
Published as: Leliaert F & De Clerck O. 2017. Refining species boundaries in algae. Journal of 

Phycology 53: 12-16  DOI: 10.1111/jpy.12477 

 

Algal Highlights 

Refining species boundaries in algae 

For centuries biologists have struggled with ‘the species problem’, the question of what a species is. Both 

the nature of species and the criteria used to define them have quasi incessantly and often intensely been 

debated. The fundamental issue whether species are real entities or rather the product of our propensity to 

classify biodiversity seems largely settled in favour of the former. Species are real, but perhaps not real in 

the sense that everyone would like. First, Darwin’s evolutionary theory essentially killed the typological 

view of species and paved the way for a genealogical concept of species, groups of organisms linked by 

historical lines of descent. During the Modern Synthesis and under the influence of Dobzhansky (1935) 

and Mayr (1942), however, species became equivalent to groups of interbreeding organisms (the 

biological species concept). This view significantly promoted the idea of species as ‘fundamental units in 

biology’, but differed significantly from Darwin’s original view of species (Mallet 2010). A general 

lineage concept of species, which regards species as separately evolving metapopulation lineages in 

which mutation, selection, migration, and drift are acting independently (Wiley 1978), shifted the 

emphasis back to the genealogical nature of species by making a clear and explicit distinction between the 

theoretical concept of species and the operational criteria that are used to diagnose them (De Queiroz 

2007). 

The conception that species are separately evolving metapopulation lineages along with theoretical 

progress in phylogenetic and population genetic analyses has led to the development of a wide array of 

methods aimed at identifying such lineages and hence delimiting species (Camargo and Sites 2013). Gene 

trees inferred from loci that bridge intraspecific and interspecific variation are vital to understanding the 

process of speciation and thus defining species boundaries. Whereas gene trees were in the past often 

used to delimit species on some kind of (often) subjective threshold (e.g. genetic distance), new model-

based methods offer the promise to make species delimitation based on DNA sequence data more 

effective and objective. Several of these methods also provide statistical support regarding species 

boundaries, which is important in lineages that have recently diverged, or are still in the process of 

speciation. In such recently diverging species complexes, species delimitation based on a single marker 

has progressively made place for methods incorporating multiple unlinked loci, which enable accounting 

for confounding processes like incomplete lineage sorting or hybridisation (Dupuis et al. 2012). 



Crucial in this paradigm shift regarding species delimitation, is that a general consensus is growing 

among systematic biologists that all other information which may aid as diagnostic characters for species 

is subordinate to DNA sequence data. In other words, species may or may not be morphologically or 

ecologically distinct or even reproductively isolated. Because species evolve separately, or because 

adaptation to specific niches drives their divergence, species are often phenotypically distinct, and in 

many cases these differences may thus serve as diagnostic evidence relevant for species delimitation. 

However, morphological or ecological divergence, and reproductive isolation is often lagging, making 

species delimitation using phenotypic data problematic in these cases. This is especially true for recently 

diverged species, and in taxonomic groups that are morphologically simple, such as many algae (John and 

Maggs 1997, Leliaert et al. 2014). 

 

 

Fig. 1. Ectocarpus sp. strain NZKU 1–3 (CCAP 1310/56) in culture (photo by ODC), and cox1 

phylogenetic tree of the Ectocarpus subgroup siliculosi showing the 15 DNA-delimited species by 

Montecinos et al. (2016). 



 

The study by Montecinos et al. (2016), published in this issue, is an excellent example of how phycology 

has embraced this new trend in species delimitation. The paper focusses on the brown filamentous 

seaweed Ectocarpus, a genus with a notorious difficult taxonomic history. Ectocarpus is widely 

distributed in intertidal pools and subtidal habitats of temperate regions in both hemispheres. Although 

one of the species, E. siliculosus, has become a genetic and genomic model organism for the brown algae 

(Cock et al. 2010), species diversity and geographical distributions are not fully documented. The long 

and confounded taxonomic history of the genus has resulted in the description of nearly 500 species, 

subspecies, varieties and forms, many of which have later been synonymized or have an uncertain status. 

Within E. siliculosus, the focal taxon of the study by Montecinos et al. (2016), early breeding experiments 

performed by Dieter Müller showed the existence of pre- or post-zygotic reproductive barriers between 

isolates from different geographical areas (Müller 1976, 1988), suggesting a species complex. The 

presence of multiple cryptic species within what is now called the Ectocarpus subgroup siliculosi was 

later confirmed by DNA sequence data. Stache-Crain et al. (1997), using nuclear and plastid markers, 

revealed several distinct clades from different geographical regions, corresponding generally with results 

from cross-fertilization experiments. The number of clades increased with expanded taxon sampling 

(Peters et al. 2010a, 2010b, 2015), but associating these clades with species boundaries remained 

tentative. 

Montecinos et al. (2016) recognise 15 cryptic species within the Ectocarpus subgroup siliculosi (Fig. 1), 

and they base their conclusions on solid molecular data and statistical methods for DNA-based species 

delimitation. Analyses were based on an extensive set of 729 samples collected mainly along the 

European and Chilean coasts, and two unlinked loci: the mitochondrial cytochrome oxidase 

subunit 1 (cox1) and the nuclear rDNA internal transcribed spacer 1 (ITS1). Two algorithmic species 

delimitation methods were employed. In a first method, a model that combines a coalescent model of 

intraspecific branching with a Yule model for interspecific branching (general mixed Yule-coalescent or 

GMYC model) (Pons et al. 2006) was fitted to an ultrametric cox1 tree, resulting in an estimation of 16 or 

22 species, depending on a threshold parameter in the model. The GMYC method is based on expected 

differences between species-level evolutionary processes and population-level evolutionary processes, 

which are observable as a shift in branching rates in a gene tree, and can be statistically determined using 

a likelihood method. The second method used, “Automatic Barcode Gap Discovery” (Puillandre et al. 

2012), relies exclusively on genetic distances between DNA sequences and aims at automatically 

detecting a discontinuity between inter- and intraspecific genetic distances, the so-called barcoding gap. 

Results of this analysis were slightly more conservative that the GMYC outcome. Finally the topology of 



the cox1 tree was compared with the ITS tree in a search for concordant terminal clades to serve as 

additional evidence for species boundaries. The rationale behind this approach is that within species, the 

mixing effects of recombination would result in different genealogies of unlinked loci, whereas between 

species, lineage sorting would lead to concordant genealogical histories. Hence, species can be identified 

if gene genealogies of multiple unlinked loci show congruent patterns of reciprocal monophyly (Avise 

and Ball 1990). 

Because every species delimitation method has its flaws as it makes a number of simplifying 

assumptions, and because different methods may yield different results, Carstens et al. (2013) 

recommended on applying a wide range of methods and “place their trust in delimitations that are 

congruent across methods”. This is exactly how Montecinos et al. (2016) proceeded: by taking a 

conservative combined approach, the authors settled on 15 species within the Ectocarpus subgroup 

siliculosi. The 15 species showed different patterns of geographical distributions, varying from rare 

species with narrow ranges to common cosmopolitan species (E. siliculosus and E. crouaniorum). 

Interestingly, one of the species with smallest geographical range turned out to be the genome-sequenced 

species (Cock et al. 2010), which is apparently restricted to the Peruvian Province and exhibits very low 

genetic diversity. As was suggested earlier, the genome-sequenced species is different from E. siliculosus, 

a globally distributed and genetically diverse species. Another interesting observation is that several of the 

different cryptic species have been observed to occupy different spatio-temporal ecological niches related 

to different tide levels and/or host specificity. For example, E. crouaniorum is consistently found higher 

on the shore than E. siliculosus along in the North Atlantic. Finally, the nuclear and mitochondrial gene 

genealogies were found not to be completely concordant, which let the authors to conclude that some 

species still hybridise, or that incomplete lineage sorting was still significant in these recently diverging 

species lineages. These results support previous observations of incomplete reproductive barriers in 

culture and in the field (Müller and Kawai 1991, Peters et al. 2010a, 2010b). 

A nomenclatural question that emerges from the Montecinos et al. (2016) paper is whether all species 

should have a name, and by extension, if these names should be Latin binomials. Only two of the 15 

delimited Ectocarpus species were named (E. siliculosus and E. crouaniorum), while the other species 

received numbers. More than 350 species names are available for Ectocarpus, and it is obvious that with 

the large number of synonyms, and the high level of observed cryptic diversity, the status of many of 

these names is uncertain. This uncertainty hampers the correct assignment of names to DNA-delimited 

species, as well as the description of new species based on DNA data. Ectocarpus is not an exception: an 

increasing number of algal studies fail to link DNA sequences to available taxon names (De Clerck et al. 

2013). A commonly adopted solution is the use informal species identifiers (codes or numbers), but such a 



system may be unstable when such identifiers are not used consistently. An apparent solution for 

matching old names with DNA data is sequencing of type specimens. A number of studies have resolved 

taxonomic problems by integrating type material in molecular systematic studies (e.g., Hughey et al. 

2001, Saunders and McDevit 2012a, Hind et al. 2014, Vieira et al. 2016). However, sequencing type 

material is obviously not a general panacea as a large proportion of types are unavailable or cannot be 

sequenced due to technical limitations (Saunders and McDevit 2012b). An alternative solution, which 

finds increasing acceptance in algal taxonomy is the selection and sequencing of epitypes (a specimen 

selected to serve as an interpretative type when the holotype or lectotype cannot be critically identified for 

purposes of the precise application of the name of a taxon (McNeill et al. 2012)), but also this procedure 

is not entirely free of problems (Vieira et al. 2016). Most importantly, there is a need for a stable and 

functional system to communicate biological diversity. We leave open the question of whether this should 

be through formal Linnaean names or some other type of unique species identifiers. 

The use of multi-locus data and model-based species delimitation methods is becoming increasingly 

established in algal studies, and is pointing phycologists toward more realistic species boundaries (Payo et 

al. 2013, Leliaert et al. 2014, Pardo et al. 2014, Muangmai et al. 2014, Sadowska-Deś et al. 2014, Vieira 

et al. 2014, Allewaert et al. 2015, Liu et al. 2015, Parkinson et al. 2015, Škaloud et al. 2015, Machín‐

Sánchez et al. 2016, Malavasi et al. 2016, Guillemin et al. 2016). Some of these studies also suggest that 

traditional or new species concepts in algae are often/still too broadly defined because of the imposement 

of strict thresholds for delimiting species, such as reciprocal monophyly and congruence of gene trees. 

Monophyly and genealogical concordance of unlinked loci is indeed expected among well-diverged 

species for reasons explained above. However, these criteria will probably fail to detect species 

boundaries between younger species where the effect of incomplete lineage sorting is still apparent (Avise 

and Wollenberg 1997). Methods that extend coalescent models to the interspecific level aim at detecting 

signals of species divergence in gene trees without imposing a monophyletic threshold, and offer 

perspectives for testing species boundaries in young groups (Knowles and Carstens 2007). In the red alga 

Portieria, multispecies coalescence methods have been applied and resulted in the delimitation of 

multiple species with extremely narrow geographical ranges (Payo et al. 2013). Likewise in Fucus, one of 

the better studied algal groups, it has become clear that defining species boundaries can be confounded by 

shallow diversification and intricate evolutionary histories, including hybridisation and introgression 

(Coyer et al. 2011, Zardi et al. 2011). Species delimitation in these species complexes will require 

additional data, sampled genome wide (e.g., microsatellites and single-nucleotide polymorphisms, SNPs) 

to untangle confounding evolutionary events. Genome-wide SNP data have been proven indispensable to 

delimit species in recent radiations of animal and land plants, with hybridization occurring between 

species (Shaffer and Thomson 2007, Wagner et al. 2013, Pante et al. 2015, Boucher et al. 2016, Razkin et 



al. 2016). Algal species delimitation studies will undoubtedly follow, and will continue to change our 

understanding of algal diversity. 
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