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1 Native Range and Status in the United States

Native Range
From Sturtevant et al. (2012):

“Unknown. This species is widespread. It occurs around the world in inland and/or coastal
waters of Latin America and the Caribbean, Asia, Europe, Australia, the U.S.A., Mexico, and
various islands in the Pacific Ocean (Kowalski 1975, Trono 1975, Webber 1975, Riouall 1976,
Sivalingam 1977, Morton 1978, Vaughan 1978, Bird and Mclntosh 1979, Lobel and Ogden
1981, Kies and Dworsky 1982, Rodriguez de Rios and Lobo 1984, Grant and Prasad 1985,
Guner et al. 1985, Ho 1987, Hadi et al. 1989, Khotimchenko 1993, Beach et al. 1995, Martinez-
Murillo and Aladro-Lubel 1996, Magnusson 1997, Schories et al. 1997, Fernandez et al. 1998,
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Woolcott and King 1999, Hodgson and McDermid 2000, Tabudravu et al. 2002, Matik-Skoko et
al. 2004, Lourenco et al. 2006, Sahoo et al. 2006).

Ulva flexuosa is considered a cosmopolitan species that has a worldwide distribution (Lougheed
and Stevenson 2004).”

From Mares et al. (2011):

“Most importantly, we were able to identify all studied populations from European inland waters
as U. flexuosa. This result was strongly supported by both morphological and molecular
approaches. We consequently could confirm previous observations exclusively based on
morphology by Weern (1952), Bliding (1963), Marvan et al. (1997), Lederer et al. (1998),
Sitkowska (1999), Skacelova (2004), Messyasz and Rybak (2009), and Kastovsky et al. (2010),
who reported U. flexuosa from the Czech Republic, Poland, and Sweden. For comparison, we
sampled some of the important localities noted by these authors, for example, the river Saxan in
Sweden, where Bliding collected original material for his monograph, or the classical Czech site
in the Soos salt marsh, from which Ulva has been reported since the 19th century (Hansgirg
1892, Brabez 1941). Further evidence was gained by the examination of herbarium specimens.
Historical collections from the Czech Republic, Hungary, and Romania starting in the 1930s
(originally classified as U. intestinalis) demonstrably belonged to the same taxon as our recent
samples, which was proved by analysis of both morphological and molecular data. Using rbcL
sequencing, [...]”

“Based on our results, U. flexuosa should not be considered as alien or invasive in inland
European waters. There is now convincing evidence that the species has occurred in this area at
least since collection of the type specimen of U. flexuosa subsp. pilifera (Kutzing 1856). Our
observations of eight historic specimens (two from Hungary, one from Romania, and five from
the Czech Republic) indicate that many previous reports of freshwater U. intestinalis should be
regarded as U. flexuosa in a modern systematic view, as was already proposed by Warn (1952),
Bliding (1963), and Kastovsky et al. (2010). As our data set is limited, we cannot exclude the
possible occurrence of other taxa, but we believe that U. flexuosa is most likely the prevailing
species of Ulva in European freshwaters.”

Status in the United States
From Sturtevant et al. (2012):

“Ulva flexuosa was recorded for the first time in 2003 in Muskegon Lake, Michigan, where the
Muskegon River empties into Lake Michigan. Within the same drainage, it has also been
recorded from White Lake and Mona Lake (Lougheed 2005, Lougheed and Stevenson 2004).”

“The Great Lakes range of U. flexuosa is currently limited to Muskegon, Mona and White Lake.
However, as it is able to form blooms in Muskegon Lake—which has a lower conductivity than
Lake Erie—there is potential for it to thrive in other locations in the Great Lakes (Lougheed and
Stevenson 2004).”

“Established where recorded.”



Means of Introductions in the United States
From Sturtevant et al. (2012):

“Ulva flexuosa was very likely transported to the Great Lakes basin in ballast water or on ship
hulls (Lougheed and Stevenson 2004).”

Remarks

Various sources list Ulva flexuosa (e.g., Guiry in World Register of Marine Species) or
Enteromorpha flexuosa (e.g., ITIS) as the senior synonym. Ulva and Enteromorpha have been
treated as separate genera in the past, however, genetic analysis suggests that they are congeneric
and as Ulva was the first name used in the literature, Enteromorpha should be reduced to a
synonym status (Shimada et al. 2003). Taxonomy at the Family level and above is the same for
both genera. This ERSS follows current scientific understanding that Ulva flexuosa is the valid
name for this species and Enteromorpha flexuosa is a synonym. Information searches were
conducted using both names. There are multiple subspecies known, the specific number of which
depends on the source being referenced (e.g., 5 subspecies given by Guiry (2015), 2 subspecies
given in ITIS, 4 subspecies and 4 varieties in GBIF Secretariat (2019)).

2 Biology and Ecology

Taxonomic Hierarchy and Taxonomic Standing
From Guiry (2015):

“Ulva flexuosa Wulfen, 1803”

“Classification: Biota > Plantae (Kingdom) > Viridaeplantae (Subkingdom) > Chlorophyta
(Phylum) > Ulvophyceae (Class) > Ulvales (Order) > Ulvaceae (Family) > Ulva (Genus) > Ulva
flexuosa (Species)”

“Status accepted”

“Synonymised names [...] Enteromorpha flexuosa (Wulfen) J.Agardh, 1883

Size, Weight, and Age Range
From Sturtevant et al. (2012):

“Size: <30 cm long and 0.5-1.0 cm in diameter (Sahoo et al. 2003)”
From Hill (2001):

“E. flexuosa grows to 20 cm but generally tends to be smaller.”



Environment
From Sturtevant et al. (2012):

“Ulva flexuosa is primarily a marine species but can tolerate freshwater conditions and is
considered euryhaline. It is fast growing and prefers littoral zones with some wave action. In the
Lake Michigan watershed, it occurs in mesotrophic to eutrophic aquatic habitats. Its
establishment could have been spurred by increased salt concentrations from industrial sources
and de-icing salts since the 1850s, as well as a lack of native grazing pressure.”

“Ulva flexuosa is known from diverse habitats around the world and has been recorded in
salinities ranging from 0.5-34%,.”

From Hill (2001):

“Optimum reproduction temperature is under 30° C (Mairh, Pandey and Tewari 1986) in waters
with a pH of approximately 8.2.”

From Mares et al. (2011):

“Our chemical analyses from several sampling localities indicate that U. flexuosa prefers
environments with a higher content of dissolved ions (especially chloride and sulfate) than
normally present in average freshwater (Wetzel 2001).”

Climate/Range
From Hill (2001):

“Growth of this species in outdoor ponds in India (Mairh, Pandey and Tewari 1986) showed that
E. flexuosa was able to sustain growth in water temperatures as high as 30° C. Favorable growth
was maintained at temperatures ranging from 15.5 - 30° C.

At 33° C, bleaching of a few branches begins to occur, and above this temperature, adverse
effects on growth increase as more and more branches become bleached.”

Distribution Outside the United States

Native
From Sturtevant et al. (2012):

“Unknown. This species is widespread. It occurs around the world in inland and/or coastal
waters of Latin America and the Caribbean, Asia, Europe, Australia, the U.S.A., Mexico, and
various islands in the Pacific Ocean (Kowalski 1975, Trono 1975, Webber 1975, Riouall 1976,
Sivalingam 1977, Morton 1978, Vaughan 1978, Bird and Mclntosh 1979, Lobel and Ogden
1981, Kies and Dworsky 1982, Rodriguez de Rios and Lobo 1984, Grant and Prasad 1985,
Guner et al. 1985, Ho 1987, Hadi et al. 1989, Khotimchenko 1993, Beach et al. 1995, Martinez-
Murillo and Aladro-Lubel 1996, Magnusson 1997, Schories et al. 1997, Fernandez et al. 1998,



Woolcott and King 1999, Hodgson and McDermid 2000, Tabudravu et al. 2002, Matik-Skoko et
al. 2004, Lourenco et al. 2006, Sahoo et al. 2006).

Ulva flexuosa is considered a cosmopolitan species that has a worldwide distribution (Lougheed
and Stevenson 2004).”

From Mares et al. (2011):

“Most importantly, we were able to identify all studied populations from European inland waters
as U. flexuosa. This result was strongly supported by both morphological and molecular
approaches. We consequently could confirm previous observations exclusively based on
morphology by Weern (1952), Bliding (1963), Marvan et al. (1997), Lederer et al. (1998),
Sitkowska (1999), Skacelova (2004), Messyasz and Rybak (2009), and Kastovsky et al. (2010),
who reported U. flexuosa from the Czech Republic, Poland, and Sweden. For comparison, we
sampled some of the important localities noted by these authors, for example, the river Saxan in
Sweden, where Bliding collected original material for his monograph, or the classical Czech site
in the Soos salt marsh, from which Ulva has been reported since the 19th century (Hansgirg
1892, Brabez 1941). Further evidence was gained by the examination of herbarium specimens.
Historical collections from the Czech Republic, Hungary, and Romania starting in the 1930s
(originally classified as U. intestinalis) demonstrably belonged to the same taxon as our recent
samples, which was proved by analysis of both morphological and molecular data. Using rbcL
sequencing, [...]”

“Based on our results, U. flexuosa should not be considered as alien or invasive in inland
European waters. There is now convincing evidence that the species has occurred in this area at
least since collection of the type specimen of U. flexuosa subsp. pilifera (Kutzing 1856). Our
observations of eight historic specimens (two from Hungary, one from Romania, and five from
the Czech Republic) indicate that many previous reports of freshwater U. intestinalis should be
regarded as U. flexuosa in a modern systematic view, as was already proposed by Warn (1952),
Bliding (1963), and Kastovsky et al. (2010). As our data set is limited, we cannot exclude the
possible occurrence of other taxa, but we believe that U. flexuosa is most likely the prevailing
species of Ulva in European freshwaters.”

Introduced

The native, and therefore also the invasive, range of Ulva flexuosa is uncertain (Sturtevant et al.
2012).

From Heesch et al. (2009):
“Based on the criteria used in this study, we have concluded that of the 19 species of Ulva, at
least four are probable introductions [to New Zealand] (U. armoricana, U. californica,

U. flexuosa and U. lactuca).”

Kirkendale et al. (2013) lists Ulva flexuosa as possibly introduced to Australia based on a lack of
genetic diversity in the samples collected from Australia.



Means of Introduction Outside the United States
Information on the specific means of introduction for Ulva flexuosa outside the United States
could not be found.

From Hill (2001):

“The ecological success of E. flexuosa and other pioneering species is in part attributed to the
readily available pool of motile unicells that are able to rapidly colonize new areas. The chance
for successful settlement of these cells is greatly enhanced because gametes and zoospores of this
species remain viable for 10 or more days due to their ability to photosynthesize, often achieving
photosynthetic rates approaching those of the adult thalli (Beach et al. 1989).”

Short Description
From Sturtevant et al. (2012):

“Ulva flexuosa has a smooth, tubular thallus that is linear and uniform in width, with numerous
branches in the lower third. It can have one to several fronds. Ulva flexuosa ranges from
translucent dark to light green, with chloroplasts taking up part to most of the outer region of its
cells. It has a very small rhizoidal region (Woolcott and King 1999). In general, its subspecies
are differentiated by their degree of branching: U. flexuosa subsp. flexuosa tends to be
unbranched, while Ulva flexuosa subsp. paradoxa has branched filaments and is typically more
slender (Sahoo et al. 2003). Additional characteristics are summarized below.

Ulva flexuosa subsp. flexuosa is yellow-green with tubular fronds, cylindrical stalks, and a blade
expanding above the stalk which ends in a rounded tip. It is attached to the substrate by a small,
round basal disc (Sahoo et al. 2003). Ulva flexuosa subsp. flexuosa has sparse branching, one to
two pyrenoids (for carbon dioxide fixation), and quadrangular or rectangular cells arranged in
approximately regular rows (Mares et al. 2011).

Ulva flexuosa subsp. paradoxa has an intensely branched stalk with rectangular cells arranged in
long rows. These rows are somewhat unordered in the central parts of broader thalli, thinning to
a single row of cells at the ends of branchlets (Mares et al. 2011).”

Biology
From Sturtevant et al. (2012):

“To reproduce, dioecious gametophytes produce male and female gametes that have two
flagellae, while sporophytes produce zoospores with four flagellae (Koeman and van den Hoek
1984). Zoospores can be stored in the dark for over 50 days and still germinate with a 35%
survival rate, suggesting that transport in ballast water is possible (Beach et al. 1995, Kolwalkar
et al. 2007). Swarmers may be released with increasing exposure at night and greater desiccation,
whereas vegetative growth may typically occur with shorter exposure times (Mairh et al. 1985).”

“In Muskegon Lake [Michigan], the two subspecies co-occur in littoral zone macrophyte beds,
although U. flexuosa subsp. paradoxa has been recorded to comprise 61% of the macroalgae



present by biovolume and U. flexuosa subsp. flexuosa only 31%. In White Lake [Michigan],
Ulva sp. has been known to comprise 5% of the macroalgae present, and in Mona Lake
[Michigan], 20% (Lougheed and Stevenson 2004).”

“It has been recorded in tidal pools, on mudflats, in sea dikes, in polyhaline man-made waters, in
oligohaline ponds, in drainage ditches, on rocks, and in warm calm waters below low tide
(Kapraun 1970, Koeman and van den Hoek 1984, Hadi et al. 1989, Sahoo et al. 2003).”

From Hill (2001):

“E. flexuosa is highly fecund (Beach et al. 1989), with propagule release via both mitotic spores
and meiotic gametes occurring on a daily basis in the lower latitudes. Release of reproductive
cells (spores and gametes) into the intertidal zone is driven by tidal and lunar rhythms (Smith
1947, Christie and Evans 1962, Beach et al. 1995). Spores and gametes of this species are
photosynthetically competent upon release into the water column, with unicells remaining motile
for up to 11 days. Both gametes and zoospores have higher cellular respiration rates when
compared to parental tissues, presumably due to their motility. Additionally, the photosynthetic
rate for gametes and zoospores of E. flexuosa and several other pioneering species is
substantially higher than photosynthetic rates observed in the reproductive cells of later
successional genera such as the kelps (Phaeophyta). Thus, motility coupled with photosynthetic
ability increase the ecological success in settlement and recruitment of this species.”

Human Uses
From Hill (2001):

“E. flexuosa has some commercial importance due to its antibacterial activity against
Mycobacterium tuberculosis (Mairh, Pandey and Tewari 1986). This algal species has also been
investigated for its potential value as a bioindicator of trace metal pollution in coastal waters
(Sivalingam 1978).”

From Sturtevant et al. (2012):

“Ulva flexuosa is used as a bioindicator for metal contamination, including lead and iron (Ho
1987, Tabudravu et al. 2002). Ulva flexuosa was also found to be an economically efficient
species for bioabsorption in industrial settings. It could be used as an eco-friendly alternative for
wastewater treatment in dye manufacturing, tannery, textile, and cosmetic industries (Silvasamy
etal. 2012).”

Diseases
Information on potential diseases of Ulva flexuosa was not found.



Threat to Humans
From Sturtevant et al. (2012):

“Ulva flexuosa is known to foul a variety of permanent man-made structures and boats. This can
lead to expensive repairs of fouled boat motors. There are even reports of it growing on boats
treated with antifouling paint (Kolwalker et al. 2007, Lougheed and Stevenson 2004).”

3 Impacts of Introductions

Ulva flexuosa was unknown within the Great Lakes basin before it was discovered in 2003
(Sturtevant et al. 2012). It is therefore considered to be introduced to the basin.

From Lougheed and Stevenson (2004):

“In addition, Enteromorpha [Ulva flexuosa] appears to be a poor host for epiphytic algal growth
[...]. Epiphytic diatom densities were significantly lower [...] on both subspecies of
Enteromorpha [U. flexuosa] (3.5 + 1.5 and 1.9 + 1.0 cells mm?) than on Cladophora (1,286 +
319 cells mm2) and Oedogonium (677 * 280 cells mm-2). Epiphytic diatom growth on Zygnema
and Spirogyra was close to zero, and was not significantly difference from that observed on
Enteromorpha [U. flexuosa]. These results concur with those of Lowe et al. (1982) who found
that epiphyte density on Cladophora (1,320 cell mm2) was 1,000-fold higher than on the
mucilaginous-coated cell walls of the exotic alga Bangia atropurpurea. This is a concern in
systems where Enteromorpha [U. flexuosa] is dominant and epiphytic diatoms may be important
components of the food web.”

Other reports of impacts from blooms of Ulva flexuosa were from areas that may comprise the
native range of the species and so were not included here.



4 Global Distribution
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Figure 1. Known global distribution of Ulva flexuosa. Map from GBIF Secretariat (2019).
Because the climate matching analysis (section 6) is not valid for marine waters, no marine
occurrences were used in the climate matching analysis.

Additional observations from Czech Republic, Finland, Germany, Hungary, Italy, Norway,
Poland, Romania, Scotland, Slovakia, and Sweden are given in Mares et al. (2011).

5 Distribution Within the United States
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Figure 2. Known distribution of Ulva flexuosa in the United States. MapfromBISON(ZOlg)
Because the climate matching analysis (section 6) is not valid for marine waters, no marine
occurrences were used in the climate matching analysis.
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Figure 3. Known distribution of Ulva flexuosa in Hawaii. Map from BISON (2019). Because the
climate matching analysis (section 6) is not valid for marine waters, no marine occurrences were
used in the climate matching analysis.

Lo}

UNITED

Basis of Record:
STATES

o
m
Centroid Type: Q
© Known Centroid e
Specimen <
® unknown
# o
e e
=il i

Figure 4. Additional known distribution of Ulva flexuosa (listed under the synonym
Enteromorpha flexuosa) in the United States. Map from BISON (2019). Because the climate
matching analysis (section 6) is not valid for marine waters, no marine occurrences were used in
the climate matching analysis.
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Figure 5. Additional known distribution of Ulva flexuosa (listed under the synonym
Enteromorpha flexuosa) in Hawaii. Map from BISON (2019). Because the climate matching
analysis (section 6) is not valid for marine waters, no marine occurrences were used in the
climate matching analysis.
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Figure 6. Known distribution of Ulva flexuosa (listed under the synonym Enter
flexuosa) in the Northern Mariana Islands. Map from BISON (2019). Because the climate

matching analysis (section 6) is not valid for marine waters, no marine occurrences were used in
the climate matching analysis.
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Figure 7. Known distribution of Ulva flexuosa in the Great Lakes Basin. Map from Sturtevant et
al. (2012).

6 Climate Matching

Summary of Climate Matching Analysis

The climate match for Ulva flexuosa was high along the Atlantic, Pacific, and Gulf coasts, where
the species thought to be native, and in the Great Lakes region, where U. flexuosa is introduced.
There were patches of high match inland in the west, where the species is not known to be
present. The climate match was medium for the rest of the contiguous United States, except in
scattered locations throughout the west and in a portion of the Plains States bordering Canada,
where the match was low. The Climate 6 score (Sanders et al. 2018; 16 climate variables;
Euclidean distance) for the contiguous United States was 0.756, high. (Scores of 0.103 or greater
are classified as high.) All States had high individual Climate 6 scores except North Dakota and
South Dakota, which had medium scores.
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Figure 8. RAMP (Sanders et al. 2018) source map showing weather stations selected as source
locations (red) and non-source locations (gray) for Ulva flexuosa climate matching. Source
locations from Mares et al. (2011), Sturtevant et al. (2012), BISON (2019) and GBIF Secretariat
(2019). Selected source locations are within 100 km of one or more species occurrences, and do
not necessarily represent the locations of occurrences themselves. Because the climate matching
analysis (section 6) is not valid for marine waters, no marine occurrences were used in the
climate matching analysis. Points that look to be in marine locations were verified to be located
on islands.
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Figure 9. Map of RAMP (Sanders et al. 2018) climate matches for Ulva flexuosa in the
contiguous United States based on source locations reported by Mares et al. (2011), Sturtevant et
al. (2012), BISON (2019), and GBIF Secretariat (2019). 0 = Lowest match, 10 = Highest match.

The High, Medium, and Low Climate match Categories are based on the following table:

Climate 6: Proportion of Climate Match
(Sum of Climate Scores 6-10) / (Sum of total Climate Scores) | Category
0.000<X<0.005 Low
0.005<X<0.103 Medium
>0.103 High

7 Certainty of Assessment

The certainty of assessment is high. Ulva flexuosa is globally distributed. A potentially long
history of invasiveness is the reason for the cryptogenic classification of this organism. A record
of known introduction and establishment was found with documentation of a negative impact
from peer-review literature. There is sufficient information on U. flexuosa to satisfy the elements

of this assessment.
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8 Risk Assessment

Summary of Risk to the Contiguous United States

Ulva flexuosa is a cryptogenic aquatic macroalgae that is globally distributed. U. flexuosa
primarily a marine and coastal species but it is tolerant to freshwater conditions and a variety of
climates. It has uses as a bioindicator of contamination, antibacterial materials, and
bioremediation. The history of invasiveness is high. It has been reported in Lake Michigan
starting in 2003, with no previous records in the Great Lakes basin, with negative impacts to
abundance of epiphytic diatoms. The climate match with the contiguous United States is high.
The climate match was high in coastal areas where this species is possibly native and in the
Great Lakes basin where it has been introduced. It was also high in parts of the west that do not
have any reports of this species’ presence. The certainty of assessment is high. The overall risk
assessment category is high.

Assessment Elements
e History of Invasiveness (Sec. 3): High
e Climate Match (Sec. 6): High
e Certainty of Assessment (Sec. 7): High
e Remarks/Important additional information Referred to in the literature frequently as
the synonym Enteromorpha flexuosa. There are many subspecies and varieties.
e Overall Risk Assessment Category: High

9 References

Note: The following references were accessed for this ERSS. References cited within quoted
text but not accessed are included below in Section 10.

BISON. 2019. Biodiversity Information Serving Our Nation (BISON). United States Geological
Survey. Available: https://bison.usgs.gov. (December 2019).

GBIF Secretariat. 2019. GBIF backbone taxonomy: Ulva flexuosa Wulfen. Global Biodiversity
Information Facility, Copenhagen. Available: https://www.gbif.org/species/5273507.
(December 2019).

Guiry, M. D. 2015. Ulva flexuosa. In World Register of Marine Species. Available:
http://www.marinespecies.org/aphia.php?p=taxdetails&id=234468. (March 2017).

Heesch, S., J. E. S. Broom, K. F. Neill, T. J. Farr, J. L. Dalen, and W. A. Nelson. 2009. Ulva,
Umbraulva and Gemina: genetic survey of New Zealand taxa reveals diversity and
introduced species. European Journal of Phycology 44(2):143-154.

Hill, K. 2001. Enteromorpha flexuosa. Smithsonian Marine Station at Fort Pierce. Available:
http://www.sms.si.edu/irlspec/Entero_flexuo.htm. (March 2016).

15



ITIS (Integrated Taxonomic Information System). 2014. Enteromorpha flexuosa. Integrated
Taxonomic Information System, Reston, Virginia. Available:
https://www.itis.gov/servlet/SingleRpt/SingleRpt?search_topic=TSN&search_value=654
4#null. (February 2014).

Kirkendale, L., G. W. Saunders, and P. Winberg. 2013. A molecular survey of Ulva
(Chlorophyta) in temperate Australia reveals enhanced levels of cosmopolitanism.
Journal of Phycology 49:69-81.

Lougheed, V. L., and R. J. Stevenson. 2004. Exotic marine macroalgae (Enteromorpha flexuosa)
reaches bloom proportions in a coastal lake of Lake Michigan. Journal of Great Lakes
Research 30(4):538-544.

Mares, J., E. Leskinen, M. Sitkowska, O. Skéacelova, and J. Blomster. 2011. True identity of the
European freshwater Ulva (Chlorophyta, Ulvophyceae) revealed by a combined
molecular and morphological approach. Journal of Phycology 47:1177-1192.

Sanders, S., C. Castiglione, and M. Hoff. 2018. Risk assessment mapping program: RAMP,
version 3.1. U.S. Fish and Wildlife Service.

Shimada, S., M. Hiraoka, S. Nabata, M. lima, and M. Masuda. 2003. Molecular phylogenetic
analyses of the Japanese Ulva and Enteromorpha (Ulvales, Ulvophyceae), with special
reference to the free-floating Ulva. Phycological Research 51:99-108.

Sturtevant, R. A., M. M. McCarthy, and A. Fusaro. 2012. Ulva (Enteromorpha) flexuosa subsp.
flexuosa and flexuosa subsp. paradoxa. U.S. Geological Survey, Nonindigenous Aquatic
Species Database, Gainesville, Florida, and NOAA Great Lakes Aquatic Nonindigenous
Species Information System, Ann Arbor, Michigan. Available:
http://nas.er.usgs.gov/queries/GreatLakes/FactSheet.aspx?SpeciesID=2726. (February
2014).

10 References Quoted But Not Accessed

Note: The following references are cited within quoted text within this ERSS, but were not
accessed for its preparation. They are included here to provide the reader with more
information.

Beach, et al. 1989. [Source material did not give full citation for this reference.]

Beach, K. S., C. M. Smith, T. Michael, and H. W. Shin. 1995. Photosynthesis in reproductive
unicells of Ulva fasciata and Enteromorpha flexuosa: implications for ecological success.
Marine Ecology Progress Series 125(1-3):229-237.

Bliding, C. 1963. A critical survey of European taxa in Ulvales. Part I: Capsosiphon, Percursaria,
Blidingia, Enteromorpha. Opera Botanica 8:1-160.

16



Bird, K. T., and R. P. MclIntosh. 1979. Notes on the marine algae of Guatemala. Revista de
Biologia Tropical 27(2):163-170.

Brabez, R. 1941. Zur Kenntnis der Algenflora des Franzensbader und Sooser Thermenbereiches.
Beihefte zum Botanischen Centralblatt A61:137-236.

Christie, A. O., and L. V. Evans. 1962. Periodicity in the liberation of gametes and zoospores of
Enteromorpha intestinalis Link. Nature 193:193-194.

Fernandez, O. A, K. J. Murphy, A. L. Cazorla, M. R. Sabbatini, M. Lazzari, J. C. J.
Domaniewski, and J. H. Irigoyen. 1998. Interrelationships of fish and channel
environmental conditions with aquatic macrophytes in an Argentine irrigation system.
Hydrobiologia 380:15-25.

Grant, J. M., and D. Prasad. 1985. Chemical composition of some useful seaweeds of Jamaica,
West Indies. Journal of Phycology 21(supplement):15.

Guner, H., V. Aysel, A. Sukatar, and M. Ozturk. 1985. The flora of the Aegean Sea, Turkey. I.
Cyanophyta, Chlorophyta, Phaeophyta, and Angiospermae. DOGA Bilim Dergisi Seri A
Temel Bilimler 9(2):272-282.

Hadi, R., A. M. Hadi, K. M. Bahram, and A. A. S. Hassan. 1989. The new recorded species of
Enteromorpha in Baghdad area, Irag. Bulletin of the Iraq Natural History Museum
8(2):163-172.

Hansgirg, A. 1892. Prodromus der Algenflora von Bo hmen. 2. Arch. Naturwiss.
Landesdurchforsch. Bohmen 8:1-268.

Ho, Y. B. 1987. Metals in 19 intertidal macroalgae in Hong Kong waters. Marine Pollution
Bulletin 18(10):564-566.

Hodgson, L. M., and J. K. McDermid. 2000. Marine plants of Pohnpei and Ant Atoll:
Chlorophyta, Phaeophyta, and Magnoliophyta. Micronesica 32(2):289-307.

Kapraun, D. F. 1970. Field and cultural studies of Ulva and Enteromorpha in the vicinity of Port
Aransas, Texas. Contributions in Marine Science 15:205-285.

Kastovsky, J., T. Hauer, J. Mare$, M. Krautova, T. Besta, J. Komarek, B. Desortova, et al.
[Source material did not give full list of authors.] 2010. A review of the alien and
expansive species of freshwater cyanobacteria and algae in the Czech Republic.
Biological Invasions 12:3599-625.

Khotimchenko, S. V. 1993. Fatty acids of green macrophytic algae from the Sea of Japan.
Phytochemistry (Oxford) 32(5):1203-1207.

17



Kies, L., and N. Dworsky. 1982. Species composition and biomass of floating and dried algal
mats in shallow ponds from the vicinity of Pevestorf District of Luechow, Dannenberg,
Lower Saxony, West Germany. Mitteilungen aus dem Institut fiir Allgemeine Botanik,
Hamburg 18:71-84.

Koeman, R. P. T., and C. van den Hoek. 1984. The taxonomy of Enteromorpha Chlorophyceae
in the Netherlands. 3. The sections Flexuosae and Clathratae and an addition to the
section Proliferae. Cryptogamie Algologie 5(1):21-61.

Kolwalkar, J. P, S. S. Sawant, and V. K. Dhargalkar. 2007. Fate of Enteromorpha flexuosa
(Wolfen) J. Agardh and its spores in darkness: implications for ballast water
management. Aquatic Botany 86(1):86-88.

Kowalski, W. 1975. Occurrence of the species of a marine green alga Enteromorpha in the
Szczecin, Pomerania inland waters. Fragmenta Floristica et Geobotanica 21(4):527-536.

Kitzing, F. T. 1856. Tabulae phycologicae oder Abbildungen der Tange. Bd. 6. W. K6hne,
Nordhausen.

Lederer, F., A. Gardavsky, A. Lukesové, K. Kube¢kova, R. Capova, E. Lodrova, and
K. Trojankova. 1998. Biodiverzita a ekologie sinic a fas mineralnich prament a raselinit
na u zemi NPR Soos a v okoli FrantiSkovych Lazni a Marianskych Lazni. Pages 68107
in F. Lederer and Z. Chocholouskovd, editors. Flora a vegetace mineralnich pramenti a
raselinistNPR Soos. Sbornik katedry biologie PeF ZCU. PeF ZCU, Plzei.

Lobel, P. S., and J. C. Ogden. 1981. Foraging by the herbivorous parrotfish Sparisoma radians.
Marine Biology (Berlin) 64(2):173-184.

Lougheed, V. L. 2005. An invasive macroalga (Enteromorpha flexuosa) in Muskegon Lake.
International Association for Great Lakes Research, Conference and Program Abstracts
48:115.

Lourenco, S. O., E. Barbarino, A. Nascimento, J. N. P. Freitas, and G. S. Diniz. 2006. Tissue
nitrogen and phosphorus in seaweeds in a tropical eutrophic environment: what a long
term study tells us. Journal of Applied Phycology 18(3-5):389-398.

Magnusson, G. 1997. Diurnal measurements of Fv/Fm used to improve productivity estimates in
macroalgae. Marine Biology (Berlin) 130(2):203-208.

Mairh, Pandey, and Tewari. 1986. [Source did not give full citation for this reference.]
Mairh, O. P., R. S. Pandey, A. Tewari, R. M. Oza, and H. V. Joshi. 1985. Seasonal phenomena,
growth, and swarmer liberation rhythm in Enteromorpha flexuosa (Chlorophyceae

occurring on the coast of Okha, India). Proceedings of the Indian National Science
Academy Part B Biological Sciences 51(3):381-385.

18



Martinez-Murillo, M. E., and M. A. Aladro-Lubel. 1996. Sessile ciliates epibiontic of algae in
the Tamiahua Lagoon, Veracruz, Mexico. Tropical Ecology 37(2):265-272.

Marvan, P., V. Kersner, and J. Komarek. 1997. Invazni sinice a fasy. Pages 13-19 in P. PySek
and K. Prach, editors. Invazni rostliny v ceské flofe. Zpravy Ces. Bot. Spol. 14.Ceska
Botanicka Spole¢nost, Praha.

Matik-Skoko, S., B. Antolic, and M. Kraljevic. 2004. Ontogenetic and seasonal feeding habits of
the annular seabream (Diplodus annularis L.) in Zostera sp. beds, eastern Adriatic Sea.
Journal of Applied Ichthyology 20(5):376-381.

Messyasz, B., and A. Rybak. 2009. The distribution of green algae species from the Ulva genera
(syn. Enteromorpha; Chlorophyta) in Polish inland waters. Oceanological and
Hydrobiological Studies 38:121-38.

Morton, O. 1978. Some interesting records of algae from Ireland. Irish Naturalists’ Journal
19(7):240-242.

Riouall, R. 1976. Quantitative study of macrophytic algae of loose substratum from Prevost
Pond, Herault, France. Naturalia Monspeliensia 26:73-94.

Rodriguez De Rios, N., and M. Lobo. 1984. 2 additions to the marine alga flora of VVenezuela.
Ernstia 25:1-7.

Sahoo, D., P. Baweja, and N. Kushwah. 2006. Developmental studies in Porphyra vietnamensis:
a high-temperature resistant species from the Indian coast. Journal of Applied Phycology
18(3-5):279-286.

Sahoo, D., N. Sahu, and D. Sahoo. 2003. A critical survey of seaweed diversity of Chilika Lake,
India. Algae - Inchon 18(1):1-12.

Schories, D., A. Albrech, and H. Lotze. 1997. Historical changes and inventory of macroalgae
from Koenigshafen Bay in the northern Wadden Sea. Helgolaender
Meeresuntersuchungen 51(3):321-341.

Silvasamy, A., S. Nethaji, and L. L. J. Lalli-Nisha. 2012. Equilibrium, kinetic and
thermodynamic studies on the biosorption of reactive acid dye on Enteromorpha flexuosa
and Gracilariacorticata. Environment Science Pollution Research 19:1687-1695.

Sitkowska, M. 1999. Dwa nowe stanowiska Enteromorpha flexuosa subsp. pilifera
(Chlorophyta) w Polsce. Fragm. Florist. Geobot. Ser. Pol. 6:301-4.

Sivalingam, P. M. 1977. Marine algal distribution in Penang Island, Malaysia. Bulletin of the
Japanese Society of Phycology 25(4):202—-209.

19



Sivalingam, P. M. 1978. Biodeposited trace metals and mineral content studies of some tropical
marine algae. Botanica Marina 21:327-330.

Skacelova, O. 2004. Flora sinic a fas tani v inundacnich pasmech rek. Doctoral dissertation.
University of South Bohemia, Ceské Budéjovice, Czech Republic.

Smith, G. M. 1947. On reproduction of some Pacific coast species of Ulva. American Journal of
Botany 34:80-87.

Tabudravu, J. N., P. Gangaiya, S. Sotheeswaran, and G. R. South. 2002. Enteromorpha flexuosa
(Wulfen) J. Agardh (Chlorophyta: Ulvales): evaluation as an indicator of heavy metal
contamination in a tropical estuary. Environmental Monitoring and Assessment
75(2):201-213.

Trono, G. C., Jr. 1975. The marine benthic algae of Bulusan and vicinity province of Sorsogon,
Philippines. Part 1. Introduction and Chlorophyta. Kalikasan 4(1):23-41.

Vaughan, F. A. 1978. Food habits of the sea bream Archosargus rhomboidalis and comparative
growth on plant and animal food. Bulletin of Marine Science 28(3):527-536.

Waeern, M. 1952. Rocky-shore algae in the Oregund Archipelago. Acta Phytogeogr. Suecica
30:1-298.

Webber, E. E. 1975. Recent additions to the marine algal flora of Nahant, Massachusetts, USA.
Rhodora 77(811):430-433.

Wetzel, R. G. 2001. Limnology. Lake and River Ecosystems. Academic Press, San Diego,
California.

Woolcott, G. W., and R. J. King. 1999. Ulva and Enteromorpha (Ulvales, Ulvophyceae,

Chlorophyta) in eastern Australia: comparison of morphological features and analyses of
nuclear rDNA sequence data. Australian Systematic Botany 12(5):709-725.

20



