabs.  The presence of 
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large sexually selected traits may indeed pose costs to organisms, but those costs do not 

appear to manifest themselves in all types of activities.  
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