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1. EXECUTIVE SUMMARY

Ecological niche modeling is a fairly new and rapidly evolving technique being utilized by
environmental managers to assess invasion riskdrynative species under the impending risk of
climate change. Thiewa Department of Natural Resources (DNR) is interestedgtoringthe invasive
potential of a broad diversity of specigsh G KAy ( KS & (rréspofsk toa fallfgrR I NA S & @ L
proposalsthe ecological niche modeling group at the University of Kansas developed a series of
ecological niche modets assess invasion potentifar six target species. The species selected for risk
analysisvere the Round gobyNeogobius melanostromysRed swamprayfish Procambarus clarki
Asian rock pool mosquitdédes japonicysParrotfeather Myriophyllum aquaticurjy Chinese
bushclover [(espedeza c@ata) and the New Zealand mudsndtiofamopyrgus antipodarujn Selection
of species was based on threeteria of general invasivenes§) history of colonization in regions
outside of their native habitai)LJ2 G Sy G A € G KNBI G (i(i#) datahvailallidy. 6 A 2 RA @S NJ

Invasion risk potential was projected for each target species using the tvgb commmon
ecological niche modeling algorithms: GARP and MaxEnt. Model parameters were standardized and
projections made using presedy WorldClim climatic data and future climatic projections as provided
in the BCCR climatic model for three emissiaenarios (A1B, A2, and B1) for the years 2050 and 2090.
Additionally, a calculation of climatic similaritytb& state of lowawith respect to the rest of the world
(MESS analysis) was performed in ordeidemtify global regions that, based upon cliricagimilarity,
could serve as sources fofture invasive species. These approacaescomplementary to each other in
that the potential for inasibility may emerge as the individual respons@sepecies tdts environment,
but the general context of thenvironment in which these species may appear and estaislisbst
assessed if there is contextual environmental and geographical information for interpretation.

The results of the algorithms utilized (GARP and Max&eathdependent of one another as
they are derived frondifferent probability distibutions, and as such, yielshiqueresults (Stockwell et
al. 1999, Phillips et a006).MaxEnt appeared to perform poorly for several species, overfitting the
model and potential distributions for bottihe New Zealand mudsnail agian rock pool mosquit@and
apparently underfitting potential distributions for the red swamp crayfish. Conversely, the GARP
algorithm appeared to fihearlyall populations with outputs performing above random across all
species. Where minimal species presence data were available, the overall projections of neither model
appeared overly stron@@ased upon the overall performancetbé algorithms, the projections of GARP
appear more reasonablewing to theirconsistency wh a priorihypotheses of species distribution.
Thusly, the projections provided by GARP were accepted for analysis and became the basis for risk
assessment. Species considered tochawhigh invasion risk are the Red swamp cragighthe Asian
rock-poolmosquita  The New Zealand mudsnail and Chinese bushclover are considered to be of
moderatehigh risk. Andhe remainingwo species Parrotfeather and Round gobwy are consideed
of moderate risk

Page 4-0f43



2. INTRODUCTION

In a world rapidly changing throughe rise of globalizatiorrange expansion and subsequent
colonizationof speciesn nonnative regiong one of growing concern. Invasive species threaten not
only indigenous biodiversity, but can impose costly economic consequences ardhmaith risk.
dimate change can exacerbate these risks as some spaatigelytrack newly emerging suitable
habitat. A successful invasive species is one that can colonize a hew area as a result of introduction or
environmental change. Ecological niche modelElgM) is a useful tool to for predicting areas outside a
ALISOASEAQ YIGADS NI y(Befersonfnd Vieghais 2001 hés méthog Has beatwhel | 6 f S
popular not only to identify areas that may be vulnerable to colonization byimdigenous species as a
result of artifcial introductionge.g. DeVaney et al. 2009, Kulhanek et al. 20duf)that may become
suitable for colonization in the future due to climate chariBeuraPascual et ak004)

Presently, over 50,000 documented invasive species exist in the United States, with a diversity of
conseqguences ranging from the closing of recreational areas, to crop and livestock loss, and emerging
zoonotic disease(Pimentel et al. 2004}hesespecies cost the United States over $120 billion annually
(Pimenteletal. 2004} & t Sl ald odp Ay OFaArAdS aLISOASE OdNNByilfte 2
http://nas.er.usgs.goV. Through predictivenodeling of invasive species, it may be possible to develop
policies and strategies to prevent or mitigate the negative impacts of invasive species on the
environment (naturaglhuman, and agricultural) and the economy.

In response to concerns of invas&d JSOA Sa 2F L2gl Ay (GKS Fdzida2NBE>x L2
Resources extended a Wiol parties in the niche modeling community to investigate invasive risk
potential. The Ecological Niche Modeling Group (ENMG) at the University of Kansas select&iksix spe
for modeling of potential invasiveness in lowa in response to future projected climatic charges
following report details the results of these analyses.

Page- 5-0f43


http://nas.er.usgs.gov/

3. METHODOLOGY

A risk assessment of potential invasion for six species was conducted uslegrecological niche
modeling (ENM) techniques. Study species were selected based upon three primary criteria:

(i) Overall colonization ability of the species as exhibited in other regions.

(i) Risk to native flora and fauna of lowa pending invasion.

(i) Availabiity of adequate and reliable data for use in modeling applications.
The speies selected for assessmeniRound goby KNeogobius melanostromysSvamp red crayfish
(Procambarus clarBi Asian rock pool mosquité\€des japonicus)arrot-feather Myriophylum
aguaticunj, Chinese bushclovetéspedeza c@ata) and the New Zealand mudsndatamopyrgus
antipodarumn) ¢ represent a variety of known species with invasion potential.

3.1 Data & ModelStandardization

Species occurrence data were collected framaridy of datasourcesand are referenced with
each species descriptionThe data were curated for localities and georeferenced. For each species
modeled, 20% of the complete data set were randomly selected and set aside for use in partial ROC
testing. Theemaining 80% of data points were subsequently utilized for model training.

Model training regiongM) were defined based upon knowledge of the natural history of each
species. Using the 80% of locality data set aside for training, a buffer was deatathect all data
points in a contiguous regionWhere a standardized buffappeared to cause overfitting of the model,
training regions were delimited by haning knowledge of species specific hatural histdfyhen
possible, the native species ragasutilized for training; however for a few select and highly invasive
species (and depending dine availability of adequateccurrence data), either a combination of the
native and invaded ranges, or just the invaded ranges were utilized. Occudataceere then further
refined through clipping to one data point per cell at 2.5 minute resolution using ENMTools
(http://enmtools.blogspot.com/).

Seven bioclimatic variables were selected for use in modeling. These variables represent a
range of bothtemperature (annual mean tempetare, mean diurnal rangemaximum temperature of
warmest month, minimum temperature of coldest month) and precipitation (annual precipitation,
precipitation of wettest month, precipitation of driest month) factors. Currentironmental data were
taken from WorldClim (Hijmans et a2005).

Three standard emissions scenarios from the BCCR future bioclimatic model were utilized in the
modeling of future climate. The three scenar@&1B, A2, and Bdrepresent three standrd potential
emissions scenarios: moderate (utilization of an equal balance of fossil aHs&henergy resources),
the most extreme (continued dependence upon fossil fuels), and the most environmentally friendly
(predominantly nodossil fuelbased @ergy usage) scenariogspectively (Tabor & Williams, 2010).
ENManalyses wereonducted for each species for all three models for the years 2050 and 2090.

Models were projected to a region including lowa as well as adjacent states. The projection
region was selected to provide a wider view of potential invasivenessk(owledge of the potential for
a species to invade adjacent regions in the near future may provide an indicator of invasive potential in
lowa itself).

Resultdor current climaticconditions and model A1B are presented with each species report.
Results from models of scenarios A2 and B1 are presented as supplemental material at the end of this
report.
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3.2 Algorithms & Model Parameters

Modeling was conducted using the two mosinamon ENM algorithms: Genetic Algorithm for
RuleSet Production (GARP; Stockwell & Noble 1992, Stockwell & Peters 1999) and Maximum Entropy
(MaxEnt, Phillips et al2006). GARP was run through the free program openModeller
(http://openmodeller.sourceforge.net/index.php?option=com_frontpage&ltemiflahdset to conduct
100 runs for 1000 iterations. A soft omission threshold was set for 20% with a commission lidh@fsho
50%. Training percent ranged for-80% depending upon themount ofspecies occurrence data
available. Optimization parameters were left at the default settings. Replicates were bootstrapped and
the twenty best model subsets retained for analysi#axEnt models were set to 10 runs of 1000
iterations with bootstrapping. The remaining default settings were accepted.

3.2 Analysis

Model outputs were thresholded to a minimum training presence. Training points were
compared to the predicted suitabilitypf each model within the training region. The minimum suitability
value obtained (or theB0" LIS NDSyYy i At S RSLISYRAYy3I 2y GKS aLISOASao0
threshold. This suitability value was then applied to all model projections to deterangzes of
suitability. A partial ROC analysis was conducted for each algorithm run to assess model significance
(Peterson et al. 2008).

Using multivariate climatic similarity measures, the climatic envelope of Veagaquantified
and compare to that of the entire globe.To do this, the Euclidean distance of each climatic point in
lowa to the rest of the world (or another desired geographic extent) in a standardized environmental
space (e.g., using pripal components as variables) was measured. dlfogvedfor the quantification
of the climaticsimilarity between the climate of lowa and any target geographical region in the world.
The method utilized is a form of, but less arbitrary than the emvitental similarity metrie;
Multivariate Environmetal Similarity Surface (MESSJrom Elith et al. (201Q)llowingfor a clearer
mathematical and biological interpretation (in prep).
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4. ECOLOGICAL NICHE MODELLING: INDIVIDUAL SPECIES RESULTS
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4.1 ROUND GOBMdogobius melanostomys

The Round gojg Neogobius melanostomuss a benthic fish native to the Black and Caspian
Seas thatlike other gobies, is tolerardf a wide range of environmental conditiofdude et al. 1991)
This species was introduced to the Great Lakes via balist from the Black Sea, asdccessfully
established breeding populations in the area by the early 1980de et al. 19915ince then, &ind
gobies have expanded their range as far south as the La Grange Reach of the lllinois River, 178
miles from Lake Michigafirons et al. 2006)In the ecosystems to which they have been introduced,
Round gobies compete with native benthic fishes for food and halitay are voracious predatorsf
native benthic fishes and mussels. Studies have shown thatdRgobies pose a direct threat to seven
endangered native species (one fish and six mussels) in Great Lakes triitads®t al. 2010)

Round goby ocauence data were acquired from FishBassv{v.fishbase.oryy the Global
Biodiversity Information Facilityvvw.gbif.org, and the National Institute of Invasive Species Science
(www.niiss.ord. Once the data quality control as described in the parameter standardization section
was completed, sidatapoiri & Ay (KS & LJaAsS pdints iA itsdldni@egranyd iy Nb$h
Americaremained. Owing to the greater robustness of the North American (invaded region) dataset,
these locality data were selected for use in modeling. 37 data poaiete set aside for extrinsic model
verification as described abovepdthe remainder (148)sedin model training The training region (M)
that was employedncorporateda combination of the extent of the natural Great Lakes drainages as
acquired from the Great Lakes Information Network (glin.net) and a buffer of 1 degree around the
locality points ofndividuals that dispersed out of the Great Lakes basin via the Chicago Sanitary and
Ship CangCharlebois et al. 2001)

Both GARP and MaxEmodelsindicatea band of suitabilit stretching from east to west across
the state at present, although the GARP suitability band extends fatthée north than that of
MaxEnt. Both models predict a severe retraction of suitability due to climate change in southern and
central lowa, wih only small patches of suitable environments persisting in eastern and northeastern
lowain 2050. However, the models disagree in the 2090 projections, with GARP projecting high climatic
suitability statewide and MaxEnt indicating zero suitability ifbatla singlepersistent area ithe
northwestalong the Big Sioux River draingd&éure 1). Projections indicate minimal suitability for both
of the more extreme scenarios (Figure$ 8nd &).

Regarding potential invisibility in low#js unlikey that, , given the long stretches of unsuitable
rivers between its currendistribution and the Big SiouRound gobies could disperse to the Big Sioux
on their own Howeverthe species may indeettrive in the event of artificial introduction
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Figue 1. MaxEnt and GARP climatiaitability projections for the Bund goby Keogobius
melanostomuyin lowa for the present and the BCCR model scenario A1B in the years 2050
and 2090.
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4.2 NEW ZEALAND MUDNSARIatémopyrgus antipodarum

The New Zealanahudsnail Potamopyrgus antipodarujris an aquatic snail originally native to
the lakes and rivers of New Zealand and the proximal islakdmall species, it reachagnaximum size
of 67mm and has a generation tinmanging from 6 months t6é years.Mudsnals occurin sexually
reproductive and parthenogenic (clonal) varietibsth of which reproduce to high densities, with each
snail capable of producing upwards280 offspring annuallgAlonso and CastrDiez 2008

The New Zealand mudsnail has dispersed well beyond the reaches of it native range and is
presently found infasmania, southeastern Australia, much of the western United States, and Japan
(Alonso and CastrDiez2008) More recently, it has been documented in Lake Ontario, Lake Erie, and
Lake SuperiofBenson and Kipp 2011The speciebas a very flexible niche preference resulting from
high phenotypic plasticitfDybdahl and Kane 2009 riorstudiesindicateit to be a species of ecological
concernowing toits tendency to reproduce to very tiglensities. Because of high production raies
hasbeen shown tgossessignificant competitive impact on native snail species in the United States
(Hall, Dybdahl et al. 2006)

Georeferenced presence dataere obtained through GBIF (www.gbif.org) and cleaned for
duplicates and errors beyond lammdasses or in desertéfter appropriate curation, 511 points were
used for model training and 12&served for model testing using partBOC analysis. The training
region for the models was generated using-dedjree buffer around the presence points in Australia,
Tasmania, and New Zealgrmtoducing a contiguousative range, connecting all points on each island
respectively. Outputs obtained from the models were #tielded to the minimum 1Dpercentile
training point to account for errors in the accuracy of the occurrence data. Pixels that had suitability
values above this threshold were coded as a potential presence; otherwise they were coded as absence.

Across dlmodelsthe New Zealand mudsnail appears to haeeoto limited invasive potential
for lowa or the surrounding regions (Figures-3, $4). This trend was conserved across modeling
algorithms and climate change scenarios. Each model showed stalyssicaificant predictions of
reserved presence points in the native range (MaxEnt and GARP, p<0.01). Despite the models being
predictive of points within the native range, the models fail to capture points of known occurrence
within the projection regionNo region in Minnesota nor lllinois wagssglicted suitable, despite
validatedoccurrencs in bothstates(Benson and Kipp 2011j is likely that the undeprediction of
both modeling algorithms is being promoted by the high phenotypic plasticity of the species.

Even in environments outside pative range parametershe New Zealand nasnailinvades
easily. Ideally, the availability of better presence data within the United States would lend to a more
informative models for lowa and the surrounding statétowever, until such data is availatib
improve modeling outputs, a proactive and vigilant approach is recommended when considering the
invasive potential of the New Zealand mudsnail in lowa.
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Figure 2. MaxEnt and GARP climatic suitability projections for the New Zealand mudsnalil
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4.3 RED SWAMP CRAYFE#ddambarus clarkiaGirard 1852)

TheRed swamp crayfisfPfocambarus clarkiGirard 1852) was selected for invasion risk
assessment in lowa due to its history of colonization in+mative regions. Described by Barbaresi and
DKSNI NRA OHnnASADE &BINS ABESHMpIRBIBIONSrashwateri KS  w
decapod native to theouthcentral United States anabrthern Mexico. Throughout the 1900s, the
species was purposefully introduced to nuroes states throughout the soustastern US and other
countries for aquacultural endeavors. Escape of individuals from rearing enclosures were common and,
in some region (eg., Spain)local farmers and fishermen purposefully assisted the dispersal of the
species into local waterways. The species is now fully established on all continents excepting only
Australia and Antarctica (Gherardi et 2000, Aquiloni et al. 2(8).

The successful colonization of noative habitats byP. clarkih & f F NASf & | NBadzZ i 2
physiology and behavio. clarkiK & I Gwé NBLINBRdzOGA GBS aGNI GS3esx Ay
maturation, and high fecundity (Barbaresi and Ghidir 2002, Correia 2002, Hernandez et al 2007).

Other dominant factors enhancing the species invasive potential includedingiivorous feeding
strategy¢Red crayfish are known to consume detritus, plants, and animal products such as aquatic
macrainvertebrates and amphibian eggs (Correia 2002, Hernandez 20@f); a general disease
resistance, and a documented active dispersal behavior with cyclical periods of high activity interspersed
with sedentary periods. Despite being classified frieshwaterspecies, Bd crayfish are capable of
tolerating slightly saline water, waters with low concentrations of dissolved oxygen, periods of draught,
and a broad range of water temperatures. They have been found in habitats ranging from natural
waterways and sams to intermittent streams, irrigation ditches, agricultural areas and ephemeral
water bodies (Barbaresi and Gherardi 2000, Correia 2002, Hernandez et al. 2007). Though considered
an extensive burrower (and known for destroying rice crops and the viégetzommunities of invaded
region due to burrowing), a small scale study of invaBivelark in Portugal (Aquiloni et al. 2005) found
that an inability to burrow (due to lack of appropriate substrate) did prathibit invasion potential.

Crayfish instad utilized complex microhabitats and could be found hiding beneath rocks and
within/underneath dense aquatic and shoreline vegetation (Gherardi.&0410).

In modeling the Bd swamp crayfish for its invasive potential in lowa, the most robust datasets
were those from invasive populations in Europe. Presuming that use of the invaded regions provides a
greater characterization of the species niche, this dataset was utilized. After performing the quality
control measures as outline in the methodology, 1que locality points were available for training.
Data points were buffered with a 2 degree buffer and run with the standardized piojgzarameters
for both the GARP and MaxEnt algorithms.

The two algorithmgieldedvastly different projections ofuitability. GARP, which consistently
performed better than randomindicated increasing areas of suitability acrtmsgafor all three model
scenarios with the progression of time. MaxEnt projections appeared to underfit the model, indicating
little to no suitable regions within lowa for even the most extreseenarios and performing with a
reliability approximately equivalent to nraom (Figure 3, &, S6, Table 1).In regards to lowa,
considering the invasion history of the speciéss strongly reommended that natural resource
planners pay considerable attention to the invasive potential indicated by the GARP models as these in
O2YoAYylFdA2Y GAGK oF O]l ANRdzy R 1 Y 2 priorsdorifatior SticceskK S a LIS O
across five contines appear an acceptable projectiontof® O fpéteNtlalinkaSiveness within the
state.
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Figure 3. MaxEnt and GARP climatitability projections for the Bd swamp crayfishRfocambarus
clarkii) in lowa for the present and the BCCR model scer€lridin the years 2050 and 2090.
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4.4 ASIAN ROCK POOL MOSQUH&des japonicus japoniclis

The Asian rock pool mosquitdgdegaponicis), native to Japan and Korea, is a knaarrier of
several diseasesnost notably West Nile Virad La Crossdrus. Detected nitially inthe states of
ConnecticutNew Yorkand New Jersey in 1998e species hasinceexpanded its range tmclude27
states includinglllinois (Morris et al. 2007), Wisconsin (Hughes et al. 2008), Minnesota (Neitzel et al.
2009), lava (Dunphy et al. 2009), the Pacific Northwest (Irish and Pierce 2008) and Hawaii (Larish and
Savage 2005) (see Table 1 in Morris et al. 2007 for a chronological histarjapbnicusn North
America). Acording to Dunphy et al. (2009), the Asian r@dol mosquitois aforest dweller.In its
native habitat, lavae have been reported in humdabricatedstoneand earthenware containers, in
holesin bamboo stumps, and in streamside rock poolstdinvaded habitat itlNorth America, larvae
have been fond in natural treeholes, streamside rock pools, tires, and other artificial containers.
Known bloodhosts include birds and mammals primarily (see references in Dunphy et al. 2009).

Available datasets fdhe Asian rock pool mosquitmere limited. A t¢al of 23 unique
occurrences were downloaded from the Mosquito Map data potiéth(//www.mosquitomap.org/)
after removing environmentally redundant data to a resolution of 2.5 minutes using ENMTools
(http://fenmtools.blogspot.comj. This was the onlipcality data available to the research team at the
time model analysis, and corresponds to a very limited subsection of the species known invaded range
(Washington andllinois).

During a study conducted in 20@D08,Dunphy et al. (2009) repat the presence of the Asian
rock pool mosquitan 12 counties across the stabé lowa. The species was positively identified in
Allamakee, Black Hawk, Clark, Dubuque, Johnsmasl.Linn, Polk, Scott, Story, Webster, and
Winneshiekcounties;voucher specimen areoused at thdowa State Insect Collection (lowa State
University [ISU], Ames, IA)yhese occupied regions were accurately predicted as suitable during the
modeling execise by both algorithms indicating that despite the low number of locality data available,
model training was adequate. While both GARP and MaxEnt accurately project current distributions of
the species (MaxEnt indicates a band of suitability acrosentiee southern portion of the state), for
future scenarios, the projections are incongruent. GARP projects no further advancement of suitable
environment, even in most extreme scenarios, whereas Magiggess a continued expansion of
suitable climatie@nvironment eventually covering almost the full area of the projection refftagures
4, S7, S8). Considering the current documented presence of the species within the eastern portions of
the state, and the rapid expansion of distribution since itsoiid the US, further spread of the Asian
rock pool mosquito within the state of lowa is likely.
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4.5 PARROFEATHERyriophyllum aquaticum

Parrotfeather Myriophyllum aquaticupis aperennial freslwater herb nativeto Argentina,
Bolivia, Brazil, Chile, Ecuador, Paraguay and Rempable of growing both @ssubmerged oan
emergent plantit is well adapted to high nutrient water bodies and can be commfmigd in
freshwater lakesponds, slow streams argnals Parrotfeather tends to go dormant during the winter
season, dryingp into rhizomes whiclassist in regeneration the following summer; rhizomes do not
store carbon ophosphorusand are thus incapable of survivingmme winter conditions (Wersal, et al
2011).

Popular worldwide as an ornamental and for use in aquariums, Paratiier has been
dispersed largely via anthropogenic influence and presently has established populatioghin
America, Africa, Asia, Europe and AustrgisD 2005 he species was introduced to the United States
(New Jersey) in the late 180@selson and Couch, 198&hd, since that time, has rapidly expanded
across the countrySutton, 1985) Parrotfeather is currently found throughout the east coast, the
south-east and soutkwest, the Pacific northwest, California, Texas, Okalahoma, Kansas, Missouri, and
Hawaii. Parrotfeather is ebisexualkpecies and alhvasive populations anaherently female; further,
new plants propagate quickly from cuttings.

Parrotfeather occurrencelatawere compiled fronthe Global Biodiversity Information Facility
database \Www.gbif.org) and speciesLink (http://splink.cria.org.br/). A total3& unique ocurrence
points within the native range were available for use in modeling analyses post cug@&®points
utilized in model training and 7 points reserved for parR&C analysed he training area was masked
by overlaying the occurrence points oretphysical map of South Ameriaad using a 1 degree bufter

PartiatROC analyses of the model training indicate model performance to be significantly better
than random, however the two algorithms, GARP and MaxENT, show little congruence in modeling
results. GARP predicted zero to minimal climatic suitability for Pdeather within lowa for all
modeling scenarios. MaxEnt projections portray the opposite, indicating eventual climatic suitability
across nearly the entire state of lowa for all modekegnarios, excepting the upper nosivestern
region and a few patches in the nortientral region(Figures 5,-9, S10). It is likely that inconsistencies
in model projections are due to the use of a limited dataset. As RPégather populations arewrrently
found in the nearby states of Missouri and Kansas, invasion potential is possible if anthropogenic
influences are not controlled and alterations in future climate continue to include milder winters that
Parrotfeather rhizomes may survive.
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Figue 5. MaxEnt and GARP climatic suitability projections for péesiher Myriophyllum aquaticur
in lowa for the present and the BCCR model scenario A1B in the years 2050 and 2090.
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