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General outline 

• How to delimit the microalgal species? 

 

• What are the general causes of microalgal speciation? 

 

• What I do when I cannot asleep... 



How to delimit the microalgal species? 



• The traditional tool in describing the diversity 

 

Morphological species concept 



• Still applied in some algal groups (e.g., diatoms) 

 

Morphological species concept 

Van de Vijver et al. (2013): Fottea 13: 1-14 



• Poor knowledge of the phenotypic plasticity 

• Micractinium 

 

Luo et al. (2006): Protist 157: 315-333 

Brachionus 

Morphological species concept 



• Dictyosphaerium 

 

Morphological species concept 



Morphological species concept 

• Convergent morphological evolution = 9 cryptic genera 

 

 

Chlorella Heynigia 

Dictyosphaerium Mucidosphaerium 

Hindakia 

Mychonastes     Compactochlorella Masaia Kalenjinia 

Škaloud et al. (2014): Fottea 14: 53-62 



• Applied for sexually reproducing organisms only 

Biological species concept 

Poulíčková (2008): Preslia 80: 87-99 



Vanormelingen et al. (2008): Protist 159: 73-90 

Biological species concept 

• Laboratory  vs  nature 

 mating of allopatric populations 

 

X OK 



• Based on a tree topology 

Phylogenetic species concept 



• Where are the species barriers? 

 

 

Phylogenetic species concept 



• Where are the species barriers? 

 

 

Phylogenetic species concept 

DNA species delimitation 



• DNA barcoding 

Meyer & Paulay (2005): PLoS Biol. 3: e422 

DNA species delimitation 



• Uneven mutation rates  

 tropical vs temperate zone 

 islands vs continents 

 free-living vs symbionts 

 ... 

 

Wright et al. (2009): Evolution 63: 2275-2287 

DNA species delimitation 



• Uneven mutation rates  

 

Škaloud et al. (2015): J. Phycol. 51: 507-527 

DNA species delimitation 



• CBC species concept 

 

 

Coleman (2007): Nucleic Acids Res. 2007: 1-8 

DNA species delimitation 



• ITS-2 barcoding concept 

Demchenko et al. (2012): Eur. J. Phycol. 47: 264-290 

DNA species delimitation 



• Coalescence-based species concepts 

• GMYC, BP&P, bPTP, ..... 

 

DNA species delimitation 

interspecific intraspecific 



• Coccomyxa 

DNA species delimitation 

Darienko et al. (2015): Plos ONE 10: e0127838 



• Coccomyxa 

DNA species delimitation 

original dataset: 

 

 43 sequences 

 

new dataset 

 

   61 sequences 

 



• Coccomyxa 

DNA species delimitation 

original GMYC: 

 

 9 species 

 

new GMYC 

 

   24 species 



How to delimit the microalgal species? 

• No one species concept is universally applicable  

 

• Polyphasic approach? 

 

• Better understanding of speciation mechanisms? 



What are the general causes of microalgal speciation? 

1. Allopatric / sympatric speciation models  

2. Speciation mechanisms in microalgae 

3. Testing the significance of different speciation models in a microalgal model 



Models of speciation 

• Species = populations with distinguishing characteristics 

• Barriers to gene flow as a key factor in speciation 

 

Leliaert et al. (2014). Eur. J. Phycol. 49: 179-196 



Models of speciation 

• Allopatric speciation = geographical barrier to gene flow 

• Ernst Mayr (1946): “differentiation of populations must be 

preceded by geographical or other means of physical 

isolations” 

Knowlton et al. (1993). Science 260: 1629-1632 



Models of speciation 

• Sympatric ecological speciation = barrier to gene flow as a result of 

ecologically-based divergent selection 

 

• Ecological factors of speciation: 

o Habitat isolation (salinity levels, substrate types, host species ...) 

o Temporal isolation (flowering times) 

o Sexual isolation (selection for body size) 

o Gametic isolation (gamete recognition mechanisms) 

o Postzygotic isolation (hybrid low fitness / lethality) 

o Cytological isolation (polyploidisation) 



Models of speciation 

• Parallel speciation of three-spined stickleback in Canadian lakes 

o Limnetic species = open-water, larger form 

o Benthic species = bottom/feeding, smaller form 

 

Rundle et al. (2000). Science 287: 306-308 



Speciation in microalgae 

• Only a very small fraction of papers focusing on speciation is dealing with 

eukaryotic microorganisms.  

• Thought microalgae are extremely numerous and essential in global 

ecosystem functioning, our knowledge of their speciation is vastly limited. 

Web of Science litera-

ture search for papers 

of the topic “speciation” 

for the years 1993–

2014, refined to sub-

ject areas “evolutionary 

biology,” “ecology,” or 

“genetics and heredity.”  

Papers refined to topic 

“algae”, “protist” or 

“protozoa” are given in 

orange. 



Specificity of protist organisms 

• Short generation time 

• Enormous population sizes 

• Unlimited dispersal & gene flow 

Unlike the macroorganisms: 

 

• Ubiquitous distribution 

• Absence of population differentiation 

• Barriers to gene flow extremely rare 

• Very low speciation rate 

 

 

How do the microalgae speciate? 

 

Finlay & Fenchel (1999). Protist 150: 229-233 



Genetic structure of microalgal populations 

Rengefors et al. (2012). Mol Ecol 21: 3200–3209 Evans et al. (2009). Protist 160: 386–396 

• Scrippsiella hangoei • Sellaphora capitata 



Mechanisms of microalgal speciation 

Genetic differentiation of microalgal species into distinct populations 

 

 

 

 

 

Mechanisms of gene flow restriction? 



Mechanisms of microalgal speciation 

1. Geographic isolation Evans et al. (2009). Protist 160: 386–396 

Casteleyn et al. (2010). PNAS 107: 12952-7 



Mechanisms of microalgal speciation 

1. Geographic isolation 

Souffreau et al. (2010). Phycologia 49: 309-324 

• Freshwater and terrestrial diatoms = the absence of dessication-resistant 

cysts can cause the limited dispersal.  



Mechanisms of microalgal speciation 

1. Geographic isolation 

Škaloud, Škaloudová, Procházková & Němcová (2014). Eur. J. Phycol. 49: 213-229 

• Synura hibernica – restricted to western Ireland 



Mechanisms of microalgal speciation 

2. Ecological isolation 

Logares et al. (2007). Microb. Ecol. 53: 549-561 

Scrippsiella hangoei - brackish 

Peridinium aciculiferum - freshwater 

• Recent marine-freshwater 

transition of a dinoflagellate 

accompanied with a significant 

morphological differentiation 

• Identical ITS and SSU rDNA 

• Probably a rapid postglacial 

disruptive ecological selection  

(~ 10,000 years BP) 



Mechanisms of microalgal speciation 

2. Ecological isolation • Symbiodinium 

Byler et al. (2013). Plos ONE 8: e59596. 



Mechanisms of microalgal speciation 

3. Temporal isolation 

Rynearson al. (2006). Microb. Ecol. 53: 549-561 

• Population of Ditylum brighwellii 



Mechanisms of microalgal speciation 

4. Polyploidisation 

Poulíčková, Mazalová, Vašut, Šarhanová, Neustupa & Škaloud (2014). Plos ONE 9: e86247 

• Micrasterias = DNA content 2.1-39.2 pg  17-250 chromosomes 

 

SVCK 287 

 159 chro- 

mosomes 

SVCK 26 

 226 chro- 

mosomes 

CAUP K604 

 250 chro- 

mosomes 



Mechanisms of microalgal speciation 

5. Gametic incompatibility  

 

• Chlamydomonas, Pandorina 

 
Coleman (2001). J. Phycol. 37: 836-851 

6. Host specificity  

 

• Symbiodinium 

 
LaJeunesse & Thornhill (2011). Plos ONE  

6: e29013 

7. Monopolization  

 

• Chlamydomonas, Ochromonas, 

Oxytricha 

 
Weisse et al. (2011). Ecosphere 2: 134 

Montipora 

...... 



Testing speciation models 



Testing speciation models 

• Speciation by geographic isolation – over time, the amount of overlap 

between the geographic ranges of species can only increase from zero. 
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Testing speciation models 

• Speciation by geographic isolation – over time, the amount of overlap 

between the geographic ranges of species can only increase from zero. 
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Testing speciation models 

• Speciation by ecological isolation - niche differentiation, habitat similarity 
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Testing speciation models 

• Asterochloris (Trebouxiophyceae, Chlorophyta) 

Stereocaulon Cladonia Lepraria 

Škaloud & Peksa (2010). Mol. Phyl. Evol. 54: 36-46 

chloroplast morphology 



Testing speciation models 

• Asterochloris (Trebouxiophyceae, Chlorophyta) 

o A robust species concept = species characterized genetically, 

morphologically, ecologically, and with respect to their mycobiont 

partners. 

Škaloud, Steinová, Řídká, Vančurová & Peksa (2015). Journal of Phycology 51: 507-527 



Testing speciation models 

• Asterochloris (Trebouxiophyceae, Chlorophyta) as a model genus 

o A robust species concept 

o A well known overall diversity 

o Worldwide sampling 

o “Visible” in the nature as a lichen inhabitant 

o Lichens serve us as very effective algal containers 



Testing speciation models - Asterochloris 

• Which are the main factors structuring the extant diversity? 

 

o Variation partitioning analysis (relative contribution of geography, 

climate, substrate, and mycobiont to the algal distribution) 

 

• What are the predominant speciation mechanisms? 

 

o Phylogenetic comparative  

methods (overlaps in geogra- 

phic distributions, niche  

models, substrate and  

mycobiont similarity) 



Testing speciation models 

• Total of 740 algal samples 

• algal ITS rDNA + actin sequences 

• precise geographic coordinates 

• climatic data (20 bioclimatic variables) 

• substrate data 

• mycobiont identity (ITS rDNA sequence) 

 



Testing speciation models - Asterochloris 

• Which are the main factors structuring the extant diversity? 

 

 

 

 

P geography 

   = 0.001 

P climate 

   = 0.001 

P mycobiont 

   = 0.001 

P substrate 

   = 0.002 

 

 



Testing speciation models - Asterochloris 

• What are the predominant speciation mechanisms? 
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genetic distances 

g
e
o
g
ra

p
h
ic

 o
v
e
rl
a
p
 

m
y
c
o
b
io

n
t 

d
is

s
im

ila
ri
ty

 

s
u
b
s
tr

a
te

 d
is

s
im

ila
ri
ty

 

n
ic

h
e
 o

v
e
rl
a
p
 P = 0.723 P = 0.464 

P = 0.939 P = 0.009 



Testing speciation models - Asterochloris 

• What are the predominant speciation mechanisms? 
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What are the general causes of speciation? 

• Analysis of extant data only, without applying the phylogenetic comparative 

methods, can be misleading in estimating the speciation mechanisms 

 

• In Asterochloris, species are generating by ecological speciation via 

divergent habitat selection. Their distribution is, however, shaped to a large 

extent by mycobionts 

 

• Ecological speciation (microallopatry) can have a major role in microalgal 

species diversification, especially in groups exhibiting unlimited dispersal 

 

• In defining microalgal species, we should primarily focus on ecological 

differentiation of genetic lineages. 



Ecological speciation 

• Klebsormidium (Klebsormidiophyceae, Streptophyta) 



Ecological speciation 

• Klebsormidium (Klebsormidiophyceae, Streptophyta) 

Ryšánek et al. (2015): Environ. Microbiol. 17: 689-698 



Ecological speciation 

• Klebsormidium (Klebsormidiophyceae, Streptophyta) 
• Strong ecological preferences of the lineages to one of three habitat types 

 

artificial substrates natural substrates aquatic habitats 

Škaloud & Rindi (2013): J. Euk. Microbiol. 60: 350-362 



Ecological speciation 

• Klebsormidium (Klebsormidiophyceae, Streptophyta) 



Ecological speciation 

• Klebsormidium (Klebsormidiophyceae, Streptophyta) 



Ecological speciation 

• Synura (Chrysophyceae, Stramenopiles) 



Ecological speciation 

• Synura (Chrysophyceae, Stramenopiles) 

S. macropora: adaptation to eutrophic 

conditions (less availability of silica 

could cause a shift from heavily to less 

silicified scales 

S. hibernica: adaptation to oligotrophic 

conditions (less availability of nutrients 

could cause cell elongation - to achieve 

a high surface-to-volume ratio) 

Škaloud et al. (2014): Eur. J. Phycol. 49: 213-229 



Scale structure 

• Synura (Chrysophyceae, Stramenopiles) 



Scale structure 



Scale structure 



Scale structure 

7479 nodes 2527 lines 

152 rods 809 planes 



Future plans 



Scale structure 



Future plans 



Future plans 



Siver (1988): Trans. Am. Micro. Soc. 107: 380-385 





        real scale                     no keel                        no rim                        no struts 

tension (stress) 
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