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Abstract
Starry stonewort, Nitellopsis obtusa (Desv.) J. Groves, 1919, is deemed an invasive aquatic macroalga in North America
where there is considerable concern about the impact of this species on lake ecology. During floristic inventories to
characterize charophyte diversity in Michigan, we documented the occurrence of N. obtusa from seven inland lakes,
confirming the expansion of this species into Cass and Van Buren Counties in the southwestern region of the state. We
provide a description of the species along with morphological characters that distinguish it from other genera in the
Characeae. Detailed voucher specimen information, including aquatic vascular plant associates, substrate type, pH, total
alkalinity, and water depth, is presented for each collection site. Modes of dispersal and habitat parameters known to
influence the distribution of N. obtusa are considered.
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Introduction
Nitellopsis Hy, 1889, is one of six extant genera
within the family Characeae. Members of the
Characeae are submerged, macrophytic charalean
green algae, commonly known as stoneworts and
often referred to as charophytes (McCourt et al.
1996). Charophytes inhabit a wide variety of aquatic
habitats (Wood 1965; Moore 1986; Martin et al. 2004)
and play an integral role in community dynamics by
providing food and refuge for invertebrates, fish, and
waterfowl (e.g., Hutchinson 1975; Jeppeson et al.
1998; Van den Berg et al. 1998; Coops 2002).
Historically, three extant species of Nitellopsis have
been recognized: N. bulbillifera Donterberg, 1960,
N. sarcularis Zaneveld, 1940, and N. obtusa (Desv.)
J. Groves, 1919. Nitellopsis bulbillifera, originally
collected from Argentina, and subsequently reported
from New Mexico (Tindall et al. 1965), is likely
conspecific with Chara longifolia C.B. Robinson, 1906

(see Proctor et al. 1967) and occurs in sporadic
localities across the western United States and Canada
(Mann et al. 1999). Garcia (1990) transferred Argentinian N. bulbillifera to the genus Chara Linnaeus,
1753, but as a novel combination Chara bulbillifera
(Donterberg) Garcia, 1990. Nitellopsis sarcularis is
only known from its type locality on the Indonesian
island of Lombok (Zaneveld 1940). Nitellopsis obtusa
is native to Eurasia where it is widely distributed
from Europe to Japan (Wood 1965; Soulié-Märsche
et al. 2002; Urbaniak 2003; Naz et al. 2010; Kato et
al. 2014), but regionally red-listed as Near Threatened
(NT) in Switzerland (Auderset Joye and Schwarzer
2012), Vulnerable (V) Finland (Koistinen 2010),
Sweden (Johansson et al. 2010), and Britain (Stewart
2004), and Threatened I (CR+EN) in Japan (Japan
Ministry of the Environment 2012).
Commonly known as starry stonewort, Nitellopsis
obtusa was first reported in North America in 1978
when it was collected during a study of winter littoral
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Figure 1. A. Distribution of Nitellopsis
obtusa in the United States. B. Reported
occurrences and extent of invasion of
N. obtusa across Michigan. C. Georeferenced localities of the first
documented occurrences of N. obtusa
in Cass and Van Buren Counties, MI;
numbers represent site identification
codes that correspond to those in
Supplementary material Table S1.

vegetation in the St. Lawrence River near Goose Bay,
Alexandria, New York (Geis et al. 1981). By 1983,
it had extended its North American range into the
Laurentian Great Lakes where its occurrence was
documented from five locations along a 100 km stretch
of the St. Claire-Detroit River system (Schloesser et
al. 1986). Since its introduction, N. obtusa has spread
across the Great Lakes region of the United States
(Figure 1A) where it has been documented from 17
counties of New York (Sleith et al. 2015), 5 northern
counties of Indiana (Eric Fischer, Indiana Department of Natural Resources, pers. comm.), 4 counties
of Minnesota (K. Pennington, Minnesota Department
of Natural Resources, pers. comm.) and Wisconsin
(T. Plude, Wisconsin Department of Natural Resources,
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pers. comm.), and 2 counties of Pennsylvania (Pennsylvania Sea Grant 2016). In Michigan, the occurrence
of N. obtusa was first confirmed in 2006, and by
2009 this species was observed in 26 lakes across 13
counties (Pullman and Crawford 2010). Based on
sightings submitted to the Midwestern Invasive Species
Information Network between 2012 and 2016, but
excluding those presented herein, N. obtusa has been
reported from an additional 19 counties across Michigan
(MISIN 2016), bringing the total to 32 counties
(Figure 1B). In addition, it has recently been
confirmed from Orleans County in northern Vermont
(A. Bove, Vermont Department of Environmental
Conservation, pers. comm.) and in Presqu’ile Bay,
Lake Ontario, Canada (Midwood et al. 2016).

New records and notes of Nitellopsis obtusa from Michigan, USA

In this paper, we document new site records of
Nitellopsis obtusa collected from freshwater lakes in
southern Michigan. We also present information on
the morphological characters useful in distinguishing
N. obtusa from other members in the Characeae.
Notes on dispersal and habitat parameters known to
be important in determining the distribution of this
species both in its native European range and in
North America are also discussed.
Methods
In August 2013, specimens of Nitellopsis obtusa were
collected from several inland lakes in the Southern
Peninsula of Michigan as part of a study to document
charophyte diversity and their aquatic vascular plant
associates. Charophytes and vascular macrophytes
were collected either by hand or using a telescopic
fan rake while wading in shallow water along the
shores of public access sites. In deep water areas (i.e.
> 1 m), charophyte sampling was carried out by
tossing and retrieving a weighted, double-headed
bow rake attached to 50 m of multi-filament polypropylene double braid dock line. Collection sites
were geo-referenced with a Trimble® GeoXT™
handheld global positioning system receiver.
Where possible, charophyte and vascular macrophyte samples were identified in situ, using a 20×
Bausch & Lomb Hastings Triplet hand lens. Samples
that required greater magnification for proper identification were sorted by genus, placed in Whirl-Paks®
and transported to the Aquatic Plant Herbarium of
Purdue University Northwest, Westville, Indiana for
further examination. Charophyte identifications are
based on descriptions in Wood (1965), Moore (1986),
and Urbaniak (2003). Taxonomy and nomenclature
of associated aquatic vascular plants (Appendix 1)
follow that of the Flora of North America Editorial
Committee (1993+) for the families: Araceae
(Thompson 2000), Ceratophyllaceae (Les 1997),
Haloragaceae (Scribailo and Alix 2014), Hydrocharitaceae (Haynes 2000a), Najadaceae (Haynes 2000b),
Nymphaeaceae (Wiersema and Hellquist 1997); with
revisions of infrageneric designations within the
genus Nuphar by Padgett (2007), Potamogetonaceae
(Haynes and Hellquist 2000), and Pontederiaceae
(Horn 2002).
Specimens of Nitellopsis obtusa were prepared
and deposited in The Friesner Herbarium (BUT) at
Butler University, Indianapolis, Indiana. Duplicates of
N. obtusa and associated aquatic macrophytes have
been retained at Purdue University Northwest. Images
of each voucher specimen of N. obtusa were captured
with a Nikon D 80 digital camera. Bulbils and axial
nodes were placed in distilled water and photographed

Figure 2. Dense sample of Nitellopsis obtusa collected by retrieving
a weighted, double-headed bow rake from the public access dock
at Upper Jeptha Lake, Van Buren County, MI. Photograph by
M.S. Alix.

using a Nikon SMZ-U microscope fitted with a DSFi2 camera head.
Substrate type, water depth (m), pH, and total
alkalinity (ppm CaCO3) were determined in situ.
Substrate type was based on visual inspection of the
sediments within the population area. Water depth
was measured by lowering a braided polyester line,
weighted on one end and calibrated in 0.1 m increments. Subsurface pH was measured using an IQ
Model 150 multi-parameter meter with a stainless
steel ion-selective field effect transistor (ISFET)
probe. A LaMotte alkalinity test kit (model DR-A)
was used to determine total alkalinity.
Results
Nitellopsis obtusa was collected from seven inland
lakes in Michigan (Figure 1C, Supplementary material
Table S1). These specimens represent the first
documented occurrences of this species from Cass
and Van Buren Counties in the southern portion of
the Lower Peninsula. We emphasize “documented”
because most reports of this species in Michigan are
based on observation rather than voucher specimens.
The population discovered at Donnell Lake, Cass
County is an estimated 145 km west of the nearest
Michigan site reported by Pullman and Crawford
(2010) and approximately 18 km north of the closest
known population in Indiana, in Simonton Lake,
Elkhart County.
The populations of Nitellopsis obtusa reported
herein consist of largely monospecific localized dense
stands near the public access sites (i.e. boat launches)
associated with the lakes.
These sites contain robust individuals typically
anchored in marl or sand, where a single rake cast and
retrieval often resulted in tines completely filled with
thalli (Figure 2). Five of the populations are associated
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Figure 3. Nitellopsis obtusa
collected from Fish Lake, Cass
County, MI (scale = 5 cm).
Photograph by R.W. Scribailo.

with mesotrophic lakes, whereas the remaining two
are found in lakes classified as eutrophic (Table S1).
The beds of N. obtusa are associated with alkaline
surface waters, ranging from 152 to 184 ppm CaCO3
(Table S1), suggesting that these are hard-water
lakes. Measurements of pH vary between 7.8 and 8.4
(Table S1). The most frequently encountered aquatic
vascular plants associated with N. obtusa were
Ceratophyllum demersum (Linnaeus, 1753) and
Najas flexilis (Willdenow) Rostkovius and W. L. E.
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Schmidt, 1824, whereas Chara contraria (A. Braun
ex Kützing, 1845) was the most closely-associated
charophyte.
Individuals of Nitellopsis obtusa have a moderately stout green to greyish thallus comprised of a
central axis up to 1 mm in diameter, several whorls
of branchlets, 4–8 branchlets per node, and branchlets
often having 2–3 segments (Figure 3). Gametangia
were absent from all specimens of N. obtusa, excluding
those collected from Upper Jeptha Lake, which possess
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Figure 4. Morphology of Nitellopsis
obtusa collected from Upper Jeptha
Lake, Van Buren County, MI. A. Thalli
with white arrows indicate antheridia
(scale = 1 cm). B. Stellate bulbil (scale
= 1 mm). C. Axial nodal cells with
germinating shoots (scale = 1 mm).
Photomicrographs by M.S. Alix.

antheridia (Figure 4A). Thus, no individuals with
female reproductive structures (i.e. oogonia) were
observed or collected. Particularly in the absence of
gametangia, several authors (e.g., Wood 1965; Moore
1986; Urbaniak 2003) suggest the most diagnostically
useful character to distinguish N. obtusa from other
charophytes is the presence of white, multicellular,
stellate bulbils on the former species (Figure 4B),
which typically occur as modified whorls of
branchlets at proximal nodes (Figure 4C). In the
absence of bulbils, N. obtusa, which displays the
typical characean growth form (Wood 1965), can
easily be mistaken for members in the genera Chara,
Nitella, and Tolypella. The possibility of misidentification emphasizes the importance of documenting
occurrences with voucher specimens. When bulbils

are absent, N. obtusa can be distinguished from Chara
species by the presence of stipulodes around axial
nodes, which the former species does not produce. In
addition, N. obtusa does not possess spine cells and
the main axis and branchlets are ecorticate, giving
the thallus a smooth appearance when incrustations
of lime are absent. These features are also shared
with all species of Nitella and Tolypella, but unlike
taxa in these genera, N. obtusa does not have divided
branchlets.
Discussion
Great concern currently exists over the invasion of
Nitellopsis obtusa throughout Michigan as well as other
regions of the United States. Excluding records from
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this study, the Midwest Invasive Species Information
Network lists 175 reported sightings of N. obtusa in
Michigan over the last four years (MISIN 2016),
thus this species appears to be spreading across inland
lakes of this state at an alarming rate. A fundamental
question is whether the spread of this species has
been the product of sexual or asexual reproduction.
Pullman and Crawford (2010) suggest that both
modes of reproduction have likely contributed to the
rapid spread of this species by the intra- and interlake dispersal of propagules through activities associated with recreational boating as well as movements
associated with waterfowl, shorebirds, and mammals.
As N. obtusa is a dioecious species (Wood 1965;
Moore 1986; Urbaniak 2003), sexual reproduction
requires the presence of both sexes. Evidence indicates
that all known populations of this species in North
America, including those in the current study, are
either comprised of males (Mann et al. 1999) or of
individuals that have not yet been observed to produce
gametangia. The absence of gametangia or of one
sex is a common phenomenon reported for European
and Japanese populations (Olsen 1944; Luther 1951a;
Willén 1960; Kasaki 1962; Krause 1985, 1997;
Blindow 2009). In some cases, well-studied beds of
this species have not become fertile for decades
(Blindow 2009), with fertility sometimes being associated with the establishment of individuals in
shallow water zones (Krause 1985). Specimens of N.
obtusa from this study were collected from beds at
depths between 30 and 150 cm (Appendix 1), and
samples collected from Upper Jeptha Lake, both sterile
and those that once possessed antheridia, have been
in culture at Purdue University Northwest for nearly
four years without producing any gametangia. Thus,
future monitoring of beds at the Michigan sites for
the production of oogonia is warranted. Although it
is possible that female individuals may be discovered,
it appears that the spread of N. obtusa in North America
has only occurred via the dispersal of vegetative
propagules. This clonal regeneration strategy through
fragmentation and bulbil production has been
responsible for the spread and persistence of other
well-documented populations of charophytes (Bociag
and Rekowska 2012).
It is plausible that waterfowl-mediated zoochory
has aided the spread of Nitellopsis obtusa via dispersal
of vegetative fragments and/or propagules. Southern
Michigan, for example, is located within the
Mississippi Flyway and is associated with several
major corridors for migratory waterfowl (Bellrose
1968). In Chara aspera (Willdenow, 1809) and Chara
hornemannii (Wallman, 1853), two species distantly
related to N. obtusa, 0% germination of bulbils
occurred after the ingestion of bulbil-laced mud by
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domesticated mallards (Proctor 1962) suggesting the
internal transport of propagules (endozoochory) is
not as significant as external transport (epizoochory).
However, no field study has yet assessed the impacts
of environmental conditions, desiccation rate, and
transit/retention time on the viability of vegetative
propagules of N. obtusa, which in turn likely affect
the success of its dispersal. Furthermore, most data,
although anecdotal, indicate that human-mediated
transport by recreational boating is the primary
mechanism responsible for the spread of N. obtusa
(Sleith et al. 2015; Midwood et al. 2016). The beds
of N. obtusa reported herein were largely monospecific, and localized to areas typically < 100 m2
from public boat launches, suggesting recent introductions and dispersal to these lakes by watercraft
and trailers carrying vegetative propagules.
Although Nitellopsis obtusa has invaded many
inland lakes of Michigan, its degree of invasiveness
in these habitats and impacts on ecological conditions
are currently unclear. It has been suggested that N.
obtusa is the most aggressive aquatic macrophyte in
Michigan and displaces native aquatic plants, which
in turn negatively impacts associated fauna (Pullman
and Crawford 2010). However, with the exception of
one study showing N. obtusa impacts on the biomass
and species richness of other macrophytes (Brainard
and Schulz 2017), supporting data are limited and subsequent citations appear to be a case of an “anecdotal
citation chain” (e.g. Adrian-Kalchhauser et al. 2017).
In addition, modelling based on temperature and
precipitation predicts suitable climatic conditions for
the establishment of this species within the Eastern
Temperate Forest, Great Plains, and Intermountain
West ecoregions, as well as marine coastal areas along
the eastern seaboard of the United States (Escobar et
al. 2016). To determine the extent of suitable habitat
for the invasion of N. obtusa within the broader geographical range defined above, fine-scale parameters,
such as pH, alkalinity, conductivity, water clarity, and
salinity, known to be of importance in defining the
ecological niche of aquatic macrophytes, need to be
considered. Nitellopsis obtusa is typically associated
with hard-water lakes of high alkalinity and elevated
bicarbonate concentrations (e.g., Krause 1985; Simons
and Nat 1996; Vestergaard and Sand-Jensen 2000;
Soulié-Märsche et al. 2002; Baastrup-Spohr et al.
2013; Rey-Boissezon and Auderset Joye 2015; Torn
et al. 2015). Within the Eastern Temperate Forest
ecoregion, lakes of the Midwest are highly alkaline
and offer strong invasive potential for the spread of
N. obtusa. However, the Atlantic Coastal Plain,
which is also part of this ecoregion, contains softwater inland lakes (U.S. Geological Survey 2016),
which likely will not provide suitable habitat. The
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beds of N. obtusa discovered during this study are
associated with lakes having moderately alkaline
(Table S1) and moderate to very hard (i.e. 130–220
ppm CaCO3) surface waters (U.S. Geological Survey
2016).
Evaluating the tolerance limits of fine-scale habitat
parameters is a critical step in refining predictive
models and increasing their level of accuracy. For
example, the mean and maximum values of salinity
reported in Escobar et al. (2016) approach those of
seawater and are substantially above values reported
from experimental studies (e.g., Katsuhara and Tazawa
1986; Winter et al. 1999) and natural habitats (e.g.,
Olsen 1944; Luther 1951b; Simons and Nat 1996;
Krause 1997; Doege et al. 2016) for this freshwater
species. An examination of the dataset of Escobar et
al. (2016) indicates that 186 of the 187 localities
with reported salinities approaching seawater are
coastal freshwater habitats within the Netherlands.
Between 2007 and 2015, the two largest lakes in this
region, Ijsselmeer and Markermeer, had salinity values
≤ 0.50 psu (Rijkswaterstaat 2017). The remaining
locality is Cosmeston lake in Wales, which in 2007
when this species was first collected had an annual
mean chloride concentration of 27.2 mg/L, corresponding to a salinity < 0.1 psu (Burgess et al. 2009). It is
unclear why these localities have reported salinity
values approaching seawater unless they were
perceived to be marine habitats because of their
close proximity to the ocean. Use of salinity values
outside the tolerance limits of N. obtusa data leads to
the erroneous prediction that suitable habitat for this
species exists within coastal marine waters of North
America and Eurasia.
Eutrophication is an additional factor which may
impact the establishment of this species in the
United States. Although Nitellopsis obtusa is
predominantly found in oligo- to mesotrophic lakes
in Europe (Krause 1985; Soulié-Märsche et al. 2002),
it can tolerate eutrophic conditions (Kabus and
Wiehle 2012; Korsch 2013). In the current study,
only Fish and Saddle Lakes are classified as eutrophic
(Table S1) while only one of 31 lakes having
confirmed occurrences of N. obtusa from New York
and Indiana is eutrophic (New York State Department
of Environmental Conservation 2015; Indiana
Department of Environmental Management 2016,
Appendix 1). It is currently unknown how the
reduced light climate of eutrophic lakes will affect
the competitive ability of N. obtusa particularly in
southern states where other highly aggressive invasive
species are prevalent. Disturbance associated with
the mechanical and chemical control of invasive
aquatic macrophytes in eutrophic lakes may influence
the outcome of competition by providing additional

colonisable habitat for the establishment of N. obtusa.
Similarly, N. obtusa became abundant in eutrophic
lakes in northern Germany after the activity of
cyprinids uprooted macrophytes, creating colonisable
space (Trapp 1999).
Future studies of the invasive potential of
Nitellopsis obtusa in North America should attempt
to determine those parameters that characterize
habitat most suitable for the establishment of this
species. Aquatic ecologists need to better understand
the life history characteristics of N. obtusa, particularly with regard to longevity and viability of
bulbils, sexuality of populations, and the survival and
growth potential of this species across a range of lake
trophic conditions in order to create, prioritize, and
implement sound management strategies. In addition,
extended quantitative studies of species richness and
abundance, food web dynamics, and water quality
are needed to evaluate the long-term impacts of N.
obtusa on the ecological integrity of North American
lakes in which it has become established.
Acknowledgements
The authors thank Amos Ziegler and Claire Peterson (Michigan
State University) for their assistance in obtaining specimen
information associated with the Midwest Invasive Species
Information Network and Emile Nat (Naturalis Biodiversity
Center, Netherlands) for assistance with information on salinities
of the Ijsselmeer region. We also appreciate constructive comments
provided by the Associate Editor, Editor in Chief, and two
anonymous reviewers on an earlier draft of the manuscript.
Funding for this study was provided by the Hanes Trust of
Michigan and Purdue University North Central, College of Science.

References
Adrian-Kalchhauser I, N’Guyen A, Hirsch PE, Burkhardt-Holm P
(2017) The invasive round goby may attach its eggs to ships or
boats – but there is no evidence. Aquatic Invasions 12: 263–267,
https://doi.org/10.3391/ai.2017.12.2.13

Auderset Joye D, Schwarzer A (2012) Red list Characeae: threatened
species in Switzerland, status 2010. Federal Office for the
Environment (FOEN) and the Laboratory of Ecology and
Aquatic Biology (LEBA), University of Geneva. Environmental
Protection in Practice No 1213, 72 pp
Baastrup-Spohr L, Lønsmann Iversen L, Dahl-Nielsen J, SandJensen K (2013) Seventy years of changes in the abundance of
Danish charophytes. Freshwater Biology 58: 1682–1693,
https://doi.org/10.1111/fwb.12159

Bellrose F (1968) Waterfowl migration corridors east of the Rocky
Mountains in the United States. Illinois Natural History Survey
Biological Notes 61: 1–23
Blindow I (2009) Åtgärdsprogram för hotade kransalger: arter i
kalkrika sjöar 2008–2011 [trådsträfse (Chara filiformis),
spretsträfse (Chara rudis), stjärnslinke (Nitellopsis obtusa).
Rapport 5848. Naturvardsverket, Stockholm, 77 pp. http://www.
naturvardsverket.se/Documents/publikationer/978-91-620-5848-7.pdf?pid
=3448 (accessed 12 March 2017)

Bociag K, Rekowska E (2012) Are stoneworts (Characeae) clonal
plants? Aquatic Botany 100: 25–34, https://doi.org/10.1016/j.aqua
bot.2012.03.007

317

M.S. Alix et al.
Brainard AS, Schulz KL (2017) Impacts on the cryptic macroalgal
invader, Nitellopsis obtusa, on macrophyte communities.
Freshwater Science 36: 55–62, https://doi.org/10.1086/689676
Burgess A, Goldsmith B, Hatton-Ellis T, Hughes M, Shilland E
(2009) CCW Standing Waters SSSI Monitoring 2007-8. CCW
Contract Science Report No. 855. Countryside Council for Wales,
Bangor, UK, 351 pp. https://www.researchgate.net/profile/Tristan_HattonEllis/publication/263294892_CCW_Standing_Waters_SSSI_Monitoring_
2007-08/links/0046353a7f16940a89000000/CCW-Standing-Waters-SSSIMonitoring-2007-08.pdf?origin=publication_detail (accessed 30 May

2017)
Coops H (2002) Ecology of charophytes; an introduction. Aquatic
Botany 72: 205–208, https://doi.org/10.1016/S0304-3770(01)00200-5
Doege A, van de Weyer K, Becker R, Schubert H (2016)
Bioindikation mit Characeen. In: Arbeitsgruppe Characeen
Deutschlands (ed), Armleuchteralgen: Die Characeen Deutschlands. Springer Spektrum, Heidelberg, pp 97–137, https://doi.org/
10.1007/978-3-662-47797-7_8

Escobar LE, Qiao H, Phelps NBD, Wagner CK, Larkin DJ (2016)
Realized niche shift associated with the Eurasian charophyte
Nitellopsis obtusa becoming invasive in North America.
Scientific Reports 6: 1–15, https://doi.org/10.1038/srep29037
Flora of North America Editorial Committee (1993+) Flora of North
America North of Mexico, 19+ vols. Oxford University Press,
Oxford and New York
Fuller LM, Taricska CK (2012) Water-quality characteristics of
Michigan’s inland lakes, 2001–10. U.S. Geological Survey, Reston,
Virginia. U.S. Geological Survey Scientific Investigations Report
2011–5233, 53 pp, https://pubs.usgs.gov/sir/2011/5233/
Garcia A (1990) Contribuciόn al conocimiento de las Characeae de
Lago Pellegrini, provincial de Río Negro, Argentina. Candollea
45(2): 643–651
Geis JW, Schumacher GJ, Raynal DJ, Hyduke NP (1981)
Distribution of Nitellopsis obtusa (Charophyceae, Characeae) in
the St. Lawrence River: a new record for North America.
Phycologia 20: 211–214, https://doi.org/10.2216/i0031-8884-20-2-211.1
Haynes RR (2000a) Hydrocharitaceae. In: Flora of North America
Editorial Committee (eds), Flora of North America North of
Mexico, Vol. 22, Magnoliophyta: Alismatidae, Arecidae,
Commelinidae (In Part), and Zingiberidae. Oxford University
Press, Oxford and New York, pp 26–38
Haynes RR (2000b) Najadaceae. In: Flora of North America
Editorial Committee (eds), Flora of North America North of
Mexico, Vol. 22, Magnoliophyta: Alismatidae, Arecidae,
Commelinidae (In Part), and Zingiberidae. Oxford University
Press, Oxford and New York, pp 77–83
Haynes RR, Hellquist CB (2000) Potamogetonaceae. In: Flora of
North America Editorial Committee (eds), Flora of North
America North of Mexico, Vol. 22, Magnoliophyta: Alismatidae,
Arecidae, Commelinidae (In Part), and Zingiberidae. Oxford
University Press, Oxford and New York, pp 47–74
Horn CN (2002) Pontederiaceae. In: Flora of North America
Editorial Committee (eds), Flora of North America North of
Mexico, Vol. 26, Magnoliophyta: Liliidae: Liliales and Orchidales.
Oxford University Press, Oxford and New York, pp 37–47
Hutchinson GE (1975) A Treatise on Limnology, Vol. 3. John Wiley
and Sons, New York, 660 pp
Indiana Department of Environmental Management (2016) Indiana
Integrated Water Monitoring and Assessment Report. Office of
Water Quality, Indiana Department of Environmental Management, Indianapolis, Indiana, 61 pp. http://www.in.gov/idem/nps/
2639.htm (accessed 23 May 2017)
Japan Ministry of the Environment (2012) The 4th version of the
Japanese Red List of algae. https://www.env.go.jp/press/files/jp/
20558.pdf (accessed 9 September 2016)
Jeppeson E, Söndergaard M, Söndergaard M, Christoffersen, K
(1998) The Structuring Role of Submerged Macrophytes in
Lakes. Ecological Studies, Volume 131. Springer, New York,
423 pp, https://doi.org/10.1007/978-1-4612-0695-8

318

Johansson G, Aronsson M, Bengtsson R, Carlson L, Kahlert M,
Kautsky L, Kyrkander T, Wallentinus I, Willén E (2010) Algae:
Nostocophyceae, Phaeophyceae, Rhodophyta, and Chlorophyta.
In: Gärdenfors U (ed), The 2010 Red List of Swedish Species.
ArtDatabanken, SLU, Uppsala, pp 223–230
Kabus T, Wiehle I (2012) Die Armleuchteralgen (Characeae) in
ausgewählten Seen des Naturparks Stechlin-Ruppiner Land
(Brandenburg, Deutschland). Ergebnisse der Untersuchungen
außerhalb von FFH- und Naturschutzgebieten. Rostocker
Meeresbiologische Beiträge 24: 63–74
Kasaki H (1962) On the distribution of Nitellopsis obtusa
(Charophyta). Acta Phytotaxonomica et Geobotanica 20(1):
285–289
Kato S, Kawai H, Takimoto M, Suga H, Yohda K, Horiya K,
Higuchi D, Sakayama H (2014) Occurrence of the endangered
species Nitellopsis obtusa (Charales, Charophyceae) in western
Japan and the genetic differences within and among Japanese
populations. Phycological Research 62: 222–227, https://doi.org/
10.1111/pre.12057

Katsuhara M, Tazawa M (1986) Salt tolerance in Nitellopsis obtusa.
Protoplasma 135: 155–161, https://doi.org/10.1007/BF01277008
Koistinen M (2010) Stoneworts. Characeae. In: Rassi P, Hyvärinen
E, Juslén A, Mannerkoski I (eds), The 2010 Red List of Finnish
Species. Ministry of the Environment, Finnish Environment
Institute, Helsinki, pp 204–207
Korsch H (2013) Die Armleuchteralgen (Charophyceae) SachsenAnhalts. Heft 1. Berichte des Landesamtes für Umweltschutz
Sachsen-Anhalt, Halle, 85 pp
Krause W (1985) Über dir Standortsansprüche und das Ausbreitungsverhalten der Stern-Armleuchteralge Nitellopsis obtusa
(Desvaux) J. Groves. Carolinea 42: 31–42
Krause W (1997) Charales (Charophyceae). In: Ettle H, Gärtner,
Heynig H, Mollenhauer D (eds), Süßwasserflora von
Mitteleuropa, Band 18. Gustav Fischer, Jena, Stuttgart, Lubeck,
Ulm, pp 1–202
Les DH (1997) Ceratophyllaceae. In: Flora of North America
Editorial Committee (eds), Flora of North America North of
Mexico, Vol. 3, Magnoliophyta: Magnoliidae and Hamamelidae.
Oxford University Press, Oxford and New York, pp 81–84
Luther H (1951a) Verbreitung und Ökologie der höheren
Wasserpflanzen im Brackwasser der Ekenäs-Gegend in
Südfinnland. II. Spezieller Teil. Acta Botanica Fennica 50: 1–370
Luther H (1951b) Verbreitung und Ökologie der höheren
Wasserpflanzen im Brackwasser der Ekenäs-Gegand in Südfinnland. I. Allgemeiner Teil. Acta Botanica Fennica 49: 1–231
Mann H, Proctor VW, Taylor AS (1999) Towards a biogeography of
North American charophytes. Australian Journal of Botany 47:
445–458, https://doi.org/10.1071/BT97087
Martin G, Torn K, Blindow I, Schubert H, Munsterhjelm R,
Henricson C (2004) Introduction to Charophytes. In: Schubert
H, Blindow I (eds), Charophytes of the Baltic Sea. Gantner
Verlag, Ruggell, pp 3–14
McCourt RM, Karol KG, Guerlesquin M, Feist M (1996) Phylogeny
of extant genera in the family Characeae (Charales, Charophyceae) based on rbcL sequences and morphology. American
Journal of Botany 83: 125–131, https://doi.org/10.2307/2445965
Midwood JD, Darwin A, Ho Z, Rokitnicki-Wojcik D, Grabas G
(2016) Environmental factors associated with the distribution of
non-native starry stonewort (Nitellopsis obtusa) in a Lake Ontario
coastal wetland. Journal of Great Lakes Research 42: 348–355,
https://doi.org/10.1016/j.jglr.2016.01.005

MISIN (2016) Midwest Invasive Species Information Network
(MISIN). http://www.misin.msu.edu/browse (accessed 7 Sept. 2016)
Moore JA (1986) Charophytes of Great Britain and Ireland.
Botanical Society of the British Isles, London, 140 pp
Naz S, Diba NJ, Zaman M (2010) Nitellopsis obtusa (Desv.) J.
Groves: A new charophytic record for Bangladesh. Bangladesh
Journal of Plant Taxonomy 17: 203–207, https://doi.org/10.3329/
bjpt.v17i2.6701

New records and notes of Nitellopsis obtusa from Michigan, USA
New York State Department of Environmental Conservation (2015)
Cayuga County Water Report on Duck Lake, 2015. Citizens
Statewide Lake Assessment Program, New York State
Department of Environmental Conservation, Albany, NY, 25 pp.
http://www.dec.ny.gov/docs/water_pdf/cslrpt15duckl.pdf (accessed 14
May 2017)
Olsen S (1944) Danish Charophyta. Chorological, ecological and
biological investigations. Det Kongelige Danske Videnskabernes
Selskab, Biologiske Skrifter 3(1): 1–240
Padgett DJ (2007) A monograph of Nuphar (Nymphaeaceae).
Rhodora 109: 1–95, https://doi.org/10.3119/0035-4902(2007)109[1:AM
ONN]2.0.CO;2

Pennsylvania Sea Grant (2016) Fact Sheet – Starry Stonewort
(Nitellopsis obtusa). http://www.seagrant.psu.edu/sites/default/files/
Starry%20Stonewort_2016.pdf (accessed 20 October 2016)
Proctor VW (1962) Viability of Chara oospores taken from migratory
water birds. Ecology 43: 528–529, https://doi.org/10.2307/1933381
Proctor VW, Donterberg CC, Hotchkiss AT, Imahori K (1967)
Conspecificity of some charophytes. Journal of Phycology 3:
208–211, https://doi.org/10.1111/j.1529-8817.1967.tb04658.x
Pullman GD, Crawford G (2010) A decade of starry stonewort in
Michigan. Lakeline 30(2): 36–42
Rey-Boissezon A, Auderset Joy D (2015) Habitat requirements of
charophytes-evidence of species discrimination through
distribution analysis. Aquatic Botany 120: 84–91, https://doi.org/
10.1016/j.aquabot.2014.05.007

Rijkswaterstaat (2017) Waterbase – Online Interface to the Donar
Database (data opslag natte rijkswaterstaat). http://www.waterbase.nl
(accessed 31 May 2017)
Schloesser DW, Hudson PL, Nichols SJ (1986) Distribution and
habitat of Nitellopsis obtusa (Characeae) in the Laurentian Great
Lakes. Hydrobiologia 133: 91–96, https://doi.org/10.1007/BF000
10806

Scribailo RW, Alix MS (2014) Haloragaceae. In: Flora of North
America Editorial Committee (eds), Flora of North America
North of Mexico, Provisional Publication, 28 May 2014, 23 pp,
http://floranorthamerica.org/files/Haloragaceae.provisional.Gal_.pdf

(accessed 24 August 2014)
Simons J, Nat E (1996) Past and present distribution of stoneworts
(Characeae) in The Netherlands. Hydrobiologia 340: 127–135,
https://doi.org/10.1007/BF00012744

Sleith RS, Havens AJ, Stewart RA, Karol KG (2015) Distribution of
Nitellopsis obtusa in New York State. Brittonia 67: 166–172,
https://doi.org/10.1007/s12228-015-9372-6

Soulié-Märsche I, Benammi M, Gemayel P (2002) Biogeography of
living and fossil Nitellopsis (Charophyta) in relationship to new
finds from Morocco. Journal of Biogeography 29: 1703–1711,
https://doi.org/10.1046/j.1365-2699.2002.00749.x

Stewart NF (2004) Important stonewort areas: an assessment of the
best areas for stoneworts in the United Kingdom (summary).
Plant life International, Salisbury, UK, 15 pp
Thompson SA (2000) Araceae. In: Flora of North America Editorial
Committee (eds), Flora of North America North of Mexico, Vol.
22, Magnoliophyta: Alismatidae, Arecidae, Commelinidae (In
Part), and Zingiberidae. Oxford University Press, Oxford and
New York, pp 128–142
Tindall DR, Sawa T, Hotchkiss AT (1965) Nitellopsis bulbillifera in
North America. Journal of Phycology 1: 147–150, https://doi.org/
10.1111/j.1529-8817.1965.tb04574.x

Torn K, Kovtun-Kante A, Herkül K, Martin G (2015) Distribution
and predictive occurrence model of charophytes in Estonian
waters. Aquatic Botany 120: 142–149, https://doi.org/10.1016/
j.aquabot.2014.05.005

Trapp S (1999) Charophytes in man-made lakes in Bremen,
Germany. Nieuwsbrief Kranswieren 3: 3–6
Urbaniak J (2003) Nitellopsis obtusa (Desv. In Loisel) J. Groves
1919. In: Schubert H, Blindow I (eds), Charophytes of the Baltic
Sea. The Baltic Marine Biologists Publication, No. 19. A.R.G.
Ganter Verlag Kommanditgesellschaft, Kӧnigstein, pp 216‒222
U.S. Geological Survey (2016) National Water Information System
Data available on the World Wide Web (USGS Water Data for
the Nation). https://waterdata.usgs.gov/nwis (accessed 24 May 2017)
Van den Berg MS, Scheffer M, Coops H, Simons J (1998) The role
of characean algae in the management of eutrophic shallow
lakes. Journal of Phycology 34: 750–756, https://doi.org/10.1046/j.
1529-8817.1998.340750.x

Vestergaard O, Sand-Jensen K (2000) Alkalinity and trophic state
regulate aquatic plant distribution in Danish lakes. Aquatic
Botany 67: 85–107, https://doi.org/10.1016/S0304-3770(00)00086-3
Wiersema JH, Hellquist, CB (1997) Nymphaeaceae. In: Flora of
North America Editorial Committee (eds), Flora of North
America North of Mexico, Vol. 3, Magnoliophyta: Magnoliidae
and Hamamelidae. Oxford University Press, Oxford and New
York, pp 66–77
Willén T (1960) The charophyte Nitellopsis obtusa (Desv.) Groves
found fertile in central Sweden. Svensk Botanisk Tidskrift 54(2):
360–367
Winter U, Kirst GO, Grabowski V, Heinemann U, Plettner I, Wiese
S (1999) Salinity tolerance in Nitellopsis obtusa. Australian
Journal of Botany 47: 337–346, https://doi.org/10.1071/BT97091
Wood RD (1965) Monograph of the Characeae. In: Wood RD,
Imahori K (eds), A revision of the Characeae, Vol. 1. Verlag von
J. Cramer, Weinheim, pp 1–904
Zaneveld (1940) The Charophyta of Malaysia and adjacent countries.
Blumea 4(1): 1–223

Supplementary material
The following supplementary material is available for this article:
Table S1. Summary of pH, alkalinity, and trophic state of lakes with Nitellopsis obtusa.
Appendix 1. Voucher specimen information.
This material is available as part of online article from:
http://www.reabic.net/journals/bir/2017/Supplements/BIR_2017_Alix_etal_Table_S1.xlsx
http://www.reabic.net/journals/bir/2017/Supplements/BIR_2017_Alix_etal_Appendix_1.pdf

319

