
 

 

 

Introduction and hypotheses 

The colonization of fresh water and dry land reflects physiological transformations that govern the movements of water and ions between the body fluids and surrounding medium, axiomatically 

linking osmoregulatory physiology and habitat diversification. Since monophyletic groups store biological information retrievable using phylogenetic comparative methods, we examine the 

evolutionary history of osmoregulation in fiddler crabs (Brachyura, Uca). For each trait, we evaluate: (i) phylogenetic signal, expressed by the relationship between trait variation and phylogeny; (ii) 

estimate ancestral states, employing best fitting evolutionary models; and (iii) test for a putative association between osmoregulatory evolution and salinity using phylogenetic regressions. 

 

Material and methods 

We characterized osmoregulatory ability in all 10 fiddler crab species from the Brazilian coast, and compiled data carefully culled from the literature for a further 14 species. Thus, we examined 24 

Uca species employing a phylogeny modified from Rosenberg (2001), assuming nodal branch lengths. The best fitting evolutionary model was chosen between Brownian motion (pure random 

evolution) and Ornstein-Uhlenbeck processes (random evolution under stabilizing selection) based on AICc criteria. For (i) phylogenetic signal, we employed an autocorrelation analysis using Moran’s 

I coefficient in five distance classes; (ii) to estimate ancestral states, suggesting the transformational series, we employed squared-change parsimony analyses; (iii) to test for linkage between 

osmoregulatory evolution and salinity, we implemented phylogenetic regressions. All analyses were performed using Mesquite software and the R platform. 

 

Results and discussion 

Mean osmoregulatory ability in Uca reveals a buffering index of 0.75, which corresponds to a change of 470 mOsm/kg H2O in hemolymph osmolality against 1900 mOsm/kg H2O in external 

osmolality (Fig. 1). Directional pattern of change over time is present in the traits examined, revealing strong phylogenetic structuring: signal is significant and positive among closely related species, 

and falls off with phylogenetic distance (Fig 2). The Ornstein-Uhlenbeck model best describes the evolution of these osmoregulatory traits: significant, strong stabilizing selection constrains 

osmoregulatory history, forcing each parameter toward a central value of variation (Fig 2). Habitat and hemolymph osmolalities are positively related (R2 = 0.57, P = 0.02) in Uca, suggesting that 

hemolymph osmolality has evolved associated with habitat salinity (Fig 3). At more inclusive levels, osmoregulatory ability and salinity are also associated, disclosing a role for both salinity and 

shared inheritance in driving the evolution of osmoticphysiology in fiddler crabs (Fig 3).  
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Fig 1. Hemolymph osmoregulatory capability of ten Uca species from Brazilian coast, after 5 

days direct exposure from water of the collecting site to different salinities. Each 1% S 

corresponds to 30 mOsm/kg H2O. 

Fig 3. Estimation of ancestral states by squared-change parsimony analysis for habitat (left panel) and hemolymph osmolalities (right panel) in a modified Uca 

phylogeny (Rosenberg 2001). Both traits are positively associated (PGLS, R2 = 0.57, P = 0.02. α=0.03 for habitat osmolality, and α=0.31 for hemolymph 

osmolality) suggesting an evolutionary linkage between hemolymph osmolality and habitat salinity. A, B, C and D are natural groupings particularly relevant to 

the interpretation of osmoregulatory evolution [A, genus Uca; B and C, Atlantic groups; D, Pacific clade]. 

Conclusions 

• There are consistent differences in osmoregulatory ability among Uca species. These dissimilarities are the 

consequence of habitat salinity and shared inheritance; 

• Osmoregulatory physiology in Uca shows strong phylogenetic structuring with significant signal in the first and last 

distance classes; 

• The evolution of osmoregulation in Uca is linked to habitat salinity at the species level and in more inclusive groups. 

 

 Fig 2. Phylogenetic correlogram showing five Moran’s I coefficients for habitat and hemolymph 

osmolalities, and osmoregulatory capability, in a modified Uca phylogeny (Rosenberg 2001) 

with 24 species. Dashed line indicates the expected value under the null hypothesis of no 

autocorrelation. 
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