
1ISSN 1864-5755

66  (1): 1 – 102

14.4.2016©  Senckenberg Gesellschaft für Naturforschung, 2015.

Old�ich �í�an, Lubomír PiÆlek, KlÆra DragovÆ & Jind�ich NovÆk

Diversity and evolution of the Middle American cichlid �shes (Teleostei: Cichlidae) 
with revised classi�cation

1.	 Introduction .......................................................................................................................................................................................  4

2. 	 Material and Methods .....................................................................................................................................................................  7
	 2.1. 	 Molecular methods ..................................................................................................................................................................  7
	 2.2. 	 Morphological methods ...........................................................................................................................................................  8
	 2.3. 	 Ecology and ecomorphology of the Middle American cichlids ..............................................................................................  9
	 2.4. 	 Phylogenetic methods .............................................................................................................................................................  9
	 2.5. 	 Character evolution .................................................................................................................................................................  9
	 2.6. 	 Biogeographical methods ......................................................................................................................................................  10
	 2.7. 	 Generic classi�cation .............................................................................................................................................................  11

3.	 Results .............................................................................................................................................................................................  11
	 Phylogeny
	 3.1. 	 Sequence quality, species determination, and comparison with previous molecular phylogenies ....................................  11
	 3.2. 	 Bayesian phylogenetic analyses ...........................................................................................................................................  12
	 3.3. 	 Molecular phylogeny using genus-level sampling: comparing phylogenetic signals in molecular datasets ......................  12
	 3.4. 	 Combined molecular-morphological phylogenies .................................................................................................................  13
	 3.5. 	 Molecular phylogenies using species-level sampling ...........................................................................................................  13
	 3.6. 	 Molecular phylogeny using population-level sampling .........................................................................................................  13
	 3.7. 	 Novel nDNA molecular phylogeny based on reduced genome representation (ddRAD analysis)  
			   using species-level sampling ..................................................................................................................................................  13

	 Systematics
	 3.8. 	 Descriptions of new genera of South and Middle American cichlids ..................................................................................  22
	 3.9. 	 Revised diagnoses of South and Middle American heroine cichlid genera ........................................................................  28

	 Review of morphological characters used in Middle American cichlids
	 3.10. 	Re-examination of published morphological characters � morphological phylogenies re�ect ecomorphologies, 
			   not phylogenetic relationships ..............................................................................................................................................  46

	 Ecomorphological diversity
	 3.11.	 Ecomorphologies of Middle American heroine cichlids .......................................................................................................  49

	 Evolution of morphology
	 3.12. 	Reconstructing the ancestor of Middle American cichlids ..................................................................................................  50
	 3.13.	 Evolution of ecomorphologies ...............................................................................................................................................  51
	 3.14. 	Repeated evolution of ecomorphologies ..............................................................................................................................  56
	 3.15. 	Evolution of cranial characters ..............................................................................................................................................  56
	 3.16. 	Evolution of postcranial characters .......................................................................................................................................  66
	 3.17. 	Diversity of Middle American and related heroine cichlids as combinations of cranial and 
			   postcranial ecomorphs ..........................................................................................................................................................  73

	 Evolution of coloration patterns
	 3.18. 	Evolution of adult coloration patterns ...................................................................................................................................  76



�����, O. et al.:  Diversity and evolution of Middle American cichlids

2

	 3.19. 	Evolution of larval coloration patterns and their possible life history correlates .................................................................  81

	 Evolution of life-history traits
	 3.20. 	Evolution of body size ............................................................................................................................................................  86
	 3.21. 	Diversity of reproductive strategies .......................................................................................................................................  86
	 3.22. 	Evolution of egg size ..............................................................................................................................................................  89

	 Biogeographical evolution
	 3.23. 	Biogeographical context of Middle American cichlid diversi�cation ...................................................................................  89

4. 	 Discussion .......................................................................................................................................................................................  94
	 4.1. 	 Repeated evolution of ecomorphologies and a solution for the generic classi�cation 
			   of the Middle American cichlid clade ...................................................................................................................................  94
	 4.2. 	 Biogeography trumps morphology as indicator of phylogenetic relationships ...................................................................  95
	 4.3. 	 Repeated evolution of ecomorphologies and adaptive radiations .......................................................................................  96
	 4.4. 	 Comparisons of the Middle American cichlid diversi�cation to lacustrine diversi�cations in Africa .................................  97

5. 	 Conclusion .......................................................................................................................................................................................  97

6.	 Acknowledgements ........................................................................................................................................................................  98

7. 	 References .......................................................................................................................................................................................  99

































�����, O. et al.:  Diversity and evolution of Middle American cichlids

18



19

VERTEBRATE ZOOLOGY  —  66 (1) 2016





































































53

VERTEBRATE ZOOLOGY  —  66 (1) 2016

	 Herbivory (either strict or in the form of lentic de-
tritivores and rheophilic periphyton scrapers) shows the 
highest number of independent cases of evolution, often 
quite complex and with intertwined ecomorphologies 
(especially between lentic detritivores and rheophilic 

scrapers). There are three independent cases of virtu-
ally strict herbivory (either algae as in Herotilapia and 
Neetroplus, or macrovegetation in Cincelichthys), seven 
cases of independent evolution of rheophilic periphy-
ton scrapers (Tomocichla, Neetroplus, Talamancaheros, 

Fig. 8b.
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Theraps, Chuco, Rheoheros, Paraneetroplus), nine cases 
of independent evolution of lentic detritivores (Amatitla-
nia, Archocentrus, Cryptoheros, Herotilapia, Cincelich
thys, Maskaheros, Vieja, Isthmoheros, Panamius), two 
cases of independent evolution of lotic detritivores (Hyp-

sophrys, Herichthys) and one case of evolution of a post-
cranially ancestral detritivore (Astatheros). 
	 The evolutionary trajectories among the herbivores 
are the most complex among the Middle American cich-
lids. Herbivory in general has in Middle American cich-

Fig. 8c.






































































































