
2026 ● 47 ● 5AlgologieAlgologie



Cryptogamie, Algologie est une revue en flux continu publiée par les Publications scientifiques du Muséum, Paris
Cryptogamie, Algologie is a fast track journal published by the Museum Science Press, Paris

Les Publications scientifiques du Muséum publient aussi / The Museum Science Press also publish: Adansonia, Geodiversitas, Zoosystema,  
Anthropozoologica, European Journal of Taxonomy, Naturae, Comptes Rendus Palévol, Cryptogamie sous-sections Bryologie, Mycologie.

Diffusion – Publications scientifiques Muséum national d’Histoire naturelle 
CP 41 – 57 rue Cuvier F-75231 Paris cedex 05 (France) 
Tél. : 33 (0)1 40 79 48 05 / Fax : 33 (0)1 40 79 38 40 
diff.pub@mnhn.fr / http://sciencepress.mnhn.fr
Les articles publiés dans  Cryptogamie, Algologie sont distribués sous Licence CC-BY 4.0/Articles published in Cryptogamie, Algologie are distributed under 
a CC-BY 4.0 license
ISSN (électronique / electronic) : 1776-0984

Cryptogamie, Algologie est indexé dans / Cryptogamie, Algologie is indexed in:
– Aquatic Sciences & Fisheries Abstracts Part I.
– Biological Abstracts
– Chemical Abstracts
– Current Contents
– Marine Science Contents Tables (FAO)
– Science Citation Index
– Publications bibliographiques du CNRS (Pascal)

Cryptogamie, Algologie est distribué en version électronique par / Cryptogamie, Algologie is distributed electronically by:
– BioOne® (http://www.bioone.org/loi/crya)

Directeur de la publication / Publication director: Gilles BLOCH
Président du Muséum national d’Histoire naturelle

Rédactrice en chef / Editor-in-chief: Stacy KRUEGER-HADFIELD, Virginia Institute of Marine Science Eastern Shore Laboratory, Batten School of Coastal & 
Marine Sciences, William & Mary, Wachapreague, VA 23480 United States

Éditeur technique (suivi éditorial & production) / Desk editor (editorial process & production): Violette GRUNENBERGER (algo@cryptogamie.com)

Rédacteurs associés / Associate Editors

Ecoevolutionary dynamics of algae in a changing world
Jana KULICHOVA
Department of Botany, Charles University, Prague (Czech Republic)
Phylogenetic systematics, species delimitation & genetics of speciation
Line LE GALL
Station Biologique de Roscoff, CNRS - Sorbonne Université, Plage Georges Tessier CS 90074, 29688 Roscoff Cedex (France)
Ga HUN BOO
Department of Marine Biology, Pukyong National University (Korea)
Sylvain FAUGERON
UMI3614 Evolutionary Biology and Ecology of Algae, Departamento de Ecología, Facultad de Ciencias Biologicas, 
Pontificia Universidad Catolica de Chile, Av. Bernardo O’Higgins 340, Santiago (Chile)
Marie-Laure GUILLEMIN
Instituto de Ciencias Ambientales y Evolutivas, Universidad Austral de Chile, Valdivia (Chile)
Kalina MANOYLOV
Georgia College, 231 W. Hancock St. Milledgeville, GA 31061 (United States)
Rachael WADE
Cal Poly Humboldt, Department of Biological Science, 1 Harpst St, Arcata, CA 95521 (United States)
Comparative evolutionary genomics of algae
Nicolas BLOUIN
Department of Molecular Biology, University of Wyoming, Dept. 3944, 1000 E University Ave, Laramie, WY 82071 (United States)
Eric SALOMAKI
Brown University, Computational Biology Core, Providence, RI 02912 (United States)
Heroen VERBRUGGEN
School of BioSciences, University of Melbourne, Victoria, 3010 (Australia)
Algal physiology & photosynthesis
Cátia MONTEIRO
CIBIO - Centro de Investigação em Biodiversidade e Recursos Genéticos, Universidade do Porto, Campus de Vairão, rua Padre Armando Quintas, nº 7, 
4485-661 Vairão (Portugal)
Andres RITTER
Station Biologique de Roscoff, Place Georges Teissier, 29680 Roscoff (France)
Prokaryotic algae
Nico SALMASO
IASMA Research and Innovation Centre, Fondazione Mach-Istituto Agrario di S. Michele all’Adige, Limnology and River Ecology, 
Via E. Mach, 1, 38010 San Michele all’Adige, Trento (Italy)
Rosalina STANCHEVA
George Mason University, Environmental Science & Policy Department, 4400 University Dr, Fairfax, VA 22030 (United States)

Couverture / Cover: 
Extrait d’éléments de la Figure 4/Extracts of Figure 4

http://www.cryptogamie.com/algologie
http://sciencepress.mnhn.fr/en/periodiques/algologie
http://www.adansonia.com
http://www.geodiversitas.com
http://www.zoosystema.com
http://www.anthropozoologica.com
http://www.europeanjournaloftaxonomy.eu
http://www.revue-naturae.com
http://cr-palevol.fr
http://www.cryptogamie.com/bryologie
http://www.cryptogamie.com/mycologie
mailto:diff.pub%40mnhn.fr?subject=
mailto:http://sciencepress.mnhn.fr?subject=
http://www.cryptogamie.com/algologie
https://creativecommons.org/licenses/by/4.0/deed.fr
http://sciencepress.mnhn.fr/en/periodiques/algologie
https://creativecommons.org/licenses/by/4.0/
http://www.bioone.org/loi/crya
mailto:mailto:algo%40cryptogamie.com?subject=


67CRYPTOGAMIE, ALGOLOGIE •  2026 • 47 (5) • Publications scientifiques du Muséum national d’Histoire naturelle, Paris.	 www.cryptogamie.com/algologie

Morphological diversity of Chara oedophylla Feldmann 
and description of C. acortiphylla S.D. Muller & A. Daoud-
Bouattour, sp. nov., a new related taxon from Tunisia

Serge D. MULLER
Institut des Sciences de l’Évolution (ISEM),

Université de Montpellier, Centre national de la recherche scientifique (CNRS), 
Institut de recherche pour le développement (IRD), École pratique des hautes études (EPHE), 

Place Eugène Bataillon, 34095 Montpellier cedex 05 (France) 
serge.muller@umontpellier.fr (corresponding author)

Amina DAOUD-BOUATTOUR
Faculté des Sciences de Tunis,

Campus universitaire El Manar, 2092 Tunis (Tunisie) 
and LR18ES13 Biogéographie, Climatologie appliquée et Dynamiques environnementales,

Faculté des Lettres, des Arts et des Humanités de Manouba,
Campus universitaire de la Manouba, 2010 Manouba (Tunisie)

daoudamina200@yahoo.fr

Ines HAMMAMI
Faculté des Sciences de Tunis,

Campus universitaire El Manar, 2092 Tunis (Tunisie) 
ineseptrabelsi@gmail.com

Zeineb GHRABI-GAMMAR 
Imtinen BEN HAJ JILANI

Institut national agronomique de Tunisie
Université de Carthage, 43, Charles-Nicolle Avenue, Cité Mahrajène, 1082 Tunis (Tunisie)

and LR18ES13 Biogéographie, Climatologie appliquée et Dynamiques environnementales,
Faculté des Lettres, des Arts et des Humanités de Manouba,

Campus universitaire de la Manouba, 2010 Manouba (Tunisie)
zghrabi@yahoo.fr

imtinenjilania@gmail.com

Ingeborg SOULIÉ-MÄRSCHE
Institut des Sciences de l’Évolution (ISEM)

Université de Montpellier, Centre national de la recherche scientifique (CNRS), 
Institut de recherche pour le développement (IRD), École pratique des hautes études (EPHE), 

Place Eugène Bataillon, 34095 Montpellier cedex 05 (France)
insouma43@gmail.com

Submitted on 3 October 2024 | Accepted on 20 March 2026 | Published on 20 October 2026

Muller S. D., Daoud-Bouattour A., Hammami I., Ghrabi-Gammar Z., Ben Haj Jilan I. & Soulié-Märsche I. 2026. — Mor-
phological diversity of Chara oedophylla Feldmann and description of C. acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov., a new related taxon from Tunisia. Cryptogamie, Algologie 47 (5): 67-78. https://doi.org/10.5252/cryptogamie-
algologie2026v47a5. http://cryptogamie.com/algologie/47/5

http://cryptogamie.com/algologie
https://sciencepress.mnhn.fr/fr/auteurs/serge-muller
mailto:serge.muller%40umontpellier.fr?subject=
https://sciencepress.mnhn.fr/fr/auteurs/amina-daoud-bouattour
mailto:daoudamina200%40yahoo.fr?subject=
https://sciencepress.mnhn.fr/fr/auteurs/ines-hammami
mailto:ineseptrabelsi%40gmail.com?subject=
https://sciencepress.mnhn.fr/fr/auteurs/zeineb-ghrabi-gammar
https://sciencepress.mnhn.fr/fr/auteurs/imtinen-ben-haj-jilani
mailto:zghrabi%40yahoo.fr?subject=
http://imtinenjilania@gmail.com
https://sciencepress.mnhn.fr/fr/auteurs/ingeborg-soulie-marsche
mailto:insouma43%40gmail.com?subject=
https://doi.org/10.5252/cryptogamie-algologie2026v47a5
https://doi.org/10.5252/cryptogamie-algologie2026v47a5
http://cryptogamie.com/algologie/47/5


68 CRYPTOGAMIE, ALGOLOGIE • 2026 • 47 (5) 

Muller S. D. et al.

ABSTRACT
Chara oedophylla Feldmann, previously known to exist in only a few sites around the Mediterranean 
and in southern Russia, has been identified in 17 new localities in Tunisia. Plants from 13 of these 
new populations and from four co-occurring populations of Chara vulgaris L. were collected and 
used for a detailed morphological study so as to define the diagnostic characteristics of C. oedophylla 
with respect to C. vulgaris. We also discovered a different plant form in southern Tunisia displaying 
the characteristic gametangia of C. oedophylla but with ecorticated branchlets. We describe that plant 
as C. acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov.

RÉSUMÉ
Diversité morphologique de Chara oedophylla Feldmann et description de C. acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov., un nouveau taxon apparenté de Tunisie.
Chara oedophylla Feldmann, seulement connue à ce jour de quelques localités du pourtour méditerra-
néen et du sud de la Russie, a été trouvée dans 17 nouvelles localités à travers la Tunisie. Des plantes, 
collectées dans 13 de ces nouvelles populations ainsi que dans quatre populations en mélange avec 
Chara vulgaris L., ont été utilisées pour une étude morphologique détaillée afin de préciser les carac-
tères diagnostiques de C. oedophylla par rapport à C. vulgaris. Par ailleurs, nous avons découvert, dans 
le sud de la Tunisie, une forme différente présentant la disposition caractéristique des gamétanges de 
C. oedophylla, mais avec des phylloïdes non cortiqués. Cette forme est décrite ici sous C. acortiphylla 
S.D. Muller & A. Daoud-Bouattour, sp. nov.

MOTS CLÉS
Characeae,

morphométrie,
Maghreb,

Afrique du Nord,
espèce nouvelle.

KEY WORDS
Characeae,

morphometry,
Maghreb,

North Africa, 
new species.

INTRODUCTION

Chara oedophylla Feldmann is a rare species that has only 
been found until now in northwestern Morocco, Portugal, 
Spain, southeastern France, Corsica, Sicily, northern Tunisia 
and southern Russia (Soulié-Märsche et al. 2024). It was first 
described by Feldmann (1945) from herbarium specimens 
collected in 1926 by L. Gauthier-Lièvre at Oued Tinja in 
northern Tunisia. Wood (1962) subsequently reevaluated 
its taxonomical rank, considering it to be a variety of Chara 
vulgaris L. Later, Soulié-Märsche & Muller (2016) reinstated 
its status as a species. These authors considered the main char-
acteristic and most striking diagnostic feature of C. oedophylla 
to be the mostly sejoined gametangia (antheridia and oogonia 
on different branchlet nodes): the species generally has nodes 
with either solitary antheridia or geminate, vertically-arranged 
oogonia. Its most recent and complete description (Soulié-
Märsche et al. 2024) is based on earlier publications (Feld-
mann 1945; Wood 1962; Guerlesquin 1960, 1961; Comelles 
1981, 1982) as well as on our observations (Soulié-Märsche 
2003; Soulié-Märsche & Muller 2016; Muller et al. 2017). 

Since 2018, intensive fieldwork conducted in Tunisia has 
led to the discovery of 19 new populations present from the 
north to the south of the country, with the species’ diagnos-
tic arrangement of gametangia. These populations display 
a broad and unexpected range of variability, implying the 
need to revisit the diagnostic characteristics of the species. 
Our discussion of the distinctive features of Chara oedophylla 
compared to C. vulgaris (understood here in a strict sense, 
according to Schubert et al. [2024]) is based on an in-depth 
morphological and morphometric study of new Tunisian 
populations. Over the course of that study, we identified a 
new taxon close to C. oedophylla that we describe as Chara 
acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov.

MATERIAL AND METHODS

Studied sites and ex-situ cultures

Prior to 2018, Chara oedophylla was known in Tunisia from 
five sites in the Mogods region that include a former pond 
near Oued Tinja (Feldmann 1945) and four sites in and near 
Garâa Sejenane (Muller et al. 2017; A. Daoud-Bouattour & 
S.D. Muller, personal observations). Since 2018, 19 other 
populations presenting the characteristic arrangement of gam-
etangia of Chara oedophylla were found in sites throughout 
Tunisia (Table 1) ranging from temporary to permanent bod-
ies of water and fresh to slightly brackish waters, confirming 
its ecological amplitude (Muller et al. 2017; Soulié-Märsche 
et al. 2024). C. oedophylla was also observed in both natural 
and artificial habitats, in running bodies of waters (springs, 
wadis, ditches) and isolated waterholes (marshes, ponds). 
Populations generally cover small surfaces, but can in some 
cases – in Ghezala Marsch (ICH8) and Utique Nouvelle 
(UTIN) – be larger (Table 1).

The populations from Enfidha (ENF) and Ghomrassen 
(GHO) have been cultivated outside their natural habitat 
for some years from sediment containing oospores. Installed 
in transparent trays in Tunis, these cultures were placed in 
10 cm of water from November-December until May-June 
and kept dry for the rest of the year.

Measurements

We made morphometric measurements of individual plants 
from the 13 populations of Chara oedophylla, the four co-
occurring populations of C. vulgaris, and the population of 
Chbika (CHB), attributed here to the new species C. acor-
tiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov. (see 
below). We collected these populations between 16 March 
and 15 May 2018 and identified them according to the keys 
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and descriptions by Soulié-Märsche & Muller (2016) and 
Muller et al. (2017). The protocol of gametangia study fol-
lows Comelles (1982). Measurements were made using a Wild 
binocular (× 40) with a reticulum.

Measurements were made on three axes of three different 
individuals of each population, with the exception of the 
Chara oedophylla from Cité Riadh (CRIA), Jebbès Lake (JEB), 
Oued el Abid (ABI1), and C. vulgaris from Joumine Marsch 
(ICH4), which were in poor condition when the measure-
ments were being made. The bract-cells are not distinguished 
from the bracteoles, i.e. the two upper cells of the cell crown 
developed at each node, nor from the bractlets, i.e. the lower 
cells developed beneath oogonia on unisexual female nodes 
(Schubert et al. 2024). We noted the following parameters 
(with the number of measurements carried out in parenthe-
sis): 1) distribution of gametangia per node (C. acortiphylla: 
423; C. oedophylla: 7369; C. vulgaris: 2905); 2) diameter of 
the three largest wet ripe antheridia per individual, without 
considering the organization of the gametangia of the nodes 
in question (C. acortiphylla: 9; C. oedophylla: 117; C. vulgaris: 
36); 3) length of the two longest bract-cells/bracteoles/bract-
lets per branchlet (C. acortiphylla: 379; C. oedophylla: 4872; 
C. vulgaris: 1598); 4) number of bract-cells/bracteoles/bractlets 
per node (C. acortiphylla: 423; C. oedophylla: 7361; C. vulgaris: 
2894); and 5) number of corticated segments per branchlet 
(C. acortiphylla: 191; C. oedophylla: 2354; C. vulgaris: 783).

Distribution data on the gametangia and number of bract-
cells/bracteoles/bractlets in Chara acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov., C. oedophylla and C. vulgaris 

were used to construct ascendant hierarchical classifications 
(AHC) based on Euclidian distances. Because the distribution 
of antheridia diameter, the length and number of bract-cells/
bracteoles/bractlets, and number of corticated segments were 
not normally distributed (Shapiro-Wilk test; Shapiro & Wilk 
1965), distributions were compared using the non-parametric 
Mann-Whitney test (Mann & Whitney 1947). Numerical 
analyses and graphs were performed using PAST (Hammer 
et al. 2001).

RESULTS

The biometrical data are summarized in Table 2.

Arrangement of gametangia

The ascendant hierarchical classification (Fig. 1) distinguishes 
Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov. and C. oedophylla from C. vulgaris. Figure 2 highlights 
the striking differences in their gametangia arrangements. 
In C. vulgaris, bisexual nodes (mainly, MF, 75.5%; MMFF, 
2.2%) dominate whereas in C. acortiphylla S.D. Muller & A. 
Daoud-Bouattour, sp. nov. and C. oedophylla, they are less 
abundant (c. 20%) with a clear separation of sexes on different 
nodes: male nodes (M, 18.2% and 24.5%, respectively) and 
female nodes (61.9% and 55.1%, respectively). The female 
nodes mainly bear geminate (31.4% and 29.6%, respectively) 
and triplicate (15.6% and 7.9%, respectively) oogonia that 
are always arranged vertically. By contrast, in C. vulgaris, only 

Table 1. — Studied sites with either Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov. (Chbika, Ghomrassen) or C. oedophylla Feldmann  (all other 
sites). Abbreviations: CB, Cap Bon; CT, Central Tunisia; K, Kroumiria; M, Mogods; NE, North-east; ST, Southern Tunisia; *, type population of the species. The 
“Morpho” column identifies the populations used to make morphometric measurements: A, Chara acortiphylla; O, C. oedophylla; and V, C. vulgaris.

Code Site Region Alt. (m) Latitude N/ Longitude ENature
Population 
surface (m²)

Year of
observation Morpho

Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov.
CHB Chbika ST 160 34°19’23”N, 07°56’28”E Spring 1 2018 A
GHO Ghomrassen * ST 290 33°03’33”N, 10°19’17”E Wadi 5 2022, 2023
Chara oedophylla Feldmann
ABI1 Oued el Abid CB 31 36°52’15”N, 10°42’57”E Spring 3 2018 O
ABI2 Oued el Abid CB 24 36°52’22”N, 10°42’54”E Spring 5 2018 O
AHM Oued el Ahmar NE 62 36°38’51”N, 09°42’39”E Wadi 15 2018 O
CRIA Cité Riadh NE 20 36°49’59”N, 09°58’43”E Ditch 5 2018 O
ENF Enfidha airport CT 5 36°04’09”N, 10°24’24”E Wadi 1 2018, 2019 O
GUE Guetma NE 94 37°07’29”N, 09°16’25”E Flooded crop 100 2007
ICH4 Joumine (Ichkeul) NE 0 37°06’40”N, 09°42’31”E Channel 15 2018, 2019 O/V
ICH5 Joumine (Ichkeul) NE 2 37°06’37”N, 09°41’55”E Temporary pond 300 2018 O
ICH6 Joumine (Ichkeul) NE 0 37°06’37”N, 09°40’59”E Temporary pond 5 2018, 2019 O
ICH8 Ghezala (Ichkeul) NE 11 37°06’41”N, 09°37’41”E Salt marsh 2000 2018, 2019 O/V
JEB Jebbès Lake NE 109 36°53’15”N, 10°03’52”E Artificial lake 30 2018 O
MHA Mharza CT 68 35°15’40”N, 10°15’40”E Ditch 50 2018 O
MEJ Oued Mejerda NE 8 36°59’36”N, 10°03’28”E Backwater 1 2018, 2022
SEJE Garâa Sejenane Euca M 106 37°04’43”N, 09°12’38”E Artificial pond 50 2007, 2014
SEJO Oued Sejenane M 93 37°07’26”N, 09°16’31”E Wadi 10 2007
SEJ1 Garâa Sejenane GG1 M 99 37°05’11”N, 09°11’57”E Flooded crop 10 2007
SEJ51 Garâa Sejenane GG51 M 106 37°04’37”N, 09°12’41”E Ditch 10 2018 O/V
TAM Tamerza ST 242 34°22’45”N, 07°54’56”E Spring 1 2018 O
TINJ Oued Tinja NE 2 37°10’12”N, 09°45’36”E Wadi n.a. 1926
UTIN Utique Nouvelle NE 1 37°07’20”N, 10°05’03”E Salt marsh 1000 2022 V
UTIZ Utique-Zone industrielle NE 6 37°03’24”N, 10°01’15”E Ditch 10 2018
ZHA Zhana-Mabtouha NE 7 37°01’21”N, 09°59’55”E Temporary pond 500 2018

https://www.openstreetmap.org/?mlat=34.3230555555556&mlon=7.94111111111111#map=11/34.3230555555556/7.94111111111111
https://www.openstreetmap.org/?mlat=33.0591666666667&mlon=10.3213888888889#map=11/33.0591666666667/10.3213888888889
https://www.openstreetmap.org/?mlat=36.8708333333333&mlon=10.7158333333333#map=11/36.8708333333333/10.7158333333333
https://www.openstreetmap.org/?mlat=36.8727777777778&mlon=10.715#map=11/36.8727777777778/10.715
https://www.openstreetmap.org/?mlat=36.6475&mlon=9.71083333333333#map=11/36.6475/9.71083333333333
https://www.openstreetmap.org/?mlat=36.8330555555556&mlon=9.97861111111111#map=11/36.8330555555556/9.97861111111111
https://www.openstreetmap.org/?mlat=36.0691666666667&mlon=10.4066666666667#map=11/36.0691666666667/10.4066666666667
https://www.openstreetmap.org/?mlat=37.1247222222222&mlon=9.27361111111111#map=11/37.1247222222222/9.27361111111111
https://www.openstreetmap.org/?mlat=37.1111111111111&mlon=9.70861111111111#map=11/37.1111111111111/9.70861111111111
https://www.openstreetmap.org/?mlat=37.1102777777778&mlon=9.69861111111111#map=11/37.1102777777778/9.69861111111111
https://www.openstreetmap.org/?mlat=37.1102777777778&mlon=9.68305555555555#map=11/37.1102777777778/9.68305555555555
https://www.openstreetmap.org/?mlat=37.1113888888889&mlon=9.62805555555556#map=11/37.1113888888889/9.62805555555556
https://www.openstreetmap.org/?mlat=36.8875&mlon=10.0644444444444#map=11/36.8875/10.0644444444444
https://www.openstreetmap.org/?mlat=35.2611111111111&mlon=10.2611111111111#map=11/35.2611111111111/10.2611111111111
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Fig. 1. — Dendrogram obtained from an ascendant hierarchical classification (Euclidian distance) performed on the number of nodes of the 11 different modes of 
gametangia arrangement, counted on three individuals per population in 18 populations studied. The individual code is composed of the site code (see Table 1) 
preceded by A- (Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov.), O- (C. oedophylla Feldmann) or V- (C. vulgaris L.).
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9.5% of the nodes are male, 12.1% are purely female with 
solitary oogonia, and only 0.4% have geminate oogonia that 
are always arranged laterally.

Diameter of antheridia

We measured the diameter of the three largest wet ripe anther-
idia of each individual for Chara acortiphylla (9), C. oedophylla 

(117) and C. vulgaris (36). These vary from 513 to 692 µm 
in C. acortiphylla, from 385 to 769 µm (88% >500 µm) in 
C. oedophylla and from 256 to 692 µm in C. vulgaris (Fig. 3). 
The average antheridia diameter (Table 2) differs significantly 
between C. vulgaris and both C. acortiphylla (Mann-Whitney 
test: U = 49.5; p <0.001) and C. oedophylla (Mann-Whitney 
test: U = 848.0; p <0.001).

Fig. 2. — Distribution of gametangia arrangement in the 18 populations stud-
ied linked to Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov., 
C. oedophylla Feldmann and C. vulgaris L. Female nodes include solitary (F), 
geminate (FF) and three-arranged oogonia (FFF); male nodes include solitary 
(M) and geminate antheridia (MM); and bisexual nodes include diverse arrange-
ments of oogonia (F) and antheridia (M).
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Fig. 3. — Box plot of antheridia diameter of Chara acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov., C. oedophylla Feldmann and C. vulgaris L. The 
range of antheridia diameter in Europe (E) is represented for C. oedophylla and 
C. vulgaris on the right-hand side of boxes (after Denys et al. [2024] and Soulié-
Märsche et al. [2024]). Different asterisk number denotes significant differences 
(p <0.001; Mann-Whitney test).

A B

Fig. 4. — Chara oedophylla Feldmann from Enfidha (ENF): A, individual with swollen bract-cells, taken in nature (01.IV.2018); B, individual with thin bract-cells, 
from laboratory culture. Scale bars: 1 mm. Photo credits: I. Hammami & A. Daoud-Bouattour.
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Fig. 5. — Dendrogram obtained from an ascendant hierarchical classification (Euclidian distance) performed, per the three individuals of each of the 18 popula-
tions, on the number of nodes of each modality of bract-cell. For the significance of site codes, refer to Figure 1.
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Length of bract-cells/bracteoles/bractlets

The length of the two longest bract-cells/bracteoles/bractlets of 
each branchlet was measured on three individuals of all studied 
populations of Chara acortiphylla (1), C. oedophylla (13) and 
C. vulgaris (4). The average length (Table 2) differs significantly 
between C. vulgaris and C. oedophylla (Mann-Whitney test; 
U = 79379; p <0.001). The bract-cells/bracteoles/bractlets in 
nearly all of the populations of C. acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov. and C. oedophylla were not 
“oedemized”. Only the in-situ population of C. oedophylla from 
Enfidha (ENF) shows swollen bract-cells/bracteoles/bractlets 
(observations made in 2018 and 2019; Fig. 4A) whereas those 
of individuals obtained from an in-vitro culture of oospores 
from the same population are “non-oedemized” (Fig. 4B). 
The swollen bract-cells/bracteoles/bractlets – the basis of the 
species’ name – based on population type, do not appear to 
be consistent and might be a morphological adaptation to 
growing conditions.

Number of bract-cells/bracteoles/bractlets

In order to focus on the number of bract-cells/bracteoles/
bractlets, a recognized diagnostic criterion of Chara oedophylla 

(Feldmann 1945; Soulié-Märsche & Muller 2016), the sta-
tistical study does not take into consideration the male nodes 
that generally have two short bracteoles accompanied by 
punctiform rudimentory bract-cells. The ascending hierar-
chical classification based on the number of bract-cells/brac-
teoles/bractlets (Fig. 5) clearly distinguishes the populations 
of Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov. and C. oedophylla from those of C. vulgaris. In 
C. acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov. 
and C. oedophylla, the two bracteoles are always accompanied 
by two to six well-developed bract-cells on unisexual female 
nodes. The difference is highly significant (Mann-Whitney 
test; U = 0; p <0.001). Figure 6 shows the dominance of nodes 
with four-five bract-cells/bracteoles/bractlets in C. vulgaris 
(bisexual nodes; 81.4%) and, to a lesser extent, in C. acor-
tiphylla (43.8%) and C. oedophylla (48.9%). Finally, while 
there are practically no nodes with four to seven bract-cells/
bracteoles/bractlets in C. vulgaris (0.2%), these are found in 
all populations of C. acortiphylla S.D. Muller & A. Daoud-
Bouattour, sp. nov. and C. oedophylla, where they represent 
more than 40% of nodes (Table 2).

Number of corticated segments of the branchlets

The average number of corticated segments per whorl differs 
significantly between Chara oedophylla (2.4 ± 1.0) and C. vul-
garis (3.8 ± 0.5) (Mann-Whitney test; U = 4538; p <0.001) 
(Fig. 7), ranging from two to five per branchlet in C. vulgaris, 
with a majority of branchlets (55%) showing four corticated 
segments, and between zero and five in C. oedophylla, with a 
majority of branchlets having one-three corticated segments 
(18%, 40% and 27% respectively). Only 1% of branchlets 
is fully corticated in this species. 

The plants collected at Chbika Falls (CHB) in southwest 
Tunisia are very different from the studied populations of 
Chara oedophylla. They showed 50% ecorticated branchlets 
and 45% corticated only on the basal segment (Fig. 7). Similar 
plants, with completely ecorticated branchlets, were found 
at a different site in southern Tunisia, Ghomrassen (GHO). 
While the arrangement of gametangia (mainly sejoined 
and vertically arranged, geminate oogonia) undoubtedly 
links this form to C. oedophylla, its ecorticated branchlets 
and the presence of gametangia on the ecorticated nodes 
distinguishes it.

Because these features recall those currently used to distin-
guish Chara gymnophylla A. Br. from C. vulgaris (Schubert 

Fig. 6. — Distribution of populations according to the proportion of nodes with 
0-1, 2-3 and 4-7 bract-cells, respectively. Male nodes of Chara acortiphylla 
S.D. Muller & A. Daoud-Bouattour, sp. nov. and C. oedophylla Feldmann, which 
only harbor two bracteoles, are not considered.

Table 2. — Main characteristics distinguishing Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov.  and C. oedophylla Feldmann  from C. vulgaris L.

Character

C. acortiphylla 
S.D. Muller & A. Daoud-
Bouattour, sp. nov. C. oedophylla Feldmann C. vulgaris L.

Proportion of unisexual nodes 80.1% 79.6% 21.9%
Proportion of 2-3 oogonia on female nodes 47.0% 37.5% 0.4%
Arrangement of oogonia on female nodes Vertical Vertical Lateral
Mean diameter of antheridia (µm) 612.5 ± 42.3 610.6 ± 17.1 488.6 ± 34.8
Mean length of bract-cells (mm) 1.396 ± 0.104 1.265 ± 0.025 1.465 ± 0.046
Proportion of nodes with 4-7 bract-cells 50.2% 43.3% 0.2%
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et al. 2024), we propose defining these poorly corticated 
plants as a separate species.

Taxonomy

Family Characeae Gray 
Gender Chara L.

Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov. (Figs 8; 9)

Diagnosis. — Plants with the morphology characteristic of Chara 
oedophylla (sejoined gametangia) with ecorticated or poorly corti-
cated branchlets.

Material examined. — Tunisia • Ghomrassen; 33°03’33”N, 
10°19’17”E; 290 m alt.; 26.XII.2023; Z. Ghrabi-Gammar; dried after 
cultivation at Montpellier, 27.VI.2024; holotype deposited at the 
Montpellier Herbarium, Université de Montpellier, no. MPU896993; 
isotypes INAT and personal herbarium of S.D. Muller.

Locality. — Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov. is currently known in two localities in southern Tunisia from 
160 to 290 m a.s.l.: the type locality (Ghomrassen), where it devel-
ops as patches along the wadi traversing the city, and the mountain 
oasis of Chbika, where it occurs in a spring. To date, C. acortiphylla 
S.D. Muller & A. Daoud-Bouattour, sp. nov. is considered endemic 
to southern Tunisia, but can also occur in similar habitats in con-
terminous countries.

Etymology. — The specific epithet is composed of the two terms 
“acorti”, from the Latin cortex preceded by the privative prefix a, 
and “phylla”, from the Greek phýllon (leaf ). It refers to the ecorti-
cated branchlets that distinguish this species from Chara oedophylla. 
Although it is generally recommended not to mix Greek and Latin 
roots in a scientific name, we preferred the ending “phylla” to “folia” 
in order to recall C. gymnophylla (from the Greek gymnós, naked, 
and phýllon, leaf ), which exhibits the same feature.

Description

Axes corticated, isostichous, more or less spiraled. Second-
ary axes with ecorticated basal segments. Stipulodes short. 
Spine cells rare, short to punctiform. Eight-nine branchlets 
per node. From 50-100% of the branchlets are completely 
ecorticated while the balance are corticated only on the basal 

segment (very rarely on the two basal segments). Branchlets 
composed of six segments: the nodes of the two basal seg-
ments generally bear bracteoles, bract-cells and gametangia, 
and the upper segments form a long, thin, acute termination. 
Lateral bract-cells and bracteoles are more or less long and 
thin, longer than four-eight times the length of gametangia, 
not swollen as is sometimes seen in Chara oedophylla. Dorsal 
bract-cells very short to punctiform.

Taxon monoecious with antheridia and oogonia mostly 
sejoined, rarely together at the same node. Antheridia gener-
ally solitary (diameter of wet ripe antheridia: 500-700 µm), 
accompanied by two bracteoles and zero-two punctiform bract-
cells. Oogonia solitary or geminate, aligned vertically on the 
branchlet axis with a basipetal development. In addition to the 
ever present two bracteoles, solitary oogonia are accompanied by 
zero-two bract-cells/bractlets and geminate oogonia by zero-six 
bract-cells/bractlets. We observed no groups of three oogonia as 
are often found in Chara oedophylla. The distribution mode of 
the gametangia arrangement seems random, but basal whorls 
often harbor only female nodes, while the proportion of male 
nodes seems to increase towards the upper part of the plant 
(Fig. 8). Oospores and gyrogonites (calcified oospores) present 
12-13 striae. Oospores measure 400-500 × 270-300 µm, and 
gyrogonites, 500-550 × 330-350 µm (Fig. 9).

Notes

The species rank of this taxon follows the microspecies con-
ception of Schubert et al. (2024).

DISCUSSION

Variability of Chara oedophylla 
and differences with C. vulgaris

Our observations confirm the unchanging morphology of 
Chara oedophylla (detailed by Feldmann [1945]; Wood [1962] 
and Mouronval et al. [2015], and synthesized by Soulié-
Märsche & Muller [2016] and Soulié-Märsche et al. [2024]), 
both in nature (sometimes in the presence of C. vulgaris) and 
under different environmental conditions. Such morphologi-
cal constancy, also documented in southern France (Soulié-
Märsche 2003), argues strongly for the status of the taxon 
as a species (Soulié-Märsche & Muller 2016). Moreover, 
our measurements confirm the morphological differences of 
Chara oedophylla and C. vulgaris (Table 2), which are based 
mainly on the following.

Distribution of gametangia
Majority of unisexual nodes in C. oedophylla vs bisexual nodes 
in C. vulgaris.

Arrangement of oogonia on female nodes
Significant occurrence of two-three oogonia per node, always 
vertically arranged in C. oedophylla vs rare geminate oogonia 
in C. vulgaris, always arranged side by side.

Significantly larger antheridia in C. oedophylla than in 
C. vulgaris.

Fig. 7. — Percentage of branchlets for each modality of the number of corticated 
segments in Chara acortiphylla S.D. Muller & A. Daoud-Bouattour, sp. nov., 
C. oedophylla Feldmann and C. vulgaris L..

https://www.openstreetmap.org/?mlat=33.0591666666667&mlon=10.3213888888889#map=11/33.0591666666667/10.3213888888889
https://www.openstreetmap.org/?mlat=33.0591666666667&mlon=10.3213888888889#map=11/33.0591666666667/10.3213888888889
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Remarks

Nevertheless, two points should be emphasized. The first con-
cerns the swollen aspect of bract-cells, bracteoles and bractlets 
from which the species takes its name, and which appear to 
be a constant feature in populations outside Tunisia. Here, on 

the contrary, it appears infrequently, and was observed only 
at Oued Tinja (Feldmann 1945), Garâa Sejenane (Soulié-
Märsche & Muller 2016; Muller et al. 2017) and Enfidha 
(Fig. 4A). Almost all populations observed in 2018 had long, 
thin bracts. The Enfidha population has swollen bract-cells 

A

B

Fig. 8. — Chara acortiphylla S.D. Muller & A. Daoud-Bouattour sp. nov.: A, axis portion showing the four upper whorls, the ecorticated branchlets and the het-
erogeneous arrangement of gametangia; B,the detail shows the typical geminated vertically arranged oogonia surrounded by two bracteoles and two elongated 
bract-cells. Scale bars: A, 1 cm; B, 1 mm. Drawing: S.D. Muller
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in the field (observed in 2018 and 2019) but not in culture 
(Fig. 4), suggesting that this characteristic should be considered 
an ecomorphosis, probably related to environmental factors 
such as low water depth or relatively warm waters. The fact 
that Chara oedophylla frequently develops this swollen or 
“oedemized” habit is nevertheless a supplementary distinctive 
characteristic from C. vulgaris.

The second point concerns our measurements of the 
antheridia diameter. These do not fit completely with the 

measurements given for both species by Soulié-Märsche 
et al. (2024) and Denys et al. (2024), and are shifted towards 
lower values for Chara oedophylla whereas the average val-
ues for C. vulgaris are higher overall than those for Europe 
(Fig. 3). The discrepancy between our measurements and 
those reported by Denys et al. (2024) for C. vulgaris could 
be due to the fact that our ones were uniquely made on wet 
material, while the others could have been at least partly 
made on dried material.

Fig. 9. — Chara acortiphylla S.D. Muller & A. Daoud-Bouattour sp. nov. Oospore (A-D): A, lateral view; B, apex; C, impression of the basal plate; D, basal cage 
detail. Gyrogonite (E-G): E, lateral view; F, apex; G, basal view; H, oogonium showing the spherical cells of coronula. Scale bars: A-C, E-H, 100 µm; D, 50 µm. 
Photocredits: B. Rebière, Université de Montpellier.
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Comparison of Chara acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov. 
and C. gymnophylla/squamosa

As noted, the features of Chara acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov. recall those of C. gymnophylla 
and C. squamosa Desf. (Mouronval et al. 2015; Muller et al. 
2017; Schubert et al. 2024). However, the arrangement of 
gametangia is distinctly different – unisexual in C. acortiphylla 
vs bisexual in C. gymnophylla and C. squamosa – as is the lower 
number of fructified nodes per branchlet (two vs three-four) 
(Romanov & Becker 2024; Romanov et al. 2024).

The characteristics of Chara acortiphylla S.D. Muller & 
A. Daoud-Bouattour, sp. nov. proved to be quite consistent 
as shown by the population of Ghomrassen (GHO), which 
includes only individuals with completely ecorticated branchlets. 
Those plants were first found and collected on March 15, 2022. 
When site sediment was cultivated in Tunis over a period of 
two years, populations presenting exactly the same morphol-
ogy as the field population developed. After the December 
26, 2023 collection was cultivated for four months in Tunis 
and for a further four months in Montpellier, the consistent 
morphology in both the field and in culture was confirmed.

In comparison to Chara oedophylla, the plants from Ghom-
rassen and Chbika present the same differences as C. gymno-
phylla compared to C. vulgaris and as C. squamosa compared 
to C. contraria A. Br. ex Kütz.: either there is no branchlet 
cortication or it is restricted to one or two segments, and 
gametangia are borne on ecorticated nodes.

CONCLUSION

The discovery in Tunisia of 17 new populations of Chara 
oedophylla makes it possible to better circumscribe the mor-
phological diversity of this rare and poorly known species. The 
additional discovery of a partly ecorticated taxon, described 
here as C. acortiphylla S.D. Muller & A. Daoud-Bouattour, 
sp. nov., clearly links the complex Chara oedophylla-acor-
tiphylla to the similar pairs of taxa C. vulgaris-gymnophylla 
and C. contraria-squamosa. In each of these pairs, the first 
species bear gametangia on corticated nodes while the second 
bear them on ecorticated nodes. These morphological differ-
ences could result from recent or even ongoing speciation, as 
suggested for Chara oedophylla, which probably represents an 
evolutionary stage from an initially monoecious state towards 
dioecy (Soulié-Märsche & Muller 2016). The question of the 
taxonomical rank of such related taxa remains unresolved. 
While Chara squamosa has long been considered a synonym 
for C. gymnophylla, considered in turn to be a variety of 
C. vulgaris (Wood 1962), the most recent reference for Europe 
(Schubert et al. 2024) returns to the microspecies concept 
established by Braun (1883) and Migula (1900): these taxa 
are all ranked as species. However, molecular phylogenetic 
analyses (Nowak et al. 2024) do not reflect the morphologi-
cal differences between these microspecies, especially in the 
genus Chara, which reveals the group’s high polymorphism 
(Schneider et al. 2016). Concerning our own observations 

of Chara oedophylla and C. vulgaris, the constancy of most 
of the characteristics over time and in space, in the field and 
in culture, and in mixed populations, supports the argument 
for related but distinct species. That said, the overlap of the 
antheridia diameter values in both species and the occur-
rence of non-swollen populations of C. oedophylla suggest 
the possibility of introgression. Unfortunately, no molecular 
data are available for the rarer taxa including C. oedophylla, 
C. squamosa (Nowak et al. 2024), and C. acortiphylla S.D. Mul-
ler & A. Daoud-Bouattour, sp. nov., making it impossible to 
determine their actual status.
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