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1  Native Range and Status in the United States 
Native Range 
According GRIN-Global (2021), Azolla caroliniana is native to the following countries: Canada 
(Ontario), the United States (Indiana, Massachusetts, New York, Ohio, Wisconsin, Alabama, 
Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, South Carolina, Virginia 
and Texas), Mexico (Chiapas), Cuba, Jamaica, Puerto Rico, Costa Rica, Guatemala, Honduras, 
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Nicaragua, Panama, French Guiana, Guyana, Suriname, Venezuela (Zulia), Brazil, Columbia, 
Peru, Argentina and Uruguay.  
 
From Madeira et al. (2013): 
 
“Florida’s native Azolla has historically been considered to be Azolla caroliniana Willd. 
(Godfrey et al., 1961; Wunderlin and Hansen, 2003). 
 
From Lumkpkin and Plucknett (1980): 
 
“Prior to their dispersal by man, the species were endemic to the following areas: A. caroliniana, 
eastern North America and the Caribbean. 
 
From Shi and Hall (1988): 
 
“A. caroliniana is indigenous to the eastern United States, Caribbean, the West Indies and 
Mexico […]” 
 
From Darbyshire (2002): 
 
“[…] it has been found only twice in Ontario (Cody and Schueler 1988). The first collection in 
Canada is of plants taken at Burlington Beach (near Hamilton) in 1862. The plant does not seem 
to have persisted there, and has not been seen since the original collection. An extensive 
population found at Knights Creek (near Gananoque) in 1981 also did not persist the following 
year (Cody and Schueler 1988).” 
 
Status in the United States 
A large portion of the native range of Azolla caroliniana is within the United States (see section 
above). 
 
According to NatureServe (2021) Azolla caroliniana is “possibly extirpated” from Arkansas, 
“critically imperiled” in Washington D.C. and Illinois, “vulnerable” in Indiana, New Jersey and 
North Carolina, and “imperiled” in Missouri and New York. 
 
From Svenson (1944): 
 
“[…] occasionally introduced in the eastern United States, Hawaii, […].” 
 
From Imada and Kennedy (2020): 
 
“Azolla filiculoides and A. caroliniana are among three North American species that have 
become […] introduced horticulturally into Hawai‘i […]. In Hawai‘i it can often be found 
covering the water surface in taro paddies. […] A. caroliniana was apparently relatively recently 
introduced, represented in the herbarium by only two Hawaiian vouchers collected in 1985 
(O‘ahu) and 1994 (Moloka‘i), both identified in 1994 by Alan R. Smith (UCBerkeley).” 
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From Cohn and Renlund (1953): 
 
“This species is apparently a recent introduction to New Jersey. […] Taylor (1915) lists it as 
being found "in the Morris Canal near Bloomfield, New Jersey" and Small (1935) mentions it as 
being present in Essex County as the "remains of plantings connected with mosquito-control 
activities." […] Although its natural range is given as Massachusetts and New York to Louisiana 
and westward, Muenscher (1944) does not indicate its presence in New Jersey. It may be 
assumed then that this colony represents the first natural appearance of the fern in the state.” 
 
From Darbyshire (2002): 
 
“Small (1935) considered the occurrences of A. caroliniana around southeastern New York State 
and northern New Jersey (and by implication further north) to be colonies naturalized from 
human introductions. Fernald (1950) also considered northern occurrences as being likely spread 
from cultivation.” 
 
According to EDDMapS (2021), A. caroliniana has been introduced to Hawaii and lists the 
infestation status as Positive. 
 
Azolla caroliniana appears to be readily available in the plant trade and can be found online 
through various aquaria supply vendors such as Pond Megastore (2021), Pond Plants Online 
(2021), Dragonfly Aquatics (2021), etc. It is also available by large, nationwide chain stores such 
as Walmart (2021) and is sold by the pound. 
 
Azolla caroliniana is on Illinois’s Aquatic Life Approved Species List (Illinois DNR 2015). 
 
Means of Introductions in the United States 
From Darbyshire (2002): 
 
“Small (1935) considered the occurrences of A. caroliniana around southeastern New York State 
and northern New Jersey (and by implication further north) to be colonies naturalized from 
human introductions. Fernald (1950) also considered northern occurrences as being likely spread 
from cultivation.” 
 
No information on the means of introduction in Hawaii was found. 
 
Remarks 
The taxonomic authority used for plants by this screening process considers Azolla caroliniana a 
valid species (WFO 2021). WFO (2021) states A. filiculoides and A. cristata are considered 
separate, valid species. Multiple other peer-reviewed resources indicate these species are 
synonymous with A. caroliniana. Every effort has been made to only consider information 
pertaining to A. caroliniana and not another valid Azolla species in this screening. 
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From Evrard and Van Hove (2004): 
 
“We conclude therefore that there is no reason for considering more than two Azolla species in 
the American flora. One, A. filiculoides, has unicellular leaf trichomes, glochidia mainly 
unseptate or uniseptate, some with only a few, generally apical septae, and its perine is warty. 
The other species is characterized by bicellular leaf trichomes, glochidia mainly septate and a 
perine structure, quite variable, but not warty. Considering the priority rule this species must be 
named A. cristata. The observation of leaf trichomes under a light microscope is therefore the 
necessary and sufficient condition for identifying American sterile specimens. In other words the 
taxonomy proposed by Mettenius (1867) and so remarkably documented by Strasburger (1873) 
has to be rehabilitated, with nevertheless A. caroliniana Willd. sensu Mettenius replaced by 
A. cristata Kaulf.” 
 
From Metzgar et al. (2007): 
 
“Likewise, the taxonomic status and rank of three sympatric New World taxa (A. caroliniana, 
A. mexicana, and A. microphylla) have also generated considerable debate. Numerous authors 
maintain them as distinct species (Svenson 1944; Moore 1969; Saunders and Fowler 1993). 
Others have contributed evidence or reviews suggesting that they be regarded as a single species 
(Zimmerman et al. 1989, 1991; Evrard and Van Hove 2004) or that the extent of the taxonomic 
conundrum is such that some of the names may have been misapplied and will require a detailed 
study of type material (Dunham 1986; Dunham and Fowler 1987). Reid et al. (2006) produced 
the first molecular phylogeny of Azolla and hypothesized that A. caroliniana was distinct 
whereas A. microphylla and A. mexicana should be considered the same species.” 
 
“Based on the results of their three-locus study, Reid et al. (2006) recommended recognizing 
A. caroliniana as a separate species but suggested that A. microphylla and A. mexicana be treated 
as a single species. The results of our six-locus data support the conclusions of Reid et al. (2006) 
and do not confirm the morphological conclusion of Evrard and Van Hove (2004) that the entire 
CAR-MICMEX complex should be recognized as a single species.” 
 
From Pereira et al. (2011): 
 
“The clustering analysis with the different types of data (morphological, RAPD and combined) 
supported the two-section ranking, the A. pinnata and A. nilotica in section Rhizosperma and 
five distinct species on section Azolla Azolla (A. mexicana, A. microphylla, A. caroliniana, 
A. filiculoides and A. rubra).” 
 
From Madeira et al. (2013): 
 
“The status of A. caroliniana is perhaps the most debatable within the genus because Willdenow 
(1810) described the holotype A. caroliniana (“habitat in aquis Carolinae”) from a sterile 
specimen. This has led to various interpretations including that the original specimen was 
actually Azolla filiculoides Lamarck (Dunham and Fowler, 1987; Evrard and Van Hove, 2004). 
Regardless of what the holotype represents, an “A. caroliniana” species with a unique megaspore 
perine structure exists (Perkins et al., 1985; Pereira et al., 2001).” 
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“The discovery of a previously uncharacterized Ecuadorian Azolla, which appears to be a 
paternal ancestor of A. caroliniana, indicates that A. caroliniana is a hybrid species.” 
 
Difficulty in correctly identifying Azolla caroliniana from its congeners and the many taxonomic 
changes proposed to the genus make difficult to fully understand the distribution of the species. 
 
From Roy et al. (2014): 
 
“[…] cryptic species make early detection of new species difficult. For example the alien aquatic 
fern, Azolla filiculoides, is well established in Britain, but the morphological characters 
distinguishing it from Azolla caroliniana are unclear so it is not known whether both species are 
actually present.” 
 
From Pereira et al. (2001): 
 
“With regard to the existence of two species in Portugal, we offer two explanations: either 
A. caroliniana never existed in our country and the herbarium specimens where incorrectly 
identified or, if it existed, it probably overlapped with A. filiculoides.” 
 

2  Biology and Ecology 
Taxonomic Hierarchy and Taxonomic Standing 
According to WFO (2021), Azolla caroliniana Willd. is the current valid common name of this 
species. 
 
From GBIF Secretariat (2021): 
 
Kingdom: Plantae 
Phylum: Tracheophyta 
Class: Polypodiopsida 
Order: Salviniales 
Family: Salviniaceae 
Genus: Azolla 
Species: Azolla caroliniana Willd. 
 
Size, Weight, and Age Range 
From Pandey (2012): 
 
“Azolla caroliniana (1–4 cm) […]” 
 
From Shi and Hall (1988): 
 
“The diameter of the sporophyte is usually about 1 cm for A. pinnata (A. imbricata), 
A. mexicana, A. micro- phylla, and A. caroliniana.” 
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From Wagner (1997): 
 
“The maximum biomass attained by Azolla spp., as reported by various researchers, is 3190 kg 
dry weight ha-1 for A. caroliniana and ranges from 640 to 2170 kg ha-1 […]” 
 
Environment 
From Wagner (1997): 
 
“The optimum temperature for Azolla spp. is between 18° and 28° (Tuan & Thuyet, 1979), 
although some species can survive a very wide temperature range of about -5° to 35°C 
(Lumpkin, 1987a). According to Watanabe (1982), the optimum temperature for A. pinnata, 
A. mexicana, and A. caroliniana is about 30°C. Growth rates are reduced above 35°C and no 
species can survive at prolonged temperatures above 45°C (Lumpkin, 1987a). Hechler and 
Dawson (1995) found that, in A. caroliniana, nitrogenase activity could be detected at 
temperatures between 5° and 40°C, was relatively high at between 15° and 35°C and was 
maximum at 25°C.” 
 
From Palmer (1912): 
 
“It has found the still waters of South Walsham and Ranworth Broads particularly suited to its 
needs. It is most partial to the reed swamps of Typha angustifolia, so characteristic of the borders 
of our fen-lakes and with this protection it is seen in large crowded expanses.” 
 
“It seems probable that the spread of the species to the other rivers of the Norfolk system, the 
Yare and the Waveney, will be prevented by the brackish nature of the water below Acle Bridge. 
I understand that a hard winter would probably kill the plant off but its abundant sporocarps 
would carry it over the succeeding spring.” 
 
From Pandey (2012): 
 
“A. caroliniana is an aquatic fern occurring in ditches and stagnant water, although it can grow 
on the wet mud surfaces […].” 
 
Climate 
From Pandey (2012): 
 
“A. caroliniana is distributed widely throughout temperate, sub-tropical and tropical regions of 
the world.” 
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Distribution Outside the United States 
Native 
According the GRIN-Global (2021), Azolla caroliniana is native to the following countries: 
Canada (Ontario), […] Mexico (Chiapas), Cuba, Jamaica, […], Costa Rica, Guatemala, 
Honduras, Nicaragua, Panama, French Guiana, Guyana, Suriname, Venezuela (Zulia), Brazil, 
Columbia, Peru, Argentina and Uruguay.  
 
From Shi and Hall (1988): 
 
“A. caroliniana is indigenous to the […] Caribbean, the West Indies and Mexico […]” 
 
From Lumkpkin and Plucknett (1980): 
 
“Prior to their dispersal by man, the species were endemic to the following areas: A. caroliniana, 
eastern North America and the Caribbean. 
 
From Darbyshire (2002): 
 
“[…] it has been found only twice in Ontario (Cody and Schueler 1988). The first collection in 
Canada is of plants taken at Burlington Beach (near Hamilton) in 1862. The plant does not seem 
to have persisted there, and has not been seen since the original collection. An extensive 
population found at Knights Creek (near Gananoque) in 1981 also did not persist the following 
year (Cody and Schueler 1988).” 
 
Introduced 
From Dana et al. (2001): 
 
According to Dana et al. (2001), Azolla caroliniana is listed as a “Naturalised [sic] Species 
Showing a Potential Threat to Spanish Ecosystems.” 
 
Thiébaut (2007) lists A. caroliniana as invasive in France. 
 
From Shi and Hall (1988): 
 
“[…] introduced into eastern Spain, France, Italy, and China.” 
 
From Imada and Kennedy (2020): 
 
“Azolla filiculoides and A. caroliniana are among three North American species that have 
become naturalized in Europe and South Africa, […] and agriculturally into Asia (Lumpkin 
1993).  
 
From Protopopova et al. (2006): 
 
“A. caroliniana Willd. colonize aquatic ecosystems [in the Steppe zone of Ukraine].” 
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From Prokopuk (2016): 
 
“Azolla caroliniana Willd. belonging to invasive species-transformers of the aquatic flora of 
Ukraine was found in water bodies of Kiev used for recreation.” 
 
From Darbyshire (2002): 
 
“In September of 1997 a population of A. caroliniana was found in the westerly pond of 
Brown’s Inlet off the Rideau Canal in Ottawa, Ontario […] Other vegetation studies in this pond 
during the previous two years had failed to detect the fern (personal observations).” 
 
“Continued observations during the next two years did not detect A. caroliniana at Brown’s 
Inlet. It is presumed that these winter conditions [including full draw down] proved too harsh for 
the vegetative material to over-winter.” 
 
“The occurrence of the plant in Brown’s Inlet […] was most likely a deliberate introduction.” 
 
“In late summer of 1998, colonies of A. caroliniana were seen in substantial mats along the 
shores of the Rideau River.” 
 
“Systemic and repeated searches in August and September of 1999 throughout the areas of the 
previous year’s infestation failed to detect a single plant of A. caroliniana. Less detailed searches 
in 2000 were also negative. The large population seems to be the result of a single introduction at 
a point close to collection site number 9 […]. Figure 2 [in source material] indicates that 
phosphorous concentrations would not have been a limiting factor in 1999, so the complete 
disappearance is most likely the result of winter-kill.” 
 
Means of Introduction Outside the United States 
According to Imada and Kennedy (2020), A. caroliniana was introduced to Asia for agricultural 
purposes. 
 
From Madeira et al. (2019): 
 
“Azolla. caroliniana was introduced [to the Yangtze River Watershed, China] because of broad 
tolerance for drought, heat, and cold (Watanabe Journal Pre-proof and Liu, 1992). As 
A.  caroliniana fixes large amounts of nitrogen in the spring it was especially useful in early rice 
triple cropping systems, as well as for early-medium and medium rice varieties (Li 1984).”  
 
From Prokopuk (2016): 
 
“Azolla caroliniana Willd. belonging to invasive species-transformers of the aquatic flora of 
Ukraine was found in water bodies of Kiev used for recreation.” 
 
From Darbyshire (2002): 
 
“The introduction could have easily occurred here from the dumping of aquarium contents.” 
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Short Description 
From WFO (2021): 
 
"Plants rarely fruiting, minute, mostly 5–10 mm wide, dichotomously branched almost throughout; 
upper lf-lobes 0.5–0.6 mm,much smaller than the lower, not much imbricate; massulae ca 0.3 mm, 
the glochidia without cross-walls; […]” 
 
From eFloras (2008): 
 
“Plants dark green or with margins of bright crimson or whole plants dark red, free-floating or 
forming multilayer mat to 4 cm thick under good conditions; plants infrequently fertile. Stems 
prostrate, 0.5--1 cm. Largest hairs on upper leaf lobe near stem with 2 or more cells; broad 
pedicel cell often 1/2 or more height of hair, apical cell curved, with tip nearly parallel to leaf 
surface. Megaspores without raised angular bumps or pits, densely and uniformly covered with 
tangled filaments.” 
 
From Svenson (1944): 
 
“Glochidia not septate, or rarely with 1 or 2 septae at apex; plants elongate (frequently 2-6 cm. 
long), with closely appressed, imbricate, papillose, oblong to ovate leaves (1 mm. long); micro- 
sporangia 35-100 in an indusium; massulae 4-6; megasporangia with raised, irregularly 
hexagonal markings.” 
 
From Evrard and Van Hove (2004): 
 
“All the papers having described leaf trichomes on the upper leaf lobe have presented them as 
[…] bicellular (sometimes accompanied by tricellular) in A. caroliniana, […]” 
 
From Cohn and Renlund (1953): 
 
“The plants are green from their first appearance in July to early September, at which time a 
color change becomes apparent. By mid-September they are a deep rusty-red, except for those 
plants that are shaded, these retaining their green color. The leaf tip of the green plant is bright 
red. During the color change this red hue is at first more intense in the tip of the lower lobe. 
Later, the entire plant becomes rusty-red. Different authors ascribe this change to varying 
environmental factors such as light, nutriment, and others.” 
 
Biology 
From Pandey (2012): 
 
“It is dispersed by spores or stem fragments. A. caroliniana (aquatic pteridophyte) form a 
symbiotic relationship with the cyanobacteria Anabaena azollae (nitrogen-fixing blue-green 
algae), which fixes atmospheric nitrogen and grows in a cavity in the dorsal lobe of the fern’s 
frond.” 
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From Imada and Kennedy (2020): 
 
“In Hawai‘i it can often be found covering the water surface in taro paddies.” 
 
From Darbyshire (2002): 
 
“Azolla caroliniana is a plant of slow-moving or stagnant water in ponds, lakes, marshes, 
swamps, streams, rivers, ditches, etc. (Lumpkin 1993). It is the most cold-resistant species in the 
genus (Lumpkin 1993) […]” 
 
“Species of Azolla are heterosporic, but reproduction in A. caroliniana seems to be entirely 
vegetative. Megaspores are unknown, although microspores are sometimes detected and are 
produced under condition of crowding (Lellinger 1985),” 
 
“A symbiotic relationship has formed between species of Azolla and the cyanobacterium (blue-
green alga) Anabaena azollae Strasb. (and possibly other bacteria) […]” 
 
“[…] it was abundant, often completely swathing the shore for considerable distances. Mats 
became sparser at the upstream and downstream extremes of the distribution and where the river 
shores were exposed to strong currents or waves. Mats were mostly along shores and becoming 
thick and continuous in quite bays and around protecting emergent vegetation such as Cattails 
(Typha latifolia L.) or Reed Canary Grass (Phalaris arundinacea L.).” 
 
Human Uses 
From Imada and Kennedy (2020): 
 
“These tiny water ferns are well known for their association with nitrogen-fixing blue-green 
algae, leading to their economic use as a green fertilizer. They have also been exported 
horticulturally as water plants, leading to their spread as invasive weeds of slow-moving 
waterways.” 
 
From Dhir (2019): 
 
“Aquatic plant species, namely, Ipomoea aquatica, Azolla caroliniana, Lemna minor, 
Phragmites australis, Typha latifolia, Salix atrocinerea, and Scirpus validus have shown 
capacity for removing PPCPs [pharmaceuticals and personal care products] such as ibuprofen, 
triclosan, diclofenac, carbamazepine, sulfadiazine, acetaminophen, tonalide, oxybenzone, 
galaxolide, and naproxen from wastewater.” 
 
From Wagner (1997): 
 
“Azolla-Anabaena has many uses. It can be utilized as a biofertilizer on rice and many other 
crops, an animal feed, a human food, a medicine, and a water purifier. It may also be used for the 
production of hydrogen fuel, the production of biogas, the control of weeds, the control of 
mosquitoes, and the reduction of ammonia volatilization that accompanies the application of 
chemical nitrogen fertilizer.” 



11 
 

From Pandey (2012): 
 
“The accumulation of Pb, Mn, Zn, Cu and Ni in naturally growing A. caroliniana on FA [fly ash] 
pond was much higher in comparison to the previously reported plant species like Typha latifolia 
(Cattail) and Fimbristylis dichotoma (Rush) from the marshy and wet areas of FA ponds (Maiti 
and Jaiswal, 2008). Thus, this comparison shows that A. caroliniana is more [sic] efficient 
candidate for removal of heavy metals from FA pond) 
 
From Brunton and Bickerton (2018): 
 
“Azan et al. (2015) reported that of 331 857 individual plant sales in one year by 20 stores in the 
GTA [Greater Toronto Area], only 931 (or 0.003%) consisted of A. cristata (as A. caroliniana).” 
 
Azolla caroliniana appears to be readily available in the plant trade and can be found online 
through various aquaria supply vendors such as Pond Megastore (2021), Pond Plants Online 
(2021), Dragonfly Aquatics (2021), etc. It is also available by large, nationwide chain stores such 
as Walmart (2021) and is sold by the pound. 
 
Diseases 
No information on diseases available. 
 
Threat to Humans 
No information on threat to humans available. 
 

3  Impacts of Introductions 
From Prokopuk (2016): 
 
“In water bodies of Kiev, A. caroliniana is a potent cenosis-forming species and dominant. 
Under conditions of warm summer-autumn period of 2014 in water bodies of Kiev, its life 
strategy corresponded to that of “species-transformers”. On the one hand, this species produces 
resources (in particular, nitrogen), whereas on the other hand – it intensively consumes other 
resources (light, oxygen, and nutrients), which results in changes in the cenotic structure of 
communities. […] In addition, intensive development of A. caroliniana resulted in changes in the 
cenoses. In autumn, communities of the association Lemno-Spirodeletum polyrhizae widely 
distributed in summertime gave way to the cenoses of the association Lemno-Azolletum 
carolinianae and monodominant communities of A. caroliniana. 
 
Mass development of A. caroliniana in the water body of Kiev is an example of invasion of alien 
species conditioned by intensive anthropogenic load on aquatic ecosystems. Thus, A. caroliniana 
is a dangerous component of the flora of macrophytes of Ukraine.” 
 
From Darbyshire (2002): 
 
“In some situations A. caroliniana has been a serious weed disrupting aquatic ecology and 
interfering with human activities (Thieret 1980).” 
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“[…] it was abundant, often completely swathing the shore for considerable distances. Mats 
became sparser at the upstream and downstream extremes of the distribution and where the river 
shores were exposed to strong currents or waves. Mats were mostly along shores and becoming 
thick and continuous in quite bays and around protecting emergent vegetation such as Cattails 
(Typha latifolia L.) or Reed Canary Grass (Phalaris arundinacea L.).” 
 
From Protopopova et al. (2006): 
 
“[…] A. caroliniana [in Ukraine] promotes bogging and by that not only interferes with 
processes of development and life activity of free-floating species, but also adversely affects 
nearly all aquatic organisms (Dubyna & Protopopova, 1980; Shelyag-Sosonko & Dubyna, 1984; 
Dubyna et al., 2002).” 
 
“In the lower reaches of the Danube, in Danube Biosphere Reserve, the spread of alien water 
fern species Azolla filiculoides and A. caroliniana affects conditions of populations of native 
protected and relict species Salvinia natans and Trapa natans L., which are listed in the Red 
Data Book of Ukraine ([Shelyag-Sosonko et al.] 1996).” 
 

4  History of Invasiveness 
The History of Invasiveness category for Azolla caroliniana is High. A. caroliniana has become 
widespread outside of its native range. Much of this is due to intentional introduction for 
agricultural, horticultural and ornamental purposes in Africa, Asia, Europe and Hawaii. Negative 
impacts of introduction have been documented such as forming thick mats which clog waterways 
and outcompeting native species for light, oxygen, and nutrients, some of which are locally 
threatened. Additionally, Azolla caroliniana is found in the aquarium trade but quantities and 
duration of trade were not found. 
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5  Global Distribution 
 

 
Figure 1. Known global distribution of Azolla caroliniana. Observations are reported from the 
Americas, Europe and portions of eastern Asia. Map from GBIF Secretariat (2021). 
 
Locations in the following areas will not be included in the climate match as they do not 
represent wild, established populations: Western United States, Ghana, Germany, the 
Netherlands, Russia, Albania, Azerbaijan, and Taiwan. 
 
Additional locations in Ukraine, provided by Prokopuk (2016), will be used to select source 
points for the climate match. 
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6  Distribution Within the United States 
 

 
Figure 2. Known distribution of Azolla caroliniana in the United States, including Puerto Rico. 
Map from Bison (2021). Blue dots indicate observation based records, green dots indicate 
specimens based records, orange rings around the dots indicate centroid records instead of exact 
coordinates. 
 
Locations in Washington, California, Arizona, and Nebraska will not be included in the climate 
match as no established populations have been documented in those locations.  
 
Additional locations will be added in the climate match to represent the naturalized populations 
in Hawaii provided by Imada and Kennedy (2020), and EDDMapS (2021). 
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7  Climate Matching 
Summary of Climate Matching Analysis 
The majority of the contiguous United States had a high climate match. The area of highest 
match is found within the native range of this species in the eastern United States. Additional 
areas of high match are found along the Pacific Coast and northern Midwest. Small patches of 
low and medium-low match are found in the West. Medium match is primarily found in the 
interior West and coastal Northeast. The overall Climate 6 score (Sanders et al. 2018; 16 climate 
variables; Euclidean distance) for the contiguous United States was 0.791, high. (Scores greater 
than or equal to 0.103 are classified as high.) All States had high individual Climate 6 scores. 
 

  
Figure 3.  RAMP (Sanders et al. 2018) global source map showing weather stations selected as 
source locations (red; Canada, United States, Mexico, Cuba, Haiti, Dominican Republic, 
Jamaica, Puerto Rico, Honduras, El Salvador, Costa Rica, Panama, Colombia, Venezuela, 
Guyana, French Guiana, Ecuador, Peru, Brazil, Bolivia, Paraguay, Argentina, Uruguay, United 
Kingdom, Portugal, Spain, France, Italy, Ukraine, China) and non-source locations (gray) for 
Azolla caroliniana climate matching. Source locations from GBIF Secretariat (2021), Prokopuk 
(2016), Imada and Kennedy (2020), and EDDMapS (2021). Selected source locations are within 
100 km of one or more species occurrences, and do not necessarily represent the locations of 
occurrences themselves. 
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Figure 4.  Map of RAMP (Sanders et al. 2018) climate matches for Azolla caroliniana in the 
contiguous United States based on source locations reported by GBIF Secretariat (2021), 
Prokopuk (2016), Imada and Kennedy (2020), and EDDMapS (2021). Counts of climate match 
scores are tabulated on the left. 0/Blue = Lowest match, 10/Red = Highest match. 
 
The High, Medium, and Low Climate match Categories are based on the following table: 
 

Climate 6:  
(Count of target points with climate scores 6-10)/ 
(Count of all target points) 

Overall 
Climate Match 
Category 

0.000≤X≤0.005 Low 
0.005<X<0.103 Medium 
≥0.103 High 

 

8  Certainty of Assessment 
The certainty of this assessment is Medium. Information is available on the native range, biology 
and ecology. Uncertainty in the understanding of the species’ native range provides confusion in 
identifying areas of introduction of A. caroliniana. While A. caroliniana has been reported as 



17 
 

introduced outside of its native range, and information on impacts is available, much of the 
primary sources for the impact information were not available in English. Due to continually 
changing taxonomy of the Azolla genus and difficulty in distinguishing A. caroliniana from 
some congeners it may be difficult to fully understand the extent of its invasiveness and impacts. 
 

9  Risk Assessment 
Summary of Risk to the Contiguous United States 
Azolla caroliniana, the Carolina Mosquitofern, is an aquatic plant native to much of the eastern 
United States, Central and South America, as well as the Caribbean. This species has been 
introduced to many countries to be used in agriculture as a green fertilizer, for horticultural and 
ornamental purposes, and pest control. A. caroliniana has become established outside of its 
native range in Hawaii, Spain, France, Italy, Ukraine, and China. Some information on impacts 
of introduction were found including competition with native plants, some of which are locally 
threatened, interference with recreational activities, and it can change water quality and 
hydrology. Information on documented negative impacts of introduction was available, therefore 
the history of invasiveness is High. The climate match for the contiguous United States was 
High, with high match found throughout the native range in the eastern States, with additional 
areas of high match found in the West and Midwest. The certainty of this assessment is Medium, 
due to the taxonomic confusion of the Azolla genus and primary sources for the impacts of 
introduction not being available in English. The overall risk assessment category for Azolla 
caroliniana is High. 
 
Assessment Elements 

• History of Invasiveness (Sec. 4): High 
• Overall Climate Match Category (Sec. 7): High 
• Certainty of Assessment (Sec. 8):  Medium 
• Remarks/Important additional information: No additional remarks. 
• Overall Risk Assessment Category:  High 
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