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Males and females: WHY…

…only two sexes?
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Gametes: what are they?

eukaryotic sex = meiosis

(Normark et al. 2003: Biol J Linnean Soc)



embryo

eukaryotic sex = meiosis

meiosis followed by the fusion of meiotic products



Sex: how does it work?

eukaryotic sex = meiosis + fertilisation

Sex  =>  variability



Sex: consequences

Reproductive isolation promotes speciation

Biological Concept of Species:

“organisms are classified in the same species if they are potentially 

capable of interbreeding and producing fertile offspring”

Sex is important to originate and maintain diversity



Speciation

--- highly controversial issue in evolutionary biology ---

Coyne & Orr, 2004. Speciation. Sinauer Associates, 545 pp.

reproductive isolation

with

interruption of gene flow between populations

Are there ‘species’ in parthenogenetic/asexual animals?



Bdelloid rotifers: MEIOFAUNA

- Obligate parthenogenesis

- ca. 450 recognised morphological species

EVOLUTIONARY SCANDAL



Three alternative hypotheses

1- Bdelloid rotifers have ‘hidden’ males

2- Bdelloid rotifers do not have species

3- Sex is not so important

(Fontaneto & Barraclough 2015: Integr Comp Biol)
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Bdelloid rotifers

Evidence of asexuality

- no males ever seen

- accumulation of deleterious mutations

- transposable elements

- etc.

(Shurko et al. 2009: Trends Ecol Evol)



(Flot et al. 2013: Nature)
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Three alternative hypotheses

1- Bdelloid rotifers have ‘hidden’ males -- NO

2- Bdelloid rotifers do not have species

3- Sex is not so important

(Fontaneto & Barraclough 2015: Integr Comp Biol)



Bdelloid rotifers

speciation

ca. 450 species from morphology

Are they real, 

or figments of taxonomists’ imagination?



Evidence of speciation: asexuals

H0: Entire group is a single species

swarm of clones

H1: Group has diversified into independently 

evolving sub-lineages

geographic isolation or divergent selection



Evidence of speciation

Genus Rotaria

several individuals from 9 species

from Europe, N. America, Africa, 

Australia

COI mtDNA and 

28S rDNA

Geometric morphometrics of feeding 

morphology

(Fontaneto et al. 2007: PLoS Biol)



Evidence of speciation

Species are monophyletic

on DNA trees



Evidence 

of speciation

Species form

morphological

clusters



Hypotheses for bdelloid diversity

Taxonomic figment

Clades within a single species?

swarm of clones



(Barraclough et al. 2009: Speciation & Patterns of Diversity)

Compare likelihood of H0 and H1  =>  H1 is higher

H0 H1



Hypotheses for bdelloid diversity

H0: Entire clade is a single species

H1: Clade has diversified into independently 

evolving lineages

H1a: divergent selection and ecologically distinct  

species?

H1b: complete or partial geographic isolation?



H1a: Divergent ecology

(Fontaneto et al. 2009: Mol Phyl Evol)



H1a: Divergent ecology

(Fontaneto & Ambrosini 2010: Limnol Oceanogr)



H1a: Divergent ecology

(Fontaneto & Ambrosini 2010: Limnol Oceanogr)



H1a: Divergent selection



H1a: Divergent selection

(Fontaneto et al. 2007: PLoS Biol)



(i) species, (ii) lineages and (iii) clusters

significant correlation

between genetic and geographic distances

H1b: Geographic isolation

(Fontaneto et al. 2008: Mol Ecol)



Evidence of speciation in asexuals

Bdelloid rotifers 

have diversified into independently evolving 

entities akin to species in sexual organisms

through

divergent selection

and

geographic isolation



Three alternative hypotheses

1- Bdelloid rotifers have ‘hidden’ males -- NO

2- Bdelloid rotifers do not have species -- NO

3- Sex is not so important

(Fontaneto & Barraclough 2015: Integr Comp Biol)



Theory of speciation: sexuals

1. Geographic isolation:

genetic divergence + reproductive isolation (RI)

2. Divergent selection:

selection drives divergence + origin of RI

Genetic & phenotypic clusters
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SEXUAL REPRODUCTION

&

SPECIATION

(Felsenstein 1981: Evolution)



Evidence of speciation in asexuals

Actually: a lot of diversification! 

Cryptic species

Abrochtha meselsoni/kingi 2

Adineta gracilis 4

Adineta steineri 2

Adineta vaga >30

Macrotrachela ehrenbergii 2

Macrotrachela latior 4

Macrotrachela quadricornifera >20

Philodina acuticornis 2

Philodina citrina 8

Philodina flaviceps 9

Philodina plena 7

Philodina roseola 2

Pleuretra lineata 5

Rotaria macrura 2

Rotaria magnacalcarata 2

Rotaria rotatoria >70

Rotaria sordida >10

Rotaria tardigrada 5

…
(Fontaneto 2014: Int Rev Hydr)
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Actually: a lot of diversification! 

Cryptic species

Abrochtha meselsoni/kingi

Adineta gracilis

Adineta steineri

Adineta vaga

Macrotrachela ehrenbergii

Macrotrachela latior

Macrotrachela quadricornifera

Philodina acuticornis

Philodina citrina

Philodina flaviceps

Philodina plena

Philodina roseola

Pleuretra lineata

Rotaria macrura

Rotaria magnacalcarata

Rotaria rotatoria

Rotaria sordida

Rotaria tardigrada

…

Ascomorpha ovalis

Brachionus calyciflorus

Brachionus falcatus

Brachionus plicatilis

Brachionus urceolaris

Epiphanes senta

Kellicottia longispina

Keratella cochlearis

Keratella quadrata

Lecane bulla

Lecane cornuta

Polyarthra dolichoptera

Polyarthra vulgaris

Synchaeta pectinata

Synchaeta obtusa

Synchaeta vulgaris

Testudinella clypeata

Testudinella patina

… (Fontaneto 2014: Int Rev Hydr)

Sexual 

monogonont 

rotifer species



Cryptic species

Small microscopic animals

Almost no morphological features

Meiofauna

(Tang et al. 2012: PNAS)

12,000 individuals sequenced

55 taxa

8 phyla

COI vs 18S



(Felsenstein 1981: Evolution)



Lineage-Through-Time plots and gamma statistics

Differences between sexuals and asexuals?

(Pybus & Harvey 2000: Proc R S London B)



Differences between sexuals and asexuals?

Monogononts
(with sex)

Bdelloids
(without sex)

(Fontaneto et al. 2012: Evol Biol)



Differences between sexuals and asexuals?

Monogononts
(with sex)

Bdelloids
(without sex)

(Fontaneto et al. 2012: Evol Biol)

CONSTANT

DECREASING



Differences between sexuals and asexuals?

(Tang et al. 2014: Evolution)



Differences between sexuals and asexuals?

(Tang et al. 2014: Evolution)

Monogononts
(with sex)

Bdelloids
(without sex)



Three alternative hypotheses

1- Bdelloid rotifers have ‘hidden’ males -- NO

2- Bdelloid rotifers do not have species -- NO

3- Sex is not so important -- HINDRANCE

(Fontaneto & Barraclough 2015: Integr Comp Biol)



Bdelloid rotifers: other peculiarities

Able to survive desiccation and freezing

active

retracted

desiccated
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Able to survive desiccation and freezing

active

retracted

desiccated

DNA



active

in water
desiccated

Bdelloid rotifers: other peculiarities

DNA repair mechanisms



~ 10% of the genome
not of metazoan origin

Bdelloid rotifers: other peculiarities

‘foreign’ DNA

(Flot et al. 2013: Nature)



(Hespeels et al. 2014: Evol Biol)

BUT: Horizontal Gene Transfer…

In bdelloids
8-10% of the genome
not of Metazoa



(Eyres et al. 2015: BMC Biol)

More common during desiccation…



(Debortoli et al. 2016: Curr Biol)

Can HGT happen between species?

	



Can HGT happen between species?

	

(Debortoli et al. 2016: Curr Biol)



Can HGT happen within species?

	

(Signorovitch et al. 2015: Genetics)
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Can HGT happen within species?

	

Nu1054 marker

(Signorovitch et al. 2015: Genetics)

(Debortoli et al. 2016: Curr Biol)



Can HGT happen within species?

	

Nu1054 marker

EPIC25 marker

(Signorovitch et al. 2015: Genetics)

(Debortoli et al. 2016: Curr Biol)



Three alternative hypotheses

1- Bdelloid rotifers have ‘hidden’ males -- NO

2- Bdelloid rotifers do not have species -- NO

3- Sex is not so important -- IT DEPENDS…

…alternative ways of sex!

(Fontaneto & Barraclough 2015: Integr Comp Biol)



1- Genome -> evidence of asexuality

2- Desiccation -> more HGT

3- Population genetics -> HGT within species
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Rotaria macrura (Schrank 1803)



2019



2020
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Rotaria macrura (Schrank 1803)
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