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Does altitude shape molecular diversity and  
richness of bryophytes in Madeira’s natural forest?  

A case study with four bryophyte species at two altitudinal levels
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INTRODUCTION

The deýnitions of biodiversity usually refer to three main 
levels, namely, ecosystem variation, species variation, and 
genetic variation. The latter is generally not included in con-
servation strategies and environmental policies (Laikre et al. 
2010, Taberlet et al. 2012). However, the signiýcance of ge-
netic diversity within species (Papageorgiou & Kasimiadis 
2013) and the importance of maintaining it to reduce extinc-
tion risk are recognised by the IUCN and the scientiýc com-

munity (Frankham et al. 2002, Hobbs et al. 2013). In fact, 
intraspeciýc variation provides the material for long term 
evolutionary adaptation and short term adaptation to sea-
sonal and rapid þuctuations of environmental factors (Ramel 
1998), being of great importance for the ability of species to 
survive to environmental changes (Frankham 1996, Hughes 
et al. 1997, Bolnick et al. 2011).

Knowledge of species genetic structure is therefore im-
portant to evaluate species viability and to help establishing 
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REGULAR PAPER

Background and aims – The importance of altitude as a driver of both species and genetic diversity 
has been widely acknowledged, since it affects other environmental variables such as temperature and 
precipitation, also inþuencing the distribution of plant species and, potentially, intraspeciýc genetic 
variation. In this study, we hypothesize that molecular (haplotype) variation within four Macaronesian 
bryophyte species co-varies with other diversity variables for two altitudinal levels.
Methods ï Samples with molecular and þoristic data were grouped into two altitudinal levels for mean 
comparisons. We measured the genetic diversity (haplotype diversity) of four bryophytes (Exsertotheca 
intermedia, Isothecium prolixum, Frullania polysticta and Porella canariensis) and determined þoristic 
richness variables as well as each species cover using the data collected in 92 plots across the natural 
Laurel forest of Madeira Island. Molecular analyses included the sequencing of ITS1-5.8S-ITS2 and the 
chloroplast DNA rps4-trnT-trnL region. A haplotype diversity index, based on haplotype frequencies, was 
also calculated and compared with the percentage of sporophytes, for each studied species.
Key results – The results obtained by the mean comparisons revealed that bryophyte species richness 
and endemic species richness are higher for high altitudes levels in the natural forest. A coincident pattern 
between the species richness and the genetic diversity was observed for the mosses I. prolixum and E. 
intermedia, in which a higher species cover and genetic diversity occurred at high altitudes. However, F. 
polysticta displayed an inverse pattern, and P. canariensis did not present any signiýcant differences in 
cover and haplotype frequency means.
Conclusion ï From a conservation and management perspective, our ýndings highlight the importance of 
maintaining large patches of Macaronesian bryophyte species, since our results indicate a possible effect 
of altitude on species cover, affecting species genetic diversity. This should be considered in management 
plans, especially for endemics and red-listed species.
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