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Gulliver 1875

The shape of RBCs 

varies among 

vetebrate clades and 

this has been known 

for quite some time



Anderson et al. 2018

Mammals are the only 

lineage whose RBC lost 

the nucleus. This is has 

consequences to the  

imunological 

functions of RBCs



Introduction

• Several factors can affect the composition and shape of RBC in 
fish

• Health status

• Amount and dynamics of hemoglobin

• Cell maturation stage

• Environmental factors 

• Larger cells are more deformable than smaller ones

• Temperature and body mass => increase cell volume 

• Larger nucleus => genome size / metabolism



What is lacking?

• Little is known about which factors are involved in the variation of 
RBC volume throughout the fish tree of life and its implications 

• The relative role of phylogenetic relationships and abiotic factors in 
determining RBC shape remain unexplored.



Questions

• How RBC shape evolved in fish

• Species maximum size and their habitat affect RBC shape

• Phylomorphospace of RBC shape 

• Phylogenetic signal and rate of evolution



Hypothesis

• Species that live closer to the surface would have smaller RBC due to 
higher surface area to volume ratio

• Smaller species would have larger RBC, because they would have 
higher metabolic rate

• Closely-related species would be grouped together in the 
phylomorphospace



Data from the data base

http://www.genomesize.com/cellsize/fish.htm

Four variables:

cell largest and smallest diameter 

and nucleus largest and smallest 

diameter

38 species from 21 orders of Teleostei

12 species of four orders of Elasmobranchii



After Rosenfeld (1947) and 

Tavares-Dias e Moraes  (2003)

Data from field-collected fish

● Blood smears for 15 species of Teleosts

● May-Grunwald-Giemsa-Wrigth (MGGW) 

● 5 individuals per species

● 50 cells per animal => 250 cells per species

Methods



First-order stereological variables

largest and smallest diameter (μm)

 of cells and nucleus

Second-order stereological variables

❏ Cell volume (μm³)

 Cell and nucleus area (µm²); 

❏ Nucleus:cytoplasm ratio (%)

❏ Nucleus volume (μm³) 

❏ Shape factor



Rabosky et al. 2018 Nature

53 species 

from 24 orders



Stein et al. 2018 Nat Ecol Evol



Methods

• Phylogenetic Comparative methods for multivariate data

• Phylomorphospace: Phylogenetic Principal Component Analysis 
(pPCA)

• Phylogenetic signal: Kmult with all PCs

• Multivariate PGLS for testing the relationship between RBC shape ~ 
habitat + maximum size

• Rate shift: RRphylo for estimating evolutionary rate in tips and nodes, 
and testing for rate shifts throughout the phylogeny



RESULTS

(1000x)



Results

Kmult = 0.6439; 

Effect size = 2.0907; 

P = 0.017

Freshwater

Saltwater

!!Shape of saltwater 

species is more 

constrained than 

freshwater ones !!



Results

Kmult = 0.4862;

Effect size = 0.623; 

P = 0.4862



Results: RRphylo



Results = PGLS



Conclusion

• RBC of fish vary greatly in shape, but neither habitat nor body explain 
it.

• RBC shape may not be entirely determined by partial pressure of 
dissolved oxygen in water

• RBC in fish have their own organelles and can rapidly respond to changes in 
O2 levels

• Future studies should use quantitative genetic approaches to explore 
the underlying genetic basis for RBC morphology, possibly using 
geometric morphometrics and experiments



Thank you !

Feel free to contact me if you have 
any further questions

diogo.provete@ufms.br
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