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New records of Chara connivens P. Salzmann ex A. Braun 1835
— an extremely rare and protected species in Polish brackish waters
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Abstract

The stonewort Chara connivens was rediscovered in the Vistula Lagoon in 2011, almost 35 years after its last record. In
2012, the species was recorded for the first time in the Szczecin Lagoon. Chara connivens occurred at shallow (0.5-1.2 m)
sandy-muddy and muddy bottoms of small embayments. In the Vistula Lagoon, the stonewort was represented by single
small specimens, while in the Szczecin Lagoon, it formed dense and extensive patches.
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Introduction

Charophytes are a group of macroscopic green algae
represented by 314 species [1] assigned to the family Chara-
ceae within the phylum Chlorophyta; alternatively, they
are treated as a separate phylum, the Charophyta [2]. The
occurrence of most of the Characeae species in Europe is
limited to clear, freshwater lakes of low fertility [3-8]. In
response to increasing trophic status and the associated
light limitation, many charophytes have therefore become
rare, and are treated as sensitive bioindicators of water
quality [6,9]. Although the number of sites with abundant
charophyte vegetation has decreased, these macroalgae are
widely distributed in different types of aquatic environments
throughout the world. Due to their ability for ion regula-
tion and osmotic adjustment, a set of charophyte species,
commonly known from freshwaters, can occur in brackish
coastal lagoons, as shown for the Baltic Sea [10].

In brackish waters, charophytes experience changes in
osmotic pressure and mineral composition [7]. A brackish
environment unique on a global scale is the Baltic Sea, the
world’s largest brackish water body [11]. The variety of the
Baltic coast types gives rise to diverse and specific biocoe-
noses. Among submerged algae, a number of freshwater and
brackish charophyte species were identified to represent five
out of six genera within the family of Characeae [10]. Among
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the rarest brackish charophytes, Chara connivens P. Salzmann
ex A. Braun 1835 exemplifies those species whose distribu-
tion has been reported to have greatly declined [12,13].

Chara connivens is widely distributed, with records known
from Europe, Africa and Northern Asia [6,12,14-16]. Within
Europe, C. connivens was recorded in the western European
maritime regions, along the coasts of the Mediterranean and
the Baltic Sea, and in inland saline waters of central and
southern Europe [4,6,12]. In Poland, historical records of the
species are available for the Gulf of Gdansk [4] and for the
Vistula Lagoon [17]. Currently, C. connivens has a status of a
strictly protected species. In the “Red list of plants and fungi
in Poland’, published in 2006 [18], the species was assigned
to the category Ex, i.e., extinct or probably extinct species.

The present paper reports new records of C. connivens
from the Vistula and the Szczecin Lagoons. The Vistula
Lagoon observation is a rediscovery of C. connivens after
almost 35 years of the previous record, while in the Szczecin
Lagoon this species has never been noted so far.

Material and methods

The occurrence of C. connivens was evidenced in the Pol-
ish parts of the Vistula and Szczecin Lagoons (Fig. 1) during
the vegetation studies performed on 6 July 2011 in the Vistula
Lagoon and on 31 July and 14 August 2012 in the Szczecin
Lagoon. The distribution and species composition of aquatic
vegetation was determined by direct observations and from
samples collected with an anchor. Additionally, in the Vistula

This is an Open Access article distributed under the terms of the Creative Commons Attribution 3.0 License (creativecommons.org/licenses/by/3.0/), which permits 143
redistribution, commercial and non-commercial, provided that the article is properly cited. © The Author(s) 2015 Published by Polish Botanical Society


http://creativecommons.org/licenses/by/3.0/
mailto:paulina.brzeska%40im.gda.pl?subject=asbp.2015.010
http://dx.doi.org/10.5586/asbp.2015.010

Brzeska et al. / New records of Chara connivens in Poland

Szczecin
Lagoon

Fig. 1 Sites of C. connivens occurrence in the Szczecin and Vistula Lagoons.

Lagoon the floristic data collection was supplemented with
measurements of water conductivity and temperature taken
with a portable CTD probe.

Results and discussion

Characteristics of individuals

Chara connivens [syn. Chara globularis f. connivens
(P. Salzmann ex A. Braun) R.D. Wood 1962] is a small
alga, usually up to 15 cm long, rarely longer (25-50 cm)
[4,12,13,15,19]. The slightly encrusted and slender thalli
are delicate green and lustrous [4]. Sterile specimens of
C. connivens are very similar to those of C. globularis Thuill.
[15] due to presence of triplostichous stem cortex (usually
isostichous or prime cells slightly larger than the secondaries)
with lacking or rudimentary spine cells [4] and two rows of
rudimentary stipulodes (uppers slightly larger than lowers
or all imperceptible).

The features important in distinguishing the two species
include the branchlets (6-10 in a whorl composed of 6-13
segments each, out of which the terminal 1-2 celled segment
is ecorticate) which in C. connivens are strongly incurved in
fertile male specimens, often also in fertile female individuals
[4,6,12,15]. This feature is marked on the photographs of
individuals from the Szczecin (Fig. 2) and Vistula (Fig. 3)
Lagoons. Additionally, the axial internodes are very long, up
to 6 times as long as the branchlets [12]; this was observed in
our collections (Fig. 3). The most important distinguishing
trait is that C. connivens is dioecious, while C. globularis is
monoecious. In C. connivens, antheridia and oogonia develop
at the lowermost 1-4 and 1-3 branchlet nodes, respectively
[4]. The red solitary antheridia of up to 1 mm in diameter
in C. connivens are larger than those in C. globularis [12,16].
The oogonia are up to 1.1 mm long and the oospores are
dark. The specimens collected in the two lagoons showed the
characters described above, typical of the vegetative thallus
parts of C. connivens. In addition, besides sterile specimens,
both lagoons yielded fertile male specimens which were
more abundant in the Szczecin Lagoon (Fig. 2), where fertile
female individuals were found as well.

Characteristics of Chara connivens sites

On 6 July 2011, C. connivens was found in the western
part of the Vistula Lagoon (Fig. 1), on sandy mud at a depth
of 1.1 m. The area was partially isolated by abundant mono-
specific assemblages of emergent vegetation, particularly
Phragmites australis (Cav.) Steud. and Schoenoplectus lacustris
(L.) Palla. As the site is shallow and the water dynamics is
low, the water column temperature was high (19.5°C). The
site is located 2 km away from the nearest river mouth; the
riverine inflow resulted in low salinity (0.8 psu). The water
was transparent down to the bottom; however, it was not
possible to examine the submerged vegetation distribution
from the shipboard as the bottom was densely covered by
the filamentous green algae Cladophora sp., Oedogonium sp.
and Rhizoclonium riparium (Roth) Harvey (those accounted
for 90% of the biological material collected). The site sup-
ported a high diversity of macrophyte species occurring as
single and small-sized specimens. They were dominated by
Potamogeton pusillus L. (scoring 3 in the cover-abundance
scale), young specimens of Sparganium emersum Rehmann
(3) and Stuckenia pectinata (L.) Borner (2). Stoneworts such
as Chara tomentosa L., C. contraria A. Braun ex Kiitzing,
and C. globularis co-occurred in small quantities (1). Chara
connivens was assigned to the category of the least numerous
species (r), along with C. aspera Detharding ex Willdenow,
Ceratophyllum demersum L., Myriophyllum spicatum L., Zan-
nichellia palustris L. and Nitellopsis obtusa (N.A. Desvaux) .
Groves. In the 1970s, single specimens of C. connivens were
reported from the same area by Plinski et al. [17].

In 2012, two sites supporting C. connivens were identified
in the Szczecin Lagoon. The first site (visited on 31 July) was
located in a small cove in the western part of Wicko Wielkie
Lake, the other site (visited on 14 August) was situated oft
the western shore of the Smie¢ Peninsula (Fig. 1). The first
site, with muddy and sandy-muddy bottom and an aver-
age depth lower than 1 m was virtually entirely vegetated
by a dense patch of elodeids represented by Potamogeton
perfoliatus L., Stuckenia pectinata, Potamogeton crispus L.,
Elodea canadensis Michx., Ceratophyllum demersum and
Myriophyllum spicatum. Chara connivens formed dense
patches in the southern and south-western parts of the cove,
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Fig.2 A male C. connivens collected in the Szczecin Lagoon.
1 - main axis (stem) with triplostichous isostichous cortex; 2 - a
node with a double whorl of rudimentary stipulodes; 3 — a male
gametangium (antheridium) only, showing the dioecious character;
4 - an incurved branchlet; 5 - an ecorticate terminal segment of
the branchlet.

ata depth of 0.5-1.2 m, frequently in a close proximity to the
shore and the reed belt. The area covered by C. connivens was
about 750 m long and up to a few tens of meters wide. Single
specimens were encountered as admixtures to other elodeids
throughout the cove. The site supported both male and
female individuals, the first being distinctly more abundant
(at a 3:1 ratio). The male specimens occurred throughout the
depth range, the females were present at larger depths (about
1 m) only. When growing abundantly, C. connivens forms
a community that, in terms of phytosociological attempt to
vegetation study [20], is classified as Charetum conniventis
Velayos et al. 1989 association, with C. connivens to be both
diagnostic and dominant species [19]. In the cited work,
Charetum conniventis was classified within I category of
threat — vague threat, no threat [19].

The other site was a shallow (depth of about 1 m), muddy
embayment, distinctly set off from the Szczecin Lagoon
by the course of the shoreline and a dense, wide belt of
P, australis. The shores were lined by patches of nympheids
(Nuphar lutea L., Nymphaea alba L., Hydrocharis morsus-
ranae L.) and pleuston species (Lemna minor L., L. gibba L.,
L. trisulca L.) The central part of the embayment supported
an assemblage consisting of Stratiotes aloides L. accompanied
by Elodea canadensis, Myriophyllum spicatum, and covered
densely by Lemna trisulca. The easternmost part of the

Fig. 3 A C. connivens specimen from the Vistula Lagoon. 1 - an
internode of the main axis (stem), usually longer than branchlets;
2 - an incurved sterile branchlet. The specimen’s thalli are delicately
green and lustrous as described by Dambska [4].

embayment was found to host a few scattered patches of
C. connivens — exclusively female individuals.

This paper provides information on new stands of
C. connivens, an extremely rare and protected stonewort
species which has been, for many years, considered to be
extinct. Interestingly, following the investigations reported
here, the species was found in other localities in both lagoons
in 2012 [19]. The cited authors suggested that the species’
distribution in Poland can be wider (not only coastal but also
saline inland waters) and proposed to change the category of
threat of C. connivens, species formerly considered as extinct,
to LC category - the least concern species. In our opinion
such a significant shift in category of threat is disputable and
premature due to the very few records. Nevertheless, similar
conclusions on a possibly wider distribution of the species
have been recently drawn for the Estonian and Swedish
coastal waters [21,22].

The fact that C. connivens was rediscovered in the Vistula
Lagoon (eutrophicated water body), might have resulted
from the natural ability of charophytes to survive in un-
favorable environmental conditions, probably via their
oospore bank in the sediments. Under favorable conditions,
oospores can germinate even after decades [23]. During the
last few years water column phosphorus concentrations
in the Vistula Lagoon have declined [24]. It is known that
under lower phosphorus concentrations and improved light
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conditions charophythes recover their meadows [25]. New
sites of charophytes, like in the case of Szczecin Lagoon,
can be established not only through vast floristic studies
but, interestingly, also by animals, particularly by birds
distributing oospores over considerable distances in their
intestinal tracks [7].

Acknowledgments

The authors are grateful to Lena Szymanek for producing the map, to Sven
Dahlke and Aleksandra Petechata for valuable taxonomic consultations,
and to colleagues who helped with the field work. The three anonymous
reviewers are acknowledged for precious comments and suggestions that
improved the manuscript. Research in the lagoons was supported by the
Polish Ministry of Science and Higher Education throughout the statu-
tory funds.

Authors’ contributions

The following declarations about authors” contributions to the research
have been made: designing and performing field studies: PB, AW; spe-
cies identification: PB, AW, MP, IB; photographs: MP, AW; writing of the
manuscript: PB, MP, AW, IB.

Competing interests
No competing interests have been declared.

References
. Wood RD, Imahori K. Geographical distribution of Characeae. Bull
Torrey Bot Club. 1959;86:172-183.

—

[38]

. Guiry MD, Guiry GM. AlgaeBase. World-wide electronic publication,
National University of Ireland, Galway [Internet]. 2012 [cited 2012
Dec 8]; Available from: http://www.algaebase.org

w

. Hutchinson GE. A treatise on Limnology. 3: limnological botany. New
York, NY: John Willey and Sons, Inc.; 1975.

'S

. Dambska I. Charophyta — Ramienice. Warsaw: Polish Scientific
Publishers PWN; 1964. (Flora stodkowodna Polski; vol 13).

. Krause W. Characeen als Bioindikatoren fiir den Gewisserzustand.
Limnologica. 1981;13(2):399-418.

w

(=)

. Krause W. Charales (Charophycae). Siisswasserflora von Mitteleuropa.
Jena: Gustav Fischer Verlag; 1997.

.

Martin G, Torn K, Blindow I, Schubert H, Munsterhjelm R, Henricson
C. Introduction to charophytes. In: Schubert H, Blindow I, editors.
Charophytes of the Baltic Sea. Ruggell: Baltic Marine Biologists.
Gantner Verlag; 2003. p. 3-14. (vol 19).

o)

. Petechaty M, Pukacz A. Klucz do oznaczanie gatunkéw ramienic
(Characeae) w rzekach i jeziorach. Warszawa: Inspekcja Ochrony
Srodowiska. Biblioteka Monitoringu Srodowiska; 2008.

Nel

. Apolinarska K, Pefechaty M, Pukacz A. CaCO:; sedimentation by
modern charophytes (Characeae): can calcified remains and carbonate
§"*C and 8"0 record the ecological state of lakes? — a review. Studia
Limnologica et Telmatologica. 2011;5(2):55-66.

1

(=]

. Schubert H, Blindow I, editors. Charophytes of the Baltic Sea. Ruggell:
Baltic Marine Biologists. Gantner Verlag; 2003. (vol 19).

1

—_

. Schubert H, Mathiesen L, Blindow I. The brackish environment.
In: Schubert H, Blindow I, editors. Charophytes of the Baltic Sea.

Considering the findings presented in this paper, it can
be concluded that C. connivens requires further field studies.
Since both Vistula and Szczecin Lagoons still experience a
strong anthropogenic pressure (eutrophication), it is essential
to identify the species’ distribution for its preservation and
potential conservation actions.

Ruggell: The Baltic Marine Biologists Publications No. 19, Gantner
Verlag; 2003. p. 15-26.

12. Torn K, Martin G. Chara connivens Salzm. ex A. Braun 1835. In:
Schubert H, Blindow I, editors. Charophytes of the Baltic Sea. Ruggell:
Baltic Marine Biologists. Gantner Verlag; 2003. p. 82-88. (vol 19).

13. Guiry MD, Guiry GM. AlgaeBase. World-wide electronic publication,
National University of Ireland, Galway [Internet]. 2015 [cited 2012
Dec 21]; Available from: http://www.algaebase.org

14. Groves ], Bullock-Webster GR. The British Charophyta. Volume II.
Charae with plater, concluding articles, geological sketch, bibliography
and index. London: Ray Society; 1924.

15. Wood RD, Imahori K. A revision of the Characeae. First part: mono-
graph of the Characeae. Weinheim: J. Cramer Verlag; 1965.

16. Luther H. Chara connivens in the Baltic Sea area. Ann Bot Fennici.
1979;16:141-150.

17. Plinski M, Krenska B, Wnorowski T. Stosunki florystyczne i biomasa
roslinno$ci naczyniowej Zalewu Wislanego. Studia i Materiaty
Oceanologiczne. 1978;21:161-196.

18. Sieminska J, Bak M, Dziedzic J, Gabka M, Gregorowicz P, Mrozifiska T
et al. Red list of the algae in Poland. In: Mirek Z, Zarzycki K, Wojewoda
W, Szelag Z., editors. Red list of plants and fungi in Poland. Krakéw: W.
Szafer Institute of Botany, Polish Academy of Sciences; 2006. p. 37-52.

19. Urbaniak J, Gabka M. Polish Charophytes. An illustrated guide
to identification. Wydawnictwo Uniwersytetu Przyrodniczego we
Wroctawiu, Monograph CLXXIII, Wroctaw; 2014.

20. Braun-Blanquet ]. Pflanzensoziologie, Grundziige der Vegetation-
skunde 3. Aufl. Vienna: Springer; 1964.

21. Torn K, Kovtun-Kante A, Herkiil K, Martin G, Mdemets H. Distribu-
tion and predictive occurrence model of charophytes in Estonian
waters, Aquat Bot. 2015;120(A):142-149. http://dx.doi.org/10.1016/j.
aquabot.2014.05.005

22. Blindow I. Atgirdsprogram for hotade kransalger: tuvstrifse och
barklost strafse 2008-2011. Tuvstrifse (Chara connivens), Barklost
strafse (Chara braunii). Rapport 5851, April 2009, Naturvardsverket;
2009.

23. Rodrigo MA, Alonso-Guillén JL, Soulié-Mérsche I. Reconstruction of
the former charophyte community out of the fructifications identified
in Albufera de Valéncia lagoon sediments. Aquat Bot. 2010;92:14-22.
doi:10.1016/j.aquabot.2009.09.002

24. Zalewski T. Raport o stanie srodowiska wojewddztwa warminsko-
mazurskiego w 2013 roku. Olsztyn: Inspekcja Ochrony Srodowiska,
Wojewddzki Inspektorat Ochrony Srodowiska w Olsztynie, Biblioteka
Monitoringu Srodowiska; 2013.

25. Richter D, Gross, E. Chara can outcompete Myriophyllum under low
phosphorus supply. Aquat Sci. 2013;75(3):457-467. http://dx.doi.
org/10.1007/s00027-013-0292-9

©The Author(s) 2015  Published by Polish Botanical Society ~Acta Soc Bot Pol 84(1):143-146 146


http://www.algaebase.org
http://www.algaebase.org
http://dx.doi.org/10.1016/j.aquabot.2014.05.005
http://dx.doi.org/10.1016/j.aquabot.2014.05.005
http://dx.doi.org/10.1007/s00027-013-0292-9
http://dx.doi.org/10.1007/s00027-013-0292-9

	Abstract 
	Introduction
	Material and methods
	Results and discussion
	Characteristics of individuals
	Characteristics of Chara connivens sites

	Acknowledgments
	Authors’ contributions
	Competing interests
	References

		2015-03-30T10:22:55+0200
	Polish Botanical Society




