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Species

- Fundamental units of the systematics
> Organisation of biodiversity to the well arranged system




Species

| - Fundamental units in all biological disciplines

- Itis of a great importance to delimit the species correctly

biolo
gv
developmental
biology physiology
e

epidemiology

sensu Leliaert (2011): 5th EPC congress




I Species delimitation I

- Difficulty of simple species definitions
Species are not rigid, but evolving entities
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(a) Gradualism model (b) Punctuated equilibrium model
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Species concepts In protists

Biological species concept Evolutionary significant unit

Cohesion species concept

Phylogenetic species concept Polythetic species concept

Cladistic species concept N _
Recognition species concept

Genealogical concordance concept

Internodal species concept Reproductive competition concept
Hennigian Species concept

Composite species concepts Cenetic species concepl

Evolutionary species concept :
Palaeospecies concept

Ecological species concept

Morphological species concept  Successional species concept

Non-dimensional species concept Taxonomic species concept

Linnean species concept

Phenetic species concept Genotypic cluster definition

Agamospecies concept

Mayden (1997): In: Species: the Units of Biodiversity



Morphological species concept

A tradition! OMm ONONnONO

> Still employed in some
groups of algae




Morphological species concept

- Species delimited based on investigation of natural samples
> No data on phenotypic plasticity (Scenedesmus)

Abiotic factors such as Zooplankton such as
- Temperature - Cladocera (Daphnia)
- Light and nutrients - Rotifera

- Salinity - Ciliata

Scenedesmus
Phenotypic plasticity

Growth Survival

Anthropogenic Competitors such as
compounds such as - Algae

- diesel fuel oil - Macrophytes

- surfactants Parasites and bacteria

Ldrling (2009): Ann. Limnol. - Int. J. Lim. 39: 85-101



Morphological species concept

—

- Species delimited based on investigation of cultured strains
> Absence of traits manifested only in nature (Micractinium)




I_ Morphological species concept _I

Convergent morphological evolution
> Dictyosphaerium




I Morphological species concept I

- Convergent morphological evolution
> Dictyosphaerium (g cryptic genera)

Dictyosphaerium Hindakia Mychonastes Chlorella Heynigia
- 7 \Q’—‘f\l ‘- 3
Mucidosphaerium Compactochlorella Kalenjinia Masaia




Morphological species concept

Ultrastructure
» Chlorella
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TRENDS in Plant Science

Némcova & Kalina (2000): Algol. Stud. 100: 95-105



I Biological species concept I

- Applicable only on sexually reproducing organisms




Biological species concept

- Laboratory crossing experiments test the incompatibility

> a problem of temporaral isolation (Ditylum)
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Phylogenetic species concept
- Based on tree topology (monophyly, branch lengths, supports)
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Phylogenetic species concept

- Ribosomal operon as the frequently used marker
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ITS I .
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Coleman (2003): Trends in Genetics 19: 370-375
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Phylogenetic species concept
Based on tree topology (monophyly, branch lengths, supports)

> Where to set species
boundaries?

> Objective criteria?
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DNA barcoding

« More sampling — less obvious barcoding gap

intraspecific/ interspecific/
O coalescent O speciation
# barcoding
"gap"

. e

genetic distance

Meyer & Paulay (2005): PLoS Biol. 3: e422
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DNA barcoding - ABGD

(a) Distribution of pairwise differences

- Automatic Barcode Gap Discovery

- Alignment as an input file

- Scanning a range of intraspecific
divergence to find the barcode gap
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DNA barcoding

« Uneven mutation rates

> tropics ~ temperate

> islands ~ continents
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Wright et al. (2009): Evolution 63: 2275-2287 Zoller & Lutzoni (2003): Mol. Phyl. Evol. 29: 629-640




Good & Wake method

- test of a priori defined species

- linear regression of genetic and

geographic dostances should
in single species go through
the graph origin (gene flow
with isolation-by-distance)

- Different regression indicates
the presence of two distinct,
genetically isolated species

Sites & Marshall (2012): Trends Ecol. Evol. 18: 462-470
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CBC concept

- Species delimited based on differences in conservative regions
of the ITS2 molecule
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CBC concept

- Species delimited based on differences in conservative regions
of the ITS2 molecule

> correlation between CBC and sexual compatibility (Gonium)

Coleman (2000): Protist 151: 1-9
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CBC concept

- Species delimited based on differences in conservative regions
of the ITS2 molecule

> not a universal concept
» CBCs as a measure of genetic relation, not species marker
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ITS2-barcode concept

Demchenko et al. (2012):
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M. oplathopyzen - SAG 8.87 USCEURGETCARENT . . , UCACT . AOTUGS . . UGECESUECC . UCOMICREETs . . . SUTAGAES - - -GEC0- oG- O - 06 - GRCCaTAANTGEE — GachEE — SoUReT - CUTAMMIGIGEE -6 — 88 -CCT -Co0e — - COICUASE . . . GACCIGAECTAGGCA

- 3nG 54,90 UGCCURGCUCAGENY . .  UCACY . AGTUGE . . UGECCOUCCCn . UCSAICAarta . . . SUTACAGE - - -0ECa- haG- CC - -C8- G3CCACAANIGEE - GaChEE — SCTRCT - CUTAATIAIGE -C6-- GG -CCT -CaCt — - COICTREE . . . GACCIGAGCTAMGCA
| M. reginae - 3nE 17.89 UGCCURGCUCAGENR . .  UCACC . . GONGE . . UGECCRTCCCR . UCSMICAarca . . . SORCAGAAC GO RaGRCCT-ABSEECCaCAAL- SEG - GaEE — SCTRET - ~CUT-GUIaIGEUICCT-AGaTCCT -TACT -CUTKICTACE . . . GACCIGAGCTAGGCA
| M. akujas - 3AE 16.90 UGCCURGETCARENT . .  UCAUC . GOUGE . . UGECEUCCCs . UCSMICTEETa . . . S AE- Q8- - MiGCarhaE- AL - -Ci- GRCCaCAANTGEET- GAChSCTRECTRET - EETTAMTIAIGELE -6 - GU-CCURIGUCT- - CC-CU-GC . . . GACCIEAGETAGGCA
| M, uva-maris - 3ag 19,89 USCCURGCTCORNT , . , UCACE , , COURE . . UGACROUCCCR . , USQAICTAITS ., , SUARGAGRTC -G0C - ReGRCCUGAE - CRCCOCAACTO R GECh e — SCURTTACUCATIIGE - CR AT CT — CC -CATIICTRS , . . GACCIEAECTARCA




ITS2-barcode concept

- Again, CBCs is a measure of genetic relation, not species marker

SAG 55.72 M. monadina

MICROGLENA | : morphotype 1: morphotype 113 morphotype I11:
(type) 11 chloroplast with chloroplast with halfring- chloroplast with
SAG 67.72 M. basinucleata  Ggell pyvrenoid shaped pyrenoid multiple
Sp. Nov. 11 in basal position in different positions pyrenoids
SAG 16.90 M. skujae
Nom. nov. 1l
SAG 46.96 M. indica Barcode G
comb. nov. 11
SAG 50.86 M. braunii Barcode C
comb. nov. 11
pr— E ACKU 267-03
M. charkoviensis M. longirubra M. skujae
ACKU 27403 comb. nov. |
SAG 31.72 M. lobata Barcode H
Sp. NOV. 11
SAG 54.91
—— I M. coccifera i
comb. nov. M. uva-maris
\ SAG 55.91 M. labata M. basinucleata
M. coccifera
CCAC 0015 Barcode F
M. globulifera
i
comb. nov.
11 CCAC 0017
| SAG 5.92 M. longirubra Brpocell
ok 1 M. charkaviensis M. braunii M. indica
SAG 8.87 . Barcode J
I M. episthopyren T
SAG 54.90 comb. nov.
. \ SAG 17.89 M. reginae
] comb. nov. 1
SAG 19.89 M. uva-maris Barcode M i i
comb. nov. 1 M. opisthopyren M. monadina




I Coalescent theory I

- Linking phylogenetics and population genetics g9 o % %

Four buttertlies

> |dentification of independently evolving lineages

> GMYC, bPTP, BP&P, .... T

s Four butterflies (top row),
connected to thew parents (bottom row)

Phylogenetics Population genetics



I Coalescent theory I

Coalescence processes (Wright-Fisher)
> allelic transfer to next generations

y ooo

> allelic frequences vary across generations
GEEED
() £ €D

T1

O allele at given individual

Leliaert et al. (2014): Eur. J. Phycol



I Coalescent theory I

Coalescence processes (Wright-Fisher)

> during the coalescence, gene tree topologies resolve the
species as polyphyletic, paraphyletic, and monophyletic

Time 4

}/ >>@L|0‘:0£

paraphyletic
species

O
) % % Jodo é Leliaert et al. (2014): Eur. J. Phycol



I Coalescent theory I

- Coalescence processes (Wright-Fisher)

> during the coalescence, gene tree topologies resolve the
species as polyphyletic, paraphyletic, and monophyletic
B C A B C
Time 4 @)
Allele

fixation! | Ly—‘ |
“ / monophyletic
species

Species delimited based on the
difference between the inter-
and intraspecific coalescence
processes.

O
) %g doedodeo Leliaert et al. (2014): Eur. J. Phycol



GMYC method

- Different branching patterns within and among species

» A combination of species diversification (Yule model) and
intraspecific coalescence models

50 100
| |
‘H‘H—‘_‘_'_‘—-—._

-1.0 -0.8 -0.8 -0.4 -0.2 0.0

Time



GMYC method

- Different branching patterns within and among species

> statistical test, confidence interval

Interspecific branching Intraspecific branching
|

>summary (result) |

Eesult of GMYC species delimitation

method: single

likelihood of null model: 838.9326

maximuom likelihood of GMYC model: B872.3755

likelihood ratio: 26.88581

result of LR test: §.220852e-06%%~ _

i

number of ML clusters: 33 l : =i§§|
|
confidence interval: 31-34 : ;E%ir
L e
number of ML entities: 46 _ — } q{!
i i
confidence interval: 42-56 _____4 : = ﬁ
—
=
]

threshold time: -0.05174417

i

Confidence interval



bPTP

Bayesian Poisson tree processes method

« Similarto GMYC
« No need of ultrametric tree

- Using directly the number of
substitutions (instead of
time) to simulate speciation
and coalescent events

9 SAG_216_1_HG72999_Coccomyxa_arvemensiswien_C19_HG973000_Coccomyxa_sp
92 CR2_4_HE586519_Monodus_sp

o 92.54G_2127_HG973005_Coccomyxa_sp

00.5AG_2325_HGI73006_Coccomyxa_sp

0.0 AUP_H5103_HGA73007_Choricystis_spSAG_2040_HG373004_Coccomyxa_sp
ol W02.8AG_2104_HGITI003_Coccomyxa_sp

ﬂ[ 054G _216_4_HGOT3001_Coccomyxa_mucigena
IF‘}-&‘MG«(LH 6_14_HGO73002_Coccomyxa_viridis

P2:KN_2011_C4_HE586508_Coccomyxa_sp_SS
B 3% UTEX_B_SMOB3_HE586506_Monodus_sp
el AG_49_84_HGOT2998_Coccomyxa_sp
ASIB_V16_HGET2004_Coccomyxa_confluens

91
00

00.caU P_H103_HE586505_Pseudococcomyxa_simplex S5

| 28 CCAP_211_07_FN208028_Coctomyxa spCCAP_B12_5 HGO72005 Pseudococcomyya_atd
qq-MCCW_HEE 17183_Coccomyxa_onubensis_S5
'W-KN_ZDH_T3_HE586515_Cocwmyxa_5p
| E.CAUP_H5101_HGS72979_Choricystis_chodatii

7,
\P34(N_2011_T2_HE586514_Coccomyxa_sp

2 “E.CCAP_216 25 FRB50476_Coccomyxa_actinabiotis_SS
-"5-KN 2011_T4_HE586516_Coccomyxa_sp
[+ rP'-‘NlEs 2252_HGO72973_Coccomyxa_dispar

CCAP_B12_3_HGY72972_Pseudococcomyxa_simplexNIES_2166_AGSIN0000000_atd
IB GF_12_KM020052_Coccomyxa_sp

78 CAUP_H5105 HGO72974_Choricystis_sp
Z.\\ien_C20_HGAT2975_Coccomyxa_sp
3.5AG_69_80_HGIT2977_Coccomyxa_pringsheimil_KN_2011_UZ_KN_2011_C13_KN_2011_C14_SAG_216_13

-2}

=GABa_SS_AB917140_Coccomyxa_sp
-CCAP 216_24_FN298927_Coccomyxa_spCCAP_B12_2A_HGS72992_Pseudococcomyxa_atd
Coocmmrxa SCCAD4B_55
-PR.CCAP_211_60_FR865679_Chiorella_saccharophila_SS
W(:ﬁUP H102_HE586504_Pseudococcomyxa_simplex
|J:"J-SAG 2M6_8_HGO72991_Coccomyxa_rayssiaeSAG_216_Ya_FN298926_Pseudococcomyxa_simplex
m-SAG 216_3c_HGO72990_Coccomyxa_elongata
IB _GF_3_gi_KM020053_Coccomyxa_sp
SAG_21 6_2_HGO972989_Coccomyxa_chodatii
0 AP.CAUP_H5107_HGO72981_Choricystis_spSAG_216_3h_HG972980_Coccomyxa_elongata
40 UTEX_LB_2460_AY422078_Paradoxia_multiseta
P3.8AG_216_6_HGIT2988_C: _peltigerae_t
T {W-SAG_H6_1u_H69729aﬁ_(:ocmmym_smnrinae_ni.spmae
W03

SAG_216_12_HGY72987_Coccomyxa_solorinae_saccatae
CCAP_216_15_HG972985_Coccomyxa_subellipsoideaSAG_216_11a_HG972983_atd




DNA-based species delimitation methods

Mo,
Existing Species after  No. of of Validation
Reference species delimitation  samples loci  Discovery approaches approaches
Avvila et al, (2008) & =12 293 1 Statistical parsimony (NCA) MNone
Barrett & Freudenstein 3 3 162 5 Morphological cluster analysis, PCA BFF
(2011)
Burbrink et al. (2011) 1 1 45 3 Struchurama BFP
Camargo o al. (2012) 3 1 H05 4 Mone spedeSTEM,
BFF, ABC
Carstens & Dewey 3 7 42 f Mone spedeSTEM,
(2010) Baves Factors
Carstens # Satler 1 2 H2 21 Structurama, Gaussian Clustering spedeSTEM, BPF
(2013)
Duminil et al. (2012) Unknown  Unstated 103 7 Morphometric clustering; structure Mone
Esselstyn ¢t al. (2012) 13 18-19 413 1 GMYC Mone
Florio ef al. (2012 1 2 111 1 Canonical variates analysis MNone
Flot et al. (2010) 1 74 3 Haplowebs Mone
Hamilton et al. 4 3 147 1 Combo WF and barcoding gap,
(2011) monophyly, GMYC
Kelly et al. (2008) 349 1 114 1 WP Mone
Leaché & Fujita 1 3 51 f Structure BFP
(2010)
Leavitt & al. (2012} 149 2 414 6 Structure BFF, mean
genetic distance
Leliart et al. (2009) 19 13 175 1 GMYC, statistical parsimony MNone
(NCA)—clades that exceed 95%
cut off
Miemiller ¢t al. 1 19 135 G OrMeara clustering BFF
(2012)
Pons et al. (2006) 4 54 1 Parsimony network, PAA, CHA, Mone
WP, GMYC
Puillandre & al. 1 4 - 2 Elliptic Fourier analysis on shape MNone
(200 to the mollusc shell; qualitative
phvlogenetic evidence
Puillandre & al. 43 27 1000 2 CMYC, ABGD MNone
(2012) Carstens et al. (2013): Mol. Ecol. 22: 4369-83



Species delimitation in Coccomyxa

Coccomyxa Schmidle (1901)

Algaebase: actually 25 accepted taxa




Species delimitation in Coccomyxa

« Coccomyxa Schmidle (1901)

- Free-living, lichen photobionts, cilliate symbionts

© O. Lanzoni




Species delimitation in Coccomyxa

« Coccomyxa Schmidle (1901)
- Even parasites

Vol 81: 231-240, 2008 DISEASES OF AQUATIC ORGANISMS

doi: 10.3354/dac01956 Dis Aquat Org Published September 24

Phylogenetic and morphological characterisation

of the green algae infesting blue mussel Mylilus
edulis in the North and South Atlantic oceans

Francisco Rodriguez'®, Stephen W. Feist?, Laure Guillou', Lisbeth S. Harkestad?,
tensen**




Coccomyxa

Darienko et al. (2015): Reducing the number of species from 25 to 7

é CULTURE-DEPENDENT APPROACH CULTURE-INDEPENDENT APPROACH
Q cultivation under |solated : (~ . =
D U different condltmns Cultures environmental seq‘uencmg results ?f
A 1 samp]es \envnronmental studles)
T S ( growth rate under ) T
| ifferent iti
A T gificren fondltlons [Population identifier
1 SSU and ITS sequencing SELECTION OF s of known species
0 of all available strains BARCODE MARKER used as DNA Barcodes
N 9 (V4, V9, alnd ITS-2) )
v v
|
N Molecular phylogeny ¢
A . T using different phylogenetic methods B BLAST search
N T A A (100% coverage, 97-100% identity)
D A L X Morphology and life cycle .
A L G 0 under different conditions DISCOVERY OF D C validation of the GenBank entries
TY R N (phenotypic plasticity) PUTATIVE NEW N O using secondary structures
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E Lt M Physiological performance X Analyses of the metadata
S I e N from the GenBank entries
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0]
g Y DISTRIBUTION
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Coccomyxa

- Darienko et al. (2015): Reducing the number of species from 25 to 7

The genus
Coccomyxa

C. subellipsoidea (NIES 2166) GENOME

C. sp. (NIES 2353)
Psendococcomyxa simplex (CCAP 812/3)
C. sp. (NIES 2252)
Choricystis sp. (CAUP H5105)
C. sp. (Wien C20)

C. pringsheimii (SAG 216-T) *

C. pringsheimii (SAG 69.80) S
C. subellipsoidea (SAG 216-13) *

©

C. confluens (ASIB V16)
C. sp. (CCAP 211/97)

C. elongata (SAG 216-3b) *
Choricystis sp. (CAUP H5107)

C. peltigerae (SAG 216-5)

C. solorina-croceae (SAG 216-11a) *
C. solorina-croceae (SAG 216-11b)
C. subellipsoidea (CCAP 216/15) S
C. solorina-bisporae (SAG 216-10) *
C. solorina-saccatae (SAG 216-12) *
C. peltigera-variolosae (SAG 216-6) *
C. chedatii (SAG 216-2) *

C. rayssiae (SAG 216-8) *

C. simplex (SAG 216-9a) *

C. elongata (SAG 216-3¢)

C. sp. (CCAP 216/24)
—®—| Pseudococcomyxa simplex (CCAP 812/2A)

Pseudococcomyxa simplex (CCAP 812/2B)

C. subellipsoidea

ITSZCEBC ABGD K/8 GMYC [ST/MT) PTP [ML/MB)

® 00 00 OO

Choricystis chodatii (CAUP H5101)

C. polymorpha
ITS2/CBC ABGD K/@ GMYC (ST/MT) PTP (ML/MB)

® OO0 00 00

C. simplex

ITS2/CBC ABGD K/ GMYGC (ST/MT) PTP (ML/MB)

SO ()

C. vinatzeri

ITS2/CBC ABGD K/8 GMYC (ST/MT) PTP (ML/MB)

® OO0 00 00

Psendococcomyxa simplex (CCAP 812/5)

Pseudococcomyxa closterivides (SAG 2253)
Pseudococcomyxa closterioides (SAG 2254)

ITS2/CBC ABGD K/8 GMYC (ST/MT) PTP (ML/MB)

C. galuniae

C. arvernensis (SAG 216-1) *
C. arvernensis (Wien C19)
C. mucigena (SAG 216-4) * S|

C. viridis (SAG 216-14) *

—— (.01 substitutions/site

C. sp. (SAG 2104)

C. sp. (SAG 2040)

C. sp. (SAG 2127)

C. sp. (SAG 2325)

Choricystis sp. (CAUP H5103)

|G sp. (SAG49.84) § —

C. dispar

ITSZ/CEC ABGD K/8 GMYC (ST/MT) FTP (ML/MB)

® OO0 00 00




-SCCA048 —arecently isola
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Phylogeny of the genus
Coccomyxa obtained by
Bayesian inference of the
concatenated SSU and
ITS rDNA dataset.

0.99/60/97

0.97/-/-

Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa solorinae var. croceae SAG 216-11a
Coccomyxa solorinae var. croceae SAG 216-11b
Coccomyxa peltigerae SAG 216-5
Coccomyxa solorinae var. saccatae SAG 216-12
Coccomyxa solorinae var. bisporae SAG 216-10
Coccomyxa peltigerae var. variolosae SAG 216 6
“Paradoxia muitiseta“ UTEX LB 2460
“Choricystis sp.” CAUP H 5107
Coccomyxa elongata SAG 216-3b
Coccomyxa rayssiae SAG 216-8
Coccomyxa simplex SAG 216-9a
Coccomyxa simplex CAUP H 102
Coccomyxa elongata SAG 216-3¢
Coccomyxa sp. IB-GF-3
Coccomyxa chodatii SAG 216-2
“Chiorella saccharophila“ CCAP 211/60
— Coccomyxa sp. SCCA048
-I58/78) Coccomyxa simplex CCAP 812/2A
Coccomyxa simplex CCAP 812/2B
Coccomyxa sp. CCAP 216/24
Coccomyxa sp. GA5a
Coccomyxa simplex CCAP 812/3
Coccomyxa subellipsoidea NIES 2166
Coccomyxa sp. NIES 2353
Coccomyxa sp. IB-GF-12
Coccomyxa dispar NIES 2252
“Choricystis sp.“ CAUP H 5105
Coccomyxa sp. Wien C20
Coccomyxa subellipsoidea SAG 216-13
Coccomyxa pringsheimii SAG 69.80
Coccomyxa sp. KN-2011-C13
Coccomyxa sp. KN-2011-C14
Coccomyxa sp. KN-2011-U2

Coccomyxa onubensis ACCV1
- ,_Coccomyxa sp. KN-2011-T3

C. solorinae
0.92/60/74
C. elongata

0.96/57/-

C. simplex

C. melkonianii sp. nov.

clade 14

clade 23

C. subellipsoidea

C. “onubensis*

*  Coccomyxa polymorpha CAUP H 5101
‘ Coccomyxa sp. KN-2011-T2 C. polymorpha
~ Coccomyxa actinabiotis CCAP 216-25
L Coccomyxa sp. KN-2011-T4
Coccomyxa vinatzerii ASIB V16 (=SAG 2465)

Coccomyxa simplex CAUP H 103

Coccomyxa sp. SAG 2253

Coccomyxa sp. SAG 2254

Coccomyxa galuniae CCAP 211/97

Coccomyxa sp. CCAP 812/5

C. “actinabiotis“
C. vinatzerii

C. galuniae

Coccomyxa dispar SAG 49.84

C. dispar
* — Coccomyxa sp. KN-2011-C4
L— “Monodus sp.“ UTEX B SNO83
Coccomyxa arvernensis SAG 216-1

C. avernensis

Q976 .98/57/94
0.97/-179
1.00/89- | %
100
0.99/-
*
e
S
0.99/78/99
0.94/61/95
1.00/97/100
I

Coccomyxa sp. Wien C19

Coccomyxa mucigena SAG 216-4

; gg&c/%noyxa viridis SAG 216-14

Coccomyxa sp. SAG 2104

“Monodus sp.“ CR2-4

Coccomyxa sp. SAG 2127

Coccomyxa sp. SAG 2325

“Choricystis sp.“ CAUP H 5103

Coccomyxa sp. SAG 2040

Elliptochloris bilobata SAG 245.80

C. viridis

clade 5

L Hemichloris antarctica SAG 62.90

G10Z ‘e 18 oyusueqg nsuss
xaydwis 9

G10Z ‘|e 1 oyusale nsuss
eaprosdijjaqgns "9

GL0Z 'le o oyjusueq nsuss
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3t)

B

bPTP (both datasets)

Darienko et al. (2015)

species clusters:
Coccomyxa solorinae var. croceae SAG 218-11b
Coccomyxa solorinae var. croceas SAG 216-11a
Coccomyxa peltigerae SAG 216-5
Coccomyxa sclorinae var. saccatae SAG 216-12
Coccomyxa sp. KN-2011-T5
Coccomyxa sp. Ulvinen 15 July 1999
Coccomyxa sp. KN-2011-E4
Coccomyxa sp. Rikkinen 004009
Coccomyxa sp. KN-2011-E5
Coccomyxa sp. Wehr 59
Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa peltigerae var. variolosae SAG 216 6
Coccomyxa solorinae var. bisporae SAG 216-10
“Paradoxfa multiseta” UTEX LB 2460
“Choricystis sp.* CAUP H 5107
Coccomyxa elongata SAG 216-3b
Coccomyxa simplex CAUP H 102
Coccomyxa rayssiae SAG 216-8
Coccomyxa simplex SAG 216-8a
Coccomyxa elongata SAG 216-3¢
Coccomyxa sp. |B-GF-3
Coccomyxa sp. KN-2011-A1
Coccomyxa chodatii SAG 216-2
Coccomyxa sp. S10
Coccomyxa sp. S2
Coccomyxa sp. GAba
Coceomyxa sp. GSE4G
Coccomyxa sp. SCCAD48
“Chiorella saccharophila® CCAP 211/60
Coccomyxa simplex CCAP 812/2B
Coccomyxa sp. CCAP 21624
Coccomyxa simplex CCAP 812/2A
Coccomyxa sp. CCAP 1660/13
Coccomyxa dispar NIES 2252
Coccomyxa sp. IB-GF-12
Coceomyxa subellipsocidea NIES 2166
Coccomyxa simplex CCAP 812/3
Coccomyxa sp. KN-2011-C1
Coccomyxa sp. NIES 2353
Coccomyxa sp. Rikkinen 98A16
Coccomyxa sp. C19
Coccomyxa sp. C16
Coccomyxa sp. C15
Coccomyxa sp. C18
Cocoomyxa sp. C13
Coccomyxa subellipsoidea SAG 216-7
Coccomyxa sp. C9
Coccomyxa sp. KN-2011-U3
Coccomyxa sp. C12
Coccomyxa sp. KN-2011-U4
Coccomyxa pringsheinii SAG 69.80
Coccomyxa sp. KN-2011-E3
Coccomyxa sp. Wien C20
Coccomyxa sp. KN-2011-C13
Coccomyxa sp. KN-2011-U2
Coccomyxa sp. C20
Coccomyxa sp. C2
Coccomyxa sp. C1
Coccomyxa sp. C4
Coccomyxa sp. C5
Coccomyxa subellipsoidea SAG 216-13
Coccomyxa sp. C8
Coccomyxa sp. KN-2011-C14
Coccomyxa sp. KN-2011-U1
Coccomyxa sp. KN-2011-E2
Coccomyxa sp. C8
Coccomyxa sp. C10

e “Choricystis sp." CAUP H 5105
L———e Coccomyxa sp. KN-2011-Us

| - GMYC(
RS
NP~ GMYC (

original dataset)

reduced dataset)

C. solorinae

C. elongata

C. simplex

I clade A

III clade B

EEE C. melkonianii sp. nov.

u clade C
I II clade D
clade E
clade F

i
[

o =

clade G
clade H

C. subellipsoidea

Three DNA species delimitation analyses
performed (GMYC, bPTP, STACEY)

Analysis of the broader dataset resulted in a

very different species scenario
(27-30 Vs 7 species)

L »

Coccomyxa sp. KN-2011-U5

C myxa vinatzerif ASIB V16 (=SAG 2465)
Coccomyxa onubensis ACCV1

Coccomyxa sp. KN-2011-T1

Coccomyxa sp. KN-2011-T2

Coccomyxa polymorpha CAUP H 5101
Coccomyxa sp. KN-2011-T2

Coccomyxa actinabiotis CCAP 216-25
Coccomyxa sp. KN-2011-T4

Coccomyxa simplex CAUP H 103

—
=
\_|

Coccomyxa galuniag CCAP 211/97
Coccomyxa sp. CCAP 812/5

Coccomyxa sp. SAG 2254

“Acutodesmus obfiquus” Krienitz 1981-314
Coccomyxa sp. SAG 2253

!

Coccomyxa dispar SAG 49.84
Caccomyxa sp. KN-2011-C4
“Monodus sp.“ UTEX B SNO83
Coccomyxa arvernensis SAG 216-1
Coccomyxa sp. Wien C19
“Monodus sp.” CR2-4

Coccomyxa mucigena SAG 216-4
Coccomyxa viridis SAG 216-14
Coccomyxa sp. SAG 2104
Coccomyxa sp. SAG 2325
Coccomyxa sp. SAG 2127
“Choricystis sp.“ CAUP H 5103
Coccomyxa sp. SAG 2040

dadeH
C. vinatzerii
C. “onubensis*

clade |
C. polymorpha

C. “actinabiotis*“
clade J

C. galuniae

C. dispar
clade
clade L

C. avernensis
clade M

C. viridis

clade N



High ecological significance of 27-30 species scenarios.

Table 3. Ecological differentiation of putative species clusters, based on the 98-taxa dataset.

Statistical test Species scenario Ecological traits

Living stage Resilience Habitat type

% 8 species 0.034 0.011 <0.001
27 species <0.001 <0.001 <0.001
29 species <0.001 <0.001 <0.001
30 species <0.001 <0.001 <0.001
Mantel test 8 species 0.695 0.863 0.147
27 species <0.001 0.815 0.059
29 species 0.054 0.807 0.652
30 species 0.157 0.779 0.737

- E.g., differences in living stage can be well applied to delimit species within the
Coccomyxa simplex s.|.

O free-living
@ lichen photobionts
@ ciliate symbionts

A

species clusters:
Coccomyxa solorinae var. croceae SAG 216-11b
Coccomyxa solorinag var. croceas SAG 216-11a
Coccomyxa peltigerae SAG 216-5
Coccomyxa soforinae var. saccatae SAG 216-12
Caccomyxa sp. KN-2011-T6
Coccomyxa sp. Ulvinen 15 July 1993
Caccomyxa sp. KN-2011-E4
Cocoomyxa sp. Rikkinen 004009
Coccomyxa sp. KN-2011-E5
Coccomyxa sp. Wehr 59
Coccomyxa subaliipsoidea CCAP 216/15
Cocoomyxa peltigerae var. variolosae SAG 216 6
Coccomyxa solorinae var. bisporae SAG 216-10

C. solorinae

. aquatic
@ terrestrial
O epilithic
@ epiphytic
() photobionts of bark lichens
O photobionts of soil lichens

:

species clusters:
Coccomyxa solonnae var. croceae SAG 216-11b
Coccomyxa soloninaa var. croceae SAG 216-11a
Coccomyxa peltigerae SAG 216-5
Coccomyxa solorinae var. saccatae SAG 218-12
Coceomyxa sp. KN-2011-T6
Coccomyxa sp. Ulvinen 15 July 1939
Coccomyxa sp. KN-2011-E4
Coccormyxa sp. Rikkinen 004009
Coccomyxa sp. KN-2011-E5
Coccomyxa sp. Wehr 59
Coccomyxa subellipsoidea CCAP 216/15
Coccomyxa pelligerae var. variclosae SAG 216 6
Coccomyxa solorinae var. hisporae SAG 216-10

N3O
@ NNM

C. solorinae

“Paradoxia muifiseta” UTEX LB 2460 - . "Paradoxia multiseta” UTEX LB 2460
“Choricystis sp.* CAUP H 5107 C. elongata . ciliate symbionts "Choricystis sp.* CAUP H 5107 C. elongata
O \j Coccomyxa elongata SAG 216-3b . i Coccomyxa elongata SAG 218-3b
Coccomyxa simpiex CAUP H 102 . extremophiles Coccomyxa simpiex CAUP H 102
Caccomyxa rayssiae SAG 216-8 Coccomyxa rayssiae SAG 216-8
Coccomyxa simplex SAG 216-9a . Coccomyxa simplex SAG 216-9a .
) Coccomyxa elongata SAG 216-3¢ C. simplex Coceomyxa elongata SAG 216-3¢ c. simplex
Coccomyxa sp. |IB-GF-3 Coccomyxa sp. |B-GF-3
Coccomyxa sp, KN-2011-A1 Coceomyxa sp. KN-2011-A1
Caccomyxa chodatii SAG 216-2 Coccomyxa chodatii SAG 218-2
Caoccomyxa sp. 10 Coccomyxa sp. 10
e e clade A e e clade A
Coccomyxa sp. 82 Coccomyxa sp. §2
Coccomyxa sp. GA5a I I I Coccomyxa sp. GASa
@ Coccomyxa sp. GSEAG clade B Coccomyxa sp. GSE4G clade B

Coccomyxa sp. SGCA048 EEE C. melkonianii sp. nov. Coccomyxa sp. SCCAD48 B C. melkonianii sp. nov.
) "Ciloreila saccharophila® CGAP 211/60 HENE cladeC } “Chiorelia saccharophita” CCAP 211/60 clade C

Coccomyxa simplex CCAP 812/28 Caccomyxa simplex CCAP 812/28

Caccomyxa sp. CCAP 216/24 I I I clade D Coccomyxa sp. CCAP 216/24 clade D

Coccomyxa simplex CCAP B12/2A Coccomyxa simplex COAP 812/2A

Coccomyxa sp. CCAP 1660/13 Coccomyxa sp. CCAP 1660/13



I Species delimitation I

- The modern DNA-based species delimitation methods represent a powerful
tool to predict species boundaries.

- However, they are very sensitive to data sampling.

- To determine the species correctly, a combination of various methodological
approaches should be applied.

- Ecological data can represent a very useful tool to delimit morphologically
often undistinguishable species.

- Ecological characterization should receive much more attention than at
present.



Thank you for your attention




