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ABSTRACT 

In this report I provide information about Wisconsin lake 

plants that can be useful to aquatic ecologists, lake manag- 

ers, and educators interested in the ecology and proper 

management of the lake-plant resource. Because the infor- 

mation presented here is open to interpretation, the report 

does not dwell on interpretation—readers can use the in- 

formation in ways that fit their needs. 

For this report I gathered and synthesized informa- 

tion from herbaria and from the literature to describe the 

habitat patterns of Wisconsin lake plants. I examined these 

patterns by studying each plant’s geographic distribution 

and distribution with regard to physical and chemical pa- 

rameters, including water depth, pH, total alkalinity, con- 

ductivity, substrate preference, and turbidity tolerance. I 

compared species distributions along gradients of physical 

and chemical parameters and similarity of habitats. 

Geographic distribution within Wisconsin, flowering 

and fruiting dates, and associations with other lake-plant 

species are shown on a species-by-species basis. Geo- 

graphic distribution information allowed plants to be 

wD placed in an ecoregional context within the state and spe- 

mi cies distributions to be compared to generalized gradients 

) | of summer total phosphorus, sulfate, magnesium, total al- 

| \ I kalinity, chloride, and calcium in Wisconsin lakes. 

| \] we Most lake plants in Wisconsin are infrequent to com- 

| | | | mon and are found over a limited to moderate range of 

| | | | | habitat conditions. A few are rare and have a limited habi- 

\\ | | | tat range; these species are likely to need protection. Some 

| | | | | species are abundant and can thrive over a broad range of 

| Hl | i habitats—these species are most likely to cause aquatic nui- 

| i i | | sances. Species that have a limited distribution in the state 

| Il I | \ are often at the northern or southern edge of their distribu- 

| | \ } tion range or their preferred habitat is found only in a 

AWE single ecoregion. Most species are common in the 

AN ENN ecoregion(s) in which their preferred habitat is found. The



descriptions of species habitats in this report can be used in tin, 1990; Nichols and Vennie, 1991) of publications de- 

combination with information from other studies to build a signed to increase the understanding of lake-plant biology 

regional, continental, or global perspective of species habi- and to help protect and manage lake plants in the future. In 

tats. this volume I report the distribution patterns of lake-plant 

Most physical-chemical distributions are skewed to- species; this method of describing habitat can lead to hy- 

ward low values (shallow water, low alkalinity and conduc- potheses that can be rigorously tested in the field or labora- 

tivity, and so forth), and the minimum values where species tory. 

are found are much more similar to each other than the Wisconsin has a diverse lake flora (Nichols and Mar- 

maximum values are to each other. Skewed distributions in tin, 1990). Each species has limits to the habitat in which it 

Wisconsin could be strongly influenced by the limited will thrive and survive. Species with similar habitat require- 

choice of habitat that the plants have to grow in when ments tend to grow together, but because the number of 

compared to a broad range of habitat over their entire dis- environmental factors that may influence plant growth is 

tribution range. Species having similar habitat require- large, no two species have exactly the same habitat require- 

ments are not necessarily found growing together; habitat ments. Studying the ecology of each species in each lake 

similarities do not predict species associations very well. would be a never-ending task. However, studying how 

plants group themselves gives insights into the needs of the 

OVERVIEW group, if the habitat requirements of some group members 

. are known. 
Introduction : Wir StH ; 

For example, consider the “isoetid” species. They are 
Lake plants as a group are not well understood, but the a group of small, rosette plants, including Eriocaulon 

need for understanding them is great. The role they play in aquaticum, Gratiola aurea, Isoetes lacustris, Litorella uni- 

littoral zone ecology is increasingly being appreciated flora, and Lobelia dortmanna, that are found in low-alkalin- 

(Engel, 1990; Carpenter and Lodge, 1986). Lake plants ity lakes of northern Wisconsin. These species have unique 
can have positive and negative impacts upon lake use, and a mechanisms for obtaining and conserving carbon for pho- 

few cause nuisance conditions, especially in some of tosynthesis (Adams, 1985). Not all plants found in this 

Wisconsin’s largest and most heavily used lakes. Much re- habitat have been studied and they are a taxonomically di- 

search has been conducted for a limited number of species, verse group, but they all need some mechanism for obtain- 

generally about those that are the worst aquatic nuisances ing carbon in a low-carbon environment. The mechanisms 

or those that make particularly interesting laboratory sub- already known would be suspected in the unstudied species 

jects. Protecting the resource and managing it for beneficial because the species are functionally related for dealing with 
purposes, yet meeting lake-user demands for increased wa- éieccamne habiexclinieatons: 

ter-based recreation, make aquatic plant management in- Many of the species studied are widespread. This te- 

creasingly complex and an understanding of lake-plant port helps define the habitat of these species over a limited 

ecology increasingly important. part of their range and complements other studies (Crow 
This report is the third in a series (Nichols and Mar- 

2 3
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and Hellquist, 1981, 1982, 1983, 1985; Hellquist and a ne te Fusioe sities 
Crow, 1980, 1981, 1982, 1984; Pip, 1979, 1984; Beal, Me) OOS 

1977; Kadono, 1982; Moyle, 1945; Seddon, 1972; Hutch- te By , A 1 te: “ale 2 . 

inson, 1975) to build regional, continental, and global per- pe Ty ey i ahs pone f 

spectives of plant distributions and habitat requirements. ee 2 ; " 4 ; sues = { 

This may be especially important where habitat require- Es be J Seced $ ee See” ef ot y 

ments differ because of ecotypic variation. ah E os = a i a = 4 a 

It is not the purpose of this report to revise the tax- Hf Ries : aos Eo ¢ 

onomy of any species or plant group. Taxonomy is dis- ie 2 i ‘ is ( erg ea 

cussed where needed to clarify environmental interpreta- FS 4 se \ oat F. 2 et 

tions or to aid identification of particularly difficult-to- be | iE ng ae 4 ee x 

identify species. yo fi } GE Pe 72 J a : : 
Many plant-identification manuals provide informa- i Rat eR es Ra Dd, x 

tion about the habitat in which plants are found. Descrip- es pee < nd Se 

tions, especially those found in Voss (1972, 1985), Crow a ails Pees A Wn. 

and Hellquist (1981, 1982, 1983, 1985), and Hellquist and Figure 1. Landforms map of Wisconsin, showing general distribu- 

Crow (1980, 1981, 1982, 1984), supplement the informa- tion of lakes. 

tion found here. The difference between those descriptions 

and the ones provided here lies in the statistical analyses flect the landscape in which they are found, so it is impor- 
placed on observations in this study. tant to understand the patterns in that landscape before 

This volume is a pioneering effort rather than a final looking at the distribution of individual species. 

definitive report. It is in part a plea for investigators to look Omernick and Gallant (1988) divided the state in 

more closely at lake plants. Careful observation and good five relatively homogeneous areas that they called 

records in accessible locations will greatly aid the further ecoregions to serve as a framework for resource manage- 

refinement of the information presented here. Even if later ment: the Northern Lakes and Forests, North Central 

studies show that the information presented here needs Hardwood Forests, Southeastern Wisconsin Till Plain, 

major revision, the report has served its purpose if it stimu- Driftless Area, and Western Corn Belt (fig. 2). They de- 

lates investigators to study this interesting component of veloped these regions on the basis of a combination of 
the natural world. land-use factors, surface landforms, potential natural veg- 

etation, and soils. Although general, these regions were 

The setting: Patterns in the landscape useful to this study because many aquatic plant species are 

Because of its approximately 14,500 lakes (fig. 1), which broadly tolerant of environmental conditions. 

vary widely in size, shape, morphometry, chemistry, and The Northern Lakes and Forests Ecoregion contains 

mode of origin (Lillie and Mason, 1983), Wisconsin is a the majority of the state’s lakes. Most Wisconsin lakes 

good setting for the study of lake plants. Lakes largely re- greater than 10 ha in area and more than 2 m deep are lo- 
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cated in this region. Lakes in this ecoregion generally have There are not many lakes in the Driftless Area Ecore- 

low levels of calctum, magnesium, chloride, turbidity, nu- gion. [hey are mostly shallow, eutrophic impoundments. 

trients, and chlorophyll a (Lillie and Mason, 1983). Many Generally, water quality is poor. Such a small area of the 

lakes are brown stained and have low pH. Western Corn Belt Ecoregion is found in the state that it 

Many lakes in the North Central Hardwood Forests was not considered in these analyses. 

Ecoregion are less than 40 ha in area. Alkalinities there Water quality varies considerably between the 

closely resemble those of the southern regions; nitrogen, ecoregions. A high percentage of lakes in the Northern 

phosphorus, chloride, turbidity, chlorophyll a, and water Lakes and Forests Ecoregion has good water quality. Each 

clarity are similar to those found in northern regions (Lillie region has some lakes that have poor water quality, and 

and Mason, 1983). Water quality is generally very good in each lake has some unique characteristics. ‘The best water 

this region. quality and clarity, although perhaps not the best condi- 

2 850 High alkalinity, calclum, magnesium, tions for plant growth, are coincidental with low nutrient 

Wee and pH levels are characteristic of the levels (Lillie and Mason, 1983). Depending on size, shape, 

Southeastern Wisconsin Till Plain Eco- depth, stratification characteristics, water sources, drainage 

region (Lillie and Mason, type, and watershed characteristics, a lake may or may not 

1983). Water quality reflect regional conditions. 

Northern Lakes and Forests and clarity are Patterns of specific factors can be defined in more de- 

3 generally tail when treated separately. ‘These factors often correspond 

4 below state- generally, but not precisely, with ecoregions. Maps show 

wide aver- summer total phosphorus (fig. 3; Omernick and others, 

North Central ages, but water 1988), sulfate, magnesium, alkalinity, chloride, and calcium 

XS Hardwood Forests quality varies (figs. 4-8; Lillie and Mason, 1983). ‘These factors are either 

Corn Belt considerably. discussed in this report, discussed by other authors as an 

(| High human important cause of plant distribution (see references to re- 

population levels gional studies in Introduction section), or form a component 

oriftless Aren are found here; of a factor discussed in this report or by other authors. I ex- 

Southeastern consequently, amine the factors in conjunction with plant-distribution 

Woke these lakes are patterns to help refine more general distribution informa- 

most likely to suf- tion by ecoregion. 

fer trom human Species described 
Figure 2. Map of Wisconsin, showing Omernick and impacts. CO 
Gallant (1988) ecoregions’, In this report I describe only plant distributions in lakes. 

To be considered a lake, a water body had to be classified as 

' Figures 2-8 are drawn at the same scale as the plant-distribution maps. a lake or impoundment in the Wisconsin Department of 
Photocopying these figures on clear acetate provides an easy way to 

‘ view species distributions in relation to various habitat factors. 7
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Generalized _ Generalized 

distributional 5 distributional 

gradient of * gradient of sul- 
Summer total . 

summer total phosphorus in yp/L fate of Wiscon- Sulfate in mg/L 

phosphorus of 10-14 sin lakes (after less than 10 

Wisconsin lakes 15-19 Lillie and Ma- 10-20 ( 

(after Omernick = onze (ee son, 1983). {20-40 ; 

and others, lm 30-50 [BB greater than 40 . 

1988). TH greater than 50 

Natural Resources Surface Water Inventory. Neither 

aquatic plants nor lake plants have been precisely defined ‘ a 

(Curtis, 1959; Beal, 1977). The species I describe were oe MAGNESIUM 

taken from a list (Nichols and Martin, 1990) developed by 

compiling species found in a variety of lake-plant surveys. 

To this list were added submersed, floating-leaf, and free- 

floating species found by Read (1982); deleted were emer- 

gent species that were found in less than 2 percent of the @ 

lakes in the Wisconsin lake plant database of Nichols and ag 

Martin (1990). For this report, a lake plant is a plant that Tay 

was found by people doing lake surveys. They are mostly Fioure§ 4 jay 

plants that could be sampled or collected from a boat. a =” ne alive 4 / 

This list is dynamic. Armoracia lacustris (A. Gray) Al- distributional 7 

Shebaz & V. Bates and Ranunculus gmelinii DC., for ex- gradient of \ 

ample, were on the original plant list, but they are not in- magnesium of — Masnesiuminmgl { y 

cluded here because no distribution records could be Wisconsin ese eo y 

confirmed for lakes. Recently, however, 4. /acustris was col- ns (afer [my 20-40 8 

lected in the Peshtigo Flowage in Oconto County (R. Muvon.” 1983)  ereatenthan40. \ 

Krueger, written communication) and Rotala ramosior (L.) , , = 
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(after Lillie gl sresterthan 30 nane Lillie and 
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1983). 1983). aN 

Elliott was collected in the summer of 1994 as a 

submergent species in the Rainbow Flowage, Oneida nda! 

County (Weber and others, 1995). When reports confirm = CALCIUM 

additional species, they should be added to the list. 

Naming of plant species follows Gleason and Cron- 

quist (1991), who consolidated the taxonomic literature 

and tended to lump species that were previously difficult to 7 ° 

identify. ) Ly @ 
4 

DIsTRIBUTIONS 

Me : Aquatic plants are not evenly or even randomly distributed Figure 8. 
across the state. Habitat preferences of common plants are Generalized : 

easy to describe because information is readily available. dishibstiondl . 

However, information about rare plants is much more lim- gradient of cateiumo met 
> P ° calcium of less than 10 

ited, and describing their distributions and habitat prefer- Wisconsin I 10-20 : 

ence is more tenuous. lakes (after [20-40 

Information about depth distribution, substrate pref- Lillie and HH greater than 50 gg 
erence, or common associates involve habitat close to the — 
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plant, but broad geographic areas must be considered when 72 Wisconsin counties is represented) and offers the ability 

determining distributions related to chemical factors. Scale to study plant communities in lakes. Although recognized 

and ecosystem hierarchy also need to be taken into account authorities like Norman Fassett, John Steenis, and Neil 

in analyses describing habitat factors (Farmer and Adams, Hotchkiss conducted many surveys included in the data- 

1991). For this report I used some measurements that were base, there are limitations to the quality control of survey 

taken within the square meter within which the plant grew; data. In many instances voucher specimens were not placed 

others were recorded for the lake where a plant was found. in herbaria; therefore, the accuracy of identifications cannot 

Where data were less available, I compared the pattern of be verified. Some of the records used in this database were 

plant distribution to regional patterns of water chemistry, collected by the Wisconsin Department of Natural Re- 

such as calcium ion or mean summer total phosphorus. sources for the assessment of potential scientific areas or the 

Scale and hierarchy must also be considered when in- status of rare, endangered, or threatened plant species. 

terpreting the results. Consider Typha /atifolia and Scirpus A second database was developed from herbarium 

validus. Photosynthetically, these emergent species should specimens from University of Wisconsin—Madison, Univer- 

have no problem growing in turbid water, but they do not sity of Wisconsin—Milwaukee, University of Wisconsin— 

show a positive association with turbidity (Nichols, 1992). Oshkosh, University of Wisconsin—Stevens Point, Univer- 

Turbid water may indicate other limiting factors, such as sity of Wisconsin—La Crosse, Milwaukee Public Museum, 

abundant carp (Cyprinus carpio) or strong wave action. and the private collections of Susan Borman (Wisconsin 

Similarly, calcium ions could determine the ability of a lake Department of Natural Resources) and Galen Smith (Uni- 

to support or not support snails that browse on certain versity of Wisconsin—Whitewater, retired). Plant distribu- 

macrophytes. Snail populations could determine the plant’s tion data came from 1,142 lakes. When compared to a ran- 

ability to thrive there. In these cases, the plant may be lim- dom data set of Wisconsin lakes (Lillie and Mason, 1983), 

ited at a different hierarchical scale than is defined by the the lakes in this group were slightly larger in area, slightly 

immediate physiological tolerances of the plant. more alkaline, and similar in pH. 

In this report I do not necessarily make these inter- The advantage of using herbarium specimens is the 

pretations, but report the results of a series of tests. These ability to confirm species, but often collections are made 

results may seem unusual on the basis of present knowl- from limited geographic areas. Combining the two data- 

edge, but present knowledge is limited. bases provided good geographic coverage of the state and 

assessed a broad spectrum of lake-habitat conditions. 
Database development In addition, inf tion about depth distributi 

n addition, information about depth distribution, 

Data sources substrate preference, turbidity tolerance, and associated spe- 

I developed two databases for determining species distribu- cies came primarily from Nichols (1990, 1992), in which 

tions. One database, which describes the vegetation in 448 the data sources and analysis techniques are explained. 

lakes, is based on information taken from the literature Physical and chemical data for each lake in which plants 

cited in Nichols and Martin (1990). The database covers a were found were taken from the Wisconsin Department of 

wide geographic area (at least one lake each from 50 of the Natural Resources Surface Water Inventory. 
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Search strategies Because of the search strategy used, the distributions 

It is probably neither possible nor necessary to record every shown in this report differ from those found in many tradi- 

occurrence of every lake plant in the state. Any effort to do tional plant-distribution maps. ‘I'he mapping and plotting 

so is outdated with the next new collection. objectives were to link plant locations to lakes with defined 

For this report, I developed a search strategy that first habitat and locational attributes. The habitat and locational 

recorded all plants of interest in the University of Wiscon- attributes of these lakes help define plant habitat by show- 

sin—Madison herbarium and the previously described litera- ing statistical distributions of habitat characteristics or by 

ture database (Nichols and Martin, 1990). Preliminary placing the plant in an ecoregion or area of the state with 

analyses of these data indicated that interpretable distribu- known habitat characteristics. Traditional range maps often 

tion patterns began to appear when a species was found in place a locational point in some geopolitical region that 

approximately 20 lakes; therefore, if the above data sources may or may not relate to habitat. 

yielded 20 separate and useable locations (see next para- Plant distributions in two significant water bodies 

graph for a definition of useable location), more records were consciously ignored: in the Great Lakes and in the 

were not collected for that species. Further efforts were fo- pools of the Upper Mississippi River. These water bodies 

cused on undercollected species. When a new data source cross many ecoregions, and collections are much more dif- 

was used, all records for a species in that source were col- ficult to link to specific locational or habitat characteristics. 

lected. Collections would not stop at 20 locations, but in- Extensive aquatic plant information for the Upper Missis- 

formation for that species would not be collected from sub- sipp1 River is available from the U.S. Geological Survey 

sequent data sources if the total number of separate and Biological Resources Division (Sara Rogers, National Bio- 

useable locations for a species exceeded 20. Sample-size logical Service, Onalaska, Wisconsin, verbal communica- 

goals were not always met, especially with rare or undercol- tion, 1995). 

lected species. These species were included in the report, Data handling 

but less can be said about their habitat requirements and , Lo, 
d The data were entered in an R:BASE* (Microrim, 1987) 

with less confidence than for well represented species. 
database-management system. The files were sorted by spe- 

A useable location was one that could be identified as ; , ; 
cies and the literature and herbarium data were combined 

a water body found in the Wisconsin Department of Natu- , , oo 
for most analyses. For geographic and chemical distribu- 

ral Resources Surface Water Inventory. This was necessary , . . a 
— tions, duplicate data were deleted to eliminate any bias in- 

for assigning habitat and locational attributes to the collec- . , 
 t. This definit: ¢ ble elim; j troduced by having multiple occurrences of a plant in a 

tion point. [his definition of useable eliminated some in- ; , 
P lake. If a plant was found in a lake from herbarium and lit- 

formation because poor locational data did not allow plant 
erature sources, the occurrence was noted as a herbarium 

occurrence to be linked to a specific lake. It also eliminated o. 
record. Because of the search strategy used, some distribu- 

the use of some regional studies that reported plant loca- , , 
hic basis (f le. b \. but did tion points noted as literature sources may have voucher 

tion on a geographic basis (for example, by coun ut di , , , 
Bosra Pity bY y, specimens in herbaria that were not searched for that spe- 

not give exact location by lake. 
cles. 
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All phenological records are based on herbarium Depth distribution and water chemistry 

specimens. To avoid unfair bias, duplicates that were obvi- Boxplots (fig. 9) illustrate depth distribution and water 

ously replicates of a single collection were eliminated. chemistry. There are several advantages to using boxplots 

However, two or more plants collected from the same lake (Reckhow and Chapra, 1983). Boxplots use medians as the 

on the same day were retained for phenological analysis if measure of central tendency. Medians are robust and effi- 

they displayed different phenological characteristics (for in- cient under non-normal distribution conditions (Reckhow 

stance, one plant might be flowering and the other in fruit). and Chapra, 1983), which is often the situation for these 

Mediudle, anabues, anddeBaidons distributions. Medians are also not strongly influenced by 

Co outliers. These are important considerations for cases in 

Geographic distributions ° which several sources of potential error, such as mis- 

Distribution maps were plotted using PC ARC/INFO identified species, nonrepresentative water samples, or 

(Environmental Systems Research Institute, 1990); sym- data-entry error in large databases, could influence data 

bols indicate whether the source of the data was a her- analyses and interpretation. Median statistics minimize 
barium specimen or a literature citation. Herbarium sources problems caused by these potential errors. 

were preferred because they can be confirmed. Uncon- The notch shows a. contdence interval forthe we 

firmed data were considered most suspect when a distribu- dian. The definition of notch by Reckhow and Chapra 

tion point lay far outside the range shown by the confirmed (1983) was used in this study. It provides an approximate 

data. 95 percent confidence interval for comparison of medians. 

Luse the terminology of Nichols and Vennie (1991) The endpoints of the boxplots were either the maxi- 
to describe the abundance of plants and indicate how fre- mum and minimum values or were trimmed to the positive 

quently a species was found by Nichols and Martin (1990). and negative inner fence (Minitab, 1991), whichever values 

A species was abundant if found in 35 percent or more of were the least. This further reduces misinterpretation 

the lakes surveyed; common, in 15 to 34 percent of the lakes; caused by outlier data and displays the distribution for the 

infrequent, in 2 to 14 percent of the lakes; rare, in less than species on the basis of the most typical of approximately 90 

2 percent of the lakes. The species abundance in lakes does to 100 percent of the distribution points. The influence of 

not necessarily reflect its total abundance in the state’s flora. this is clearly seen with depth distributions. Najas flexilis, 

Some plants that are only infrequently or rarely found in 

lakes could be common in streams, marshes, or other / 

aquatic sites. It also became obvious when working with _tpmect alee median cuaitlé nee 

these plants that some species are undercollected or under- mm | 

reported. This sometimes occurs with species that are so 4 

common that people do not bother to record or collect notch 

them. It is noted in the species descriptions if this appears Figure 9. Generalized boxplot construction showing the loca- 

to be the case. tion and pattern used to display depth and chemical distribu- 

tions. 
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for example, has been reported in water depths greater than Table 1. Flowering and fruiting times and their weights for av- 

7 m (Nichols, 1992). The positive end point plotted here is eraging. 

3.2 m. Any plants found in depths greater than 3.2 m were Flowering/fruiting date Weight 

considered outliers and were not typical of the depth distri- spring —ibeforefune22,—s—“(<tsws*t*é‘( it;*«zdN 

bution; therefore, they were not plotted. earlysummer = June 22-July 22 2 

When 20 or more data points were available, a full midsummer July 23-August 22 3 

boxplot, including end points, quartiles, median, and notch, ae sunamer whee September). 22 : 

shows the data distribution. If 10 to 19 data points were TTT 

available, the notch was not plotted. Individual points were 1 2 3 4 5 

plotted if there were fewer than 10 data points (for ex- ne 

ample, Elatine triandra Schkuhr.). Preliminary analyses cal- Spring Summer Fall 

culated the number of unique locations required to reduce 

the notch width to a set percentage of the median (for ex- percent, and a narrow range less than 25 percent of the to- 

ample, 5% and 10%). In many cases the number needed far tal distribution range. 

exceeded the number available; in these cases, the median is Flowering and fruiting times 

not as precisely defined (that is, the notch is wider) as Flowering and fruiting times were established as a weighted 

would be expected with more samples. average of five or more flowering or fruiting dates (table 1). 

In some cases, part of a boxplot may obscure other The weighted average placed flowering and fruiting times 
parts. An order of precedence was established so that the on the spring to fall (1-5) scale. 

median and ends were plotted first, then the notch, and fi- Considerable variation would be expected in flower- 

nally the quartiles. A wide notch may cover a quartile. ing and fruiting times on the basis of year to year climatic 

The water-chemistry patterns studied are not inde- variation, south to north distribution of the plants, location 
pendent of one another and understanding the relationship, of the plants in the water column (shallow or deep water), 

especially between alkalinity and pH, can help explain ap- and aspect (south- or north-facing shore, for example). Be- 
parent anomalies in some distributions. Water-chemistry cause flowering and fruiting information was collected 

parameters can vary considerably from day to day and loca- from herbarium specimens, it is not known whether the 
tion to location in a lake. ‘This variability is not reflected in record represented first flowers or fruits or old flowers and 

the analyses presented here. fruits. In some cases, average flowering and fruiting dates 

I use specific terms to describe the water-chemistry can be misleading. Myriophyllum spicatum, for example, can 
distributions of each plant. These terms compare the range flower and fruit more than once during the growing season. 

occupied by a species to the total range occupied by all spe- Average dates are between true flowering and fruiting 

cies. If a species has broad distribution, its range covered 75 times. Other species for which this might occur are not 

percent or more of the range of all species. A moderate dis- known, but the problem is probably minor. 

tribution covered 50 to 74 percent, a imited range 25 to 49 
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Substrate preference, turbidity tolerance, and common GEOGRAPHIC AND HABITAT DISTRIBUTION, 

associates BY SPECIES 

The statistics used for determining substrate P reference, . T have organized this section alphabetically by scientific 
turbidity tolerance, and common associates are explained in name of the plant. For each species, a map showing its geo- 

Nichols (1990, 1992). Species were determined to prefer a graphic distribution is provided along with boxplots of 
substrate if they had a positive association with that sub- depth, pH, conductivity, and alkalinity distributions, if 

strate: Asp ecies Was oe turbidity tolerant if it had a . available. Phenological, substrate, and turbidity information 
positive association with turbid water. A common associate is also provided, if available. The abundance of the plant as 

was arbitrarily defined as a plant that showed a positive part of the total lake flora, common associates of the plant, 

Cole s index value of 0.15 ‘with the sp eces of interest and a synthesis of habitat information are discussed for 
(Nichols, 1990). There is an important distinction between each species. A drawing and taxonomic information are 

plants that had no associates (that is, the data were ana- also included, where appropriate 

lyzed and no positive association greater than 0.15 was , 

found) and plants for which not enough data were available 

to do a valid analysis; therefore, associates are unknown. 
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Acorus calamus L. sweet-flag 

. . ea! Substrate Turbidity 

An infrequent species, scattered through- le preference tolerant 

out Wisconsin (fig. 10). It is found in cir- es _ _ 

cumneutral to alkaline pH and over lim- LS 
" 

ited alkalinity, conductivity, and pH | 

ranges. Depth distribution, substrate pref- | L = 
erence, common associates, and turbidity > [| EA b 

tolerance were not determined, but it is a p14 a 

shallow-water, emergent species. Flower- / 4 r | L | { 

ing occurs in early summer; fruiting, in \ | I | LD 

late summer. Sterile specimens can be | mI Po oT Ey 

easily identified by the sweet odor of ttt? 

the lower part of the leaves and rhi- | PE 

zomes. * Literature reports | |) 

z @ Herbarium records Ley 

L/~ Wi CEA 
B& pH units 5 , 

hae 
frog 4 5 6 7 8 9 10 Spring Summer Fall 

SSESY 
EEG Conductivity in pmhos/cm (25°C) 

bey feie es 

Tay 

pie 0 200 400 600 800 
Ny’ 

\\ Total alkalinity in mg/L as CaCO, 
denne ‘i 

0 100 200 300 400 

WY ), Figure 10. Distribution and habitat characteristics of Acorus calamus 
Peas i) 

L. 
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Bidens beckii Torr. water marigold 

ea? Substrate Turbidity 
An infrequent species, found primarily in northern Wiscon- ie preference tolerant 

sin, but also in the eastern part of the state (fig. 11). It prefers [- soft no 

soft substrate, is not turbidity tolerant, and is found in water : 

depths to 2.7 m. It shows a narrow conductivity distribution, |) A Lae be 

a limited alkalinity distribution, and a moderate pH distribu- | [7 

tion. Flowering occurs in midsummer; fruiting, ye[ fo || Q 

\ ) y in late summer. Common associ- | | q 

Xa Ni Wy ates are Ceratophyllum dem- | | ww), NUP y | 
Sk DY SATS Gp ersum, Lemna trisulca, + a 7 

LW ie Ly Myriophyllum verticilla- \ Ps 
" J I } tum, Najas flexilis, TT Lier 

WV a Nymphaea odorata, oT Pat yh) 

W WALES a Potamogeton * Literature reports | 4 2] | 

eye dr amplifolius, @ Herbarium records ya | T/ 

at WES 2 prongs PT th 
wipe oft SS P. pusillus, TT 

UZ P. richardsonii, | | fa | 

SY LS P. zosteriformis, Utricularia Depticinsan 

Al geminiscapa, and Zosterella du- | 7 y y | 

x bia. r ' 
\ WZ 0 200 400 600 Spring Summer Fall 

SS C4 r units 

H (A 1 
WW Conductivity in pmhos/cm (25°C) 

=F i 
NAY 0 200 400 600 800 

WW at SONNY} Total alkalinity in mg/L as CaCO, 
SS x 

FA | | 
LY) SA \ T T T 1 T 1 T A XN 0 100 200 300 400 

Figure 11. Distribution and habitat characteristics of Bidens beckii 

Torr. 
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Brasenia schreberi J.F. Gmelin water-shield 

Y Dr on’ Substrate Turbidity 
A common species, ws N\ D ave AN!) LZ / Le preference tolerant 
und mostchre: at Nei f/ on no preference yes 

quently in ES SZ NY q hy a LS 

northern SS x (7_S ro| bP ? l 
Wisconsin, but / \S NS gt Fe , 

scattered at other " ee 7 | eae el Sy locations (fig. by Sed] i ao / 12) Is found ET Wy) \ ee ee 
over limited alka- Us i] y IA / 

linity and conduc- OS 4 ry) Po] Pl 
a VY -+ ivity ranges, but over ee fe] | | 

a broad pH range. It shows Jot ai Pity 

no substrate preference, is CY UP * Literature reports | 7 | 
sa: : 4 ? Z 

turbidity tolerant, and is y Zp m Herbarium records LL ny. 

found in water depths os ” y Py - TTR 

to about 2.9 m. Flow- WH ( 

y Pt ie ering occurs in early \¥ WM || Te 

summer; fruits ap- A A Va Depth in em 

pear in midsummer. OY im | y Oe 
: om } 1 Common associates YY Xi a 200 400 600 Spring Summer Fall 

include Ceratophyllum Y \ 
. ee pH units 

echinatum, Dulichium arun- | 

dinaceum, Eleocharis acicularis, Eriocaulon | a a a a a | 

aquaticum, Myriophyllum farwellii, Nuphar 4 5 6 7 8 ? 0 

variegata, Nymphaea odorata, Polygonum amphibium, Potamo- Conductivity in pmhos/cm (25°C) 

geton oakesianus, Sagittaria rigida, Sparganium chlorocarpum, Zz 

Utricularia gibba, U. intermedia, and U. vulgaris. It also shows 0 200 400 600 800 

a strong negative association with many species, including Total alkalinityin mg/Las CaCO 

Ceratophyllum demersum, Elodea canadensis, Myriophyllum | 1 | 

spicatum, M. verticillatum, Nayas flexilis, Potamogeton praelon- 4 T ii T a T aa T a 

, P. xosteri is, and Vallisneri icana. Thi i 
ies Bs mosrergyorents an. Valiente ONE is species Figure 12. Distribution and habitat characteristics of Brasenia 
may not be tolerant of much human impact. schreberi] F. Gmelin 
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Calla palustris L. water-arum 

wie” Substrate Turbidity 

Common in wooded swamps, marshes, and bogs of northern oe preference tolerant 

Wisconsin (fig. 13). It is also found along marshy shores of _ _ 

lakes, but it is probably overlooked by persons doing lake sur- “ LS 

veys and is probably more common than the infrequent status ro) EA fa I 

indicated by lake-survey data. It is found in circum- | [4 

neutral to acid water having conduc- > [ kd | 4 F 2 

) tivities less than 200 umhos/cm ; | ps [| fe it: 

and alkalinities generally less than | Fd ra 

Pe 100 mg/L as CaCO, It flowers in Ja (/ 
is : _ WWII Sring and ft in To Ee 1) Gey 

| y i midsummer. It is | Ww 

; Ve hall a D i eT 
Ly LL es water, * Literature reports \ 2 | | 

Za emergent @ Herbarium records > be i {/ 

SF ee CEE LE 
~~ no informa- L—) 

{ Zi tion is available PTT fT ke 

\ about its depth distribution, sub- pH units 

\ strate preference, turbidity toler- | a | y we | 
EI t/ + T | Tt T | TT T TT T T T~4 rr rs rs \\ j ance, or common associates. 4 b y 7 y 5 ab edie Homme 2 

Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

‘ é\ Total alkalinity in mg/L as CaCO, 

i) \\ Ay Te _— 
i | | NN + Ny: 0 100 200 300 400 

WK 
/ \ Figure 13. Distribution and habitat characteristics of Calla palustris 

/ d L. 
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Carex comosa F. Boott bristly sedge 

eae” Substrate Turbidity 
An infrequently cited plant, found in marshes, rivers, bogs, e preference tolerant 

open spots in swamps, and along wet shores and in shallow _ _ 

lakes and ponds (fig. 14). It is probably overlooked by many a% 

lake-plant sur- oh tay ln 

} / veyors and is Pe 
\ f \ 7) & therefore more >| La | * | 2 

‘ 7, Y common than its | a Pa a 

| L ay infrequent status indi- | ri L | 

yy {iy } cates. It is found primarily = | 
f \ / | in northern and eastern Wis- SELLY 

ACY y / consin over a broad alkalinity [tLe 
\ \ | range and moderate pH and \« Come 

e\\ i conductivity ranges. Flower- € Literature reports } I & 

“a | ing occurs in early summer and a Herbarium records LL? | ty 

uf, | / | | i / fruits are found by midsummer. CPE EER 

ss Hi fi] Say NY Common L_) 
| = f i} associates, Pt fT ke 

} / Vy : substrate pH units 
| | . J f Vv v 

Qy turbidit ToT TTT 
i \ ] urbidity 4 5 6 7 8 9 10 Spring Summer Fall 

\ ered) |! heme 
\\\ / a | f / LA ane — Conductivity in pmhos/cm (25°C) 

see istribu- 

\ | se \ | tion are 

\ } Fl f unknown, 
9 200 400 600 800 

d TSN ae but it is a shallow- Total alkalinity in mg/L as CaCO, 

H species in lakes. ee 
AN (N 0 100 200 300 400 

You Mp { i \ Se || Figure 14. Distribution and habitat characteristics of Carex comosa 

eee. ae \ F. Boott. 
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Ceratophyllum demersum L. coontail or hornwort ! 

oa” Substrate Turbidity 

The most common aquatic vascular plant in the state, on the ie preference tolerant 

basis of frequency of occurrence in lakes (fig. 15). It is found soft yes 

over a broad range of water chemistries and in water depths to * 

lf 4.5 m. It prefers soft substrates and (iat BP eo be 

ae, is turbidity tolerant. Flowering and | ie] 

v / on fruiting are not common, te 4 b 

Y Yee ie but occur in midsummer. | r | af] 

i tee We Common associates are ri Ls | ra 

% ee vie ze “Many, including Va (/ 
NY Ah feet OMA Zz . . mM i UL in e— Bidens becku, Elodea \ Ps Lb 

Ae (4 Dae WIZ = . Ay WW iy —_—_ canadensis, Lemna : Ef) [ 
NOY panes minor, L. trisulca, * 
yn t (yp La ") 
FDA wid / J : 4% 
Wy {yf WZ Myriophyllum bet- * Literature reports be 2 f 

SX Xi Vs WV We VEE, erop hay) lum, M. sibiri- @ Herbarium records a / 
hike x Ug Ne) a Ea 
WI Wy ll WE \j tm cum, M. verticillatum, [=| tA 
Se ONY YNZ Fa 

by WY ei Vig Nymphaea odorata, . 
WAS bs ; Lo et 

We y Lier Potamogeton crispus, | | cn 
: Sy, j y ({ P. diversifolius, P. foliosus, Deptiinsan 

=}. = \Y, Ley P. praelongus, P. pusillus, P. rich- Vv Za \ VY, LE P 8 P FL ER 

\ ip Ge ardsonii, P. vaginatus, P. zosteri- r ' 
Spee (SEE ~ é ‘ : 0 200 400 600 Spring Summer Fall 
“DS LZ formis, Ranunculus longirostris, if unit 

4 Kt . . units 
Ss \ e Ze — Spirodela polyrbiza, Utricularia P Es 

“Ai Gob eminiscapa, Wolffia columbiana | et | 
YW ~- LEE & > : 

SG LBS ST and Zosterella dubia. 4 5 6 7 8 9 10 
es Conductivity in pmhos/cm (25°C) 

kG \ y J 1 

Gra \\ J \ 0 200 400 600 800 
< = \ XQ \\ || gi. / 

<< \ Y i) Total alkalinity in mg/L as CaCO, 

DOK E T T T 

ye 0 100 200 300 400 

Figure 15. Distribution and habitat characteristics of Ceratophyllum 

demersum L. 
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Ceratophyllum echinatum A. Gray spiny hornwort 

ed Substrate Turbidity 
A rare plant, found almost entirely within the Northern Lakes ie preference tolerant 

and Forests Ecoregion, where low calcium, chloride, magne- | soft _ 

sium, and sulfate water is common (fig. 16). It prefers soft ho 

substrate and grows in water depths to 3 m. It | | Le I 

is found over narrow and low alkalinity and | | 

Nt Nh conductivity ranges and a moderate pH | 2 
WY iti ANY range. Flowering and fruiting dates and , | r? [4 a 
NW, turbidity tolerance were not determined. | | a. ry V7 J 

SX NH Yj Some lateral branches and new growth of a \\ j 
WW C. demersum might be con- PS A Ly 

SG K/\ fused with C. echina- || 
AY WY \ } WA . 

\"V WF} Y (| GY tum. The most reli- \ | PAT 75 
MAY QA Yo fA oS Sie 
SO SAY 2 able distinguishing * Literature reports | J | 
SU) SV Y characteristic is leaf m Herbarium records LL? ar. 

Re ZINN Batre PT Ith We Wy / \ 1985): Ceratophyllum FoR 

NW Wy echinatum leaves are P| 
WA VLG SZ : : 
WHEE forked three times (eight ul- Depiledncei 
Wy AA bs Ai RR Se timate segments); C. demersum | 

WY Ua leaves, one or two times. The sig- 

SZ Pre nificance of fruit differences de- ° ” “ on ZX Sh ane = . . . . pH units 
= iS . scribed in some keys is not univer- ma Un 

Zo NS sally agreed upon (Voss, 1985), oe 

2G \ and both species are seldom found 4 5 & q 8 ? 19 

! in fruit. Common associates are Conductivity in pmhos/em (25°C) 

Dulichium arundinaceum, Nymphaea | im | 
Tn 

odorata, Polygonum amphibium, 0 200 400 600 300 

Patamogeion natin, P, pusillus, ‘Total alkalinityin mg/Las CaCO, 

Sagittaria rigida, Sparganium chloro- Lif 

carpum, and Utricularia vulgaris. Oe 
0 100 200 300 400 

( Figure 16. Distribution and habitat characteristics of Ceratophyllum 

echinatum A. Gray. 
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Decodon verticillatus (L.) Elliott swamp loosestrife 

. . . sia” Substrate Turbidity 

An infrequent species, scattered throughout the state. No in- ee preference tolerant 

formation is available about depth distribution, turbidity tol- _ ~ 

erance, or substrate preference (fig. 17). However, it is a shal- 

low-water, emergent species that sometimes forms floating | kS I l 

mats. It generally grows in very soft substrates. Voss (1985) | fo 

b _ noted that its presence indicates a good y [od Zz fe 

wh . place to go “plunging % one’s walst in | oa | a 

» safes, soft mud with the slightest misstep.” L | 
Bees | A ERR Wee It is found over a broad range of wa- 

SY Yess . acs a / or = ter-chemistry conditions and can be [oq | | 
ga N : . ony | found in some of the highest pH, -tti/ 

< ; conductivity, and alkalinity water in \ | Lif 

SA al fy * hich pl. So h Ld 
RO, which plants grow in the * Literature reports | J | a 

a Ye Yee State. It flowers and m Herbarium records ya fet / 

sal, 4 eee Pra SS v : 
\ Dal Wy We Ve mer. No infor- — 

RE Wy 2 BBs ood rs | < we TPG oe mation is avail- ae QQ if (Ae Za ki \ a 
Yh | hr NG “ able about its pH units 

We WAS —\Bittegge common a a MIA y PNK : | FL__FR 
NI) = Lax Y) WI associates. T I 

/ A JR) \ oe 4 5 6 7 8 2 10 Spring Summer Fall 

we LEAS Conductivity in pmhos/em (25°C) 
aay" => ZZ 

Ye | ae 
Ni ‘ 
| Nie 0 200 400 600 800 

LGR VP Total alkalinity in mg/L as CaCO, 
ar . 

va Ye a 
wy CTO 

A =) 0 100 200 300 400 
| ( » 

ZA 8 
V Me |} TN . =< . Figure 17. Distribution and habitat characteristics of Decodon 

C77iN AERP verticillatus (L.) Elliott. 
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Dulichium arundinaceum (L.) Britton pond sedge 

ea? Substrate Turbidity 
A common species, found statewide, but reported more fre- ee preference tolerant 

quently in northern Wisconsin (fig. 18). It is found in water [- s soft yes 

depths to 1.5 m, but it is most common in water less than 1 3 | Ls 

m deep. It is turbidity tolerant and prefers soft substrate. It is (| JPA hows C 

found over a broad pH range, but in low conductivity and al- | 

kalinity water. Flowering occurs in midsummer; fruiting, in em | | 0 

late summer. Common associates are ; | [ee lg! apg 

, ) i, Brasenia schreberi, Ceratophyllum echina- | | ain ra 

WN \ Y b tum, Nymphaea odorata, Polygonum am- \ A / 

Z \ 4) phibium, Potamogeton pusillus, Sagittaria \ Ps \ fi rigida, Sparganium chlorocarpum, 
ET [[/ 

WV ) and Utricularia <1 | Com 

; Vi ) \ | vulgaris. \ ) f * Literature reports , 2 | | 
SQ i \ A i We @ Herbarium records LL? | T/ 

i WG | aqumian: 
at (Uy Qi / Pty fy te 

7) \ 
5 A | W \ ay Depth in cm 

Y y y Vv v 
fr i po \, = ia . FL FR 

‘ ly \/ Vi 0 200 400 600 Spring Summer Fall 

\ il pH units 

( NY 4 5 6 7 8 9 10 

i / ! : Conductivity in pmhos/cm (25°C) 

[ 0 200 400 600 800 

} Total alkalinity in mg/L as CaCO, 

— |, iz 11 1 | 
GE IN 0 100 200 300 400 

AW \ FZ f\ 

A A Mee 4 Figure 18. Distribution and habitat characteristics of Dulichium 

eT \ arundinaceum (L.) Britton. 
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Elatine minima (Nutt.) Fisher & C.A. Meyer matted waterwort 

sia” Substrate Turbidity 

An infrequent species, found in low conductivity, low ae preference tolerant 

alkalinity lakes primarily within the Northern Lakes and Tf _ ~ 

Forests Ecoregion. It is found over a broad but circumneutral [TS 

pH range and in water generally less than 2 m deep. Because (oh et bal Po 

of its small size, it is easily overlooked and may nm 

be under-reported. It flowers in middle to vif be 2 

Wr late summer. The few plants with fruits a ie 

‘ \ also indicate a middle to late summer Lt | Ff 

a fruiting. Voss (1985) reported that it is CEI | Ej 

/ found on sandy and sandy—mucky bottoms pH Ly 

, in Michigan. Its turbidity tolerance and VE | Tt LL/ 

¢ = common associates were not determined. oy] EH 

* Literature reports | J | 

Sp @ Herbarium records LLY ar. 

PN PT Trt CEECLE 
\ > l y § Depth in cm 9 

: > Tim 
5 VE 0 200 400 600 Spring Summer Fall 

pH units 

S) sae es ha 
jb TS Conductivity in pmhos/cm (25°C) 

ie YE | = 
“N ) Aa i a KA 0 200 400 600 800 

f HIN 8 SI Total alkalinity in mg/L as CaCO, 

: ACTUALSIZE AN i . | 

0 100 200 300 400 

Figure 19. Distribution and habitat characteristics of Elatine minima 

(Nutt.) Fisher & C.A. Meyer. 
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Elatine triandra Schkuhr. matted waterwort 

ee? Substrate Turbidity 
A rare species, found at only four locations in Wisconsin (fig. iP preference tolerant 

20). Fassett (1930b) thought it was associated with the TH _ _ 

Johnstown moraine, where he collected it in Adams County. LT 

He also collected it in an unidentified pond in Columbia |) 5 I C 

County (not shown in fig. 20) and in Round Lake in Polk mL 

County. The most recent record is a 1971 collection from the STL Q 

Chippewa Flowage in Sawyer County. Because it is so rare, Les 

little could be determined about its habitat preference, flow- Lt Ff 

ering and fruiting dates, or common associates. It is normally CEI | Fj 

a plant of the western United States, and it is also found in \ poy 

Europe and Asia. Elatine triandra and Titi 
E. minima are similar in appearance, and oT VE 

\ 7, i] members of the same species grow- } I] 
YY \ f) ing io mand and thane growing a Heibatium.aecorils LL? | FT 

gp (? is I J in water may differ in ap- PT Tt 
es NW fy pearance more than the Ftt[ RA 

—> YQ \V iy two species growing in pT 

eye I \ er the same habitat pH units 

y/ / (Fassett, 1969). Dif- ‘ ‘* | 

aX (7 ferentiation between 4 E ar ae a 

ESN K aN the two species is 

q Nol (J Wy meade me Conductivity in pmhos/cm (25°C) 
Si a 

RE WN amination of IP 

/fh \\ Ly] SS) \ mature seeds. 

[ - ?) ’ Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 20. Distribution and habitat characteristics of Elatine 

triandra Schkuhr. 
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Eleocharis acicularis (L.) Roemer & Schultes needle spike-rush 

sa! Substrate Turbidity 
A common plant, found more frequently in northern Wis- ie preference tolerant 

consin and scattered in the remainder of the state (fig. 21). a hard yes 

Greene (1953) reported that it is also common along the gn LY 

Mississippi River. It prefers hard substrate, is turbidity tol- ot har De 

erant, and grows in water depths to 2.1 m. At times it will : Tye 

form a dense carpet or turf of plants on wet shores and in wT be = . 2 

submersed areas. It is found over a broad and circumneutral | a ap 

pH range, but only has limited conductivity and alkalinity rey pf ra 

ranges. Few flowering plants were found; fruiting occurs in i 

midsummer. Brasenia schreberi is its only common associate. AT tol et BLY 

LR By 
\ * Literature reports { J | " 

\\, \ [ @ Herbarium records DL EL 

\ \\ \ /, ; CEES FA 
} \ ih i} | \ | Depth in cm v 

A ANBA WU Wim 
i | My A \ \ / 0 200 400 600 Spring Summer Fall 

NIH AW i ij VM \\) !) unit AN NY es | 
WI\ SRS mE 

Array IN 4 5 6 7 8 9 1 

dA ANA ty h} f Conductivity in pmhos/em (25°C) 

WNW AA _ Hy {\ MAAN KY }/} \ ° im 
A y “4 \ 0 200 400 600 800 

( Mf 1 ; \ Total alkalinity in mg/L as CaCO, 

| ! \ i= ™—T ™—T T | 
0 100 200 300 400 

(ih \ Figure 21. Distribution and habitat characteristics of Eleocharis 

: \ acicularis (L.) Roemer & Schultes. 
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Eleocharis palustris L. 

oa? Substrate Turbidity 
A common plant, especially in northern and central Wisconsin le preference tolerant 

lakes (fig. 22). Eleocharis erythropoda Steudel, E. calva Torr., hard _ 

and E. smallfii Britton have been lumped under E. palustris L. x8 LY 

(see Gleason and Cronquist, 1991, ole dy 

Y W 4a 4 4 and Voss, 1972, for a discussion of «tf | b 
\ H the taxonomy). Eleocharis palustris > F be : 4 

here is the equivalent of E. smallii in | [Se q 

Voss, but does not include E. calva 14 r | L_| 
(= erythropoda). Eleocharis palustris CE] | J f 

prefers hard substrate, is found in wa- Py 

ter depths to 2.1 m, and its turbidity | L 

tolerance is unknown. It is found over SO\FrH 

a moderate and circumneutral pH * Literature reports | TD 
range, but has narrow and low con- m Herbarium records Pj of Py 

ductivity and limited alkalinity CY ry FTe 
ranges. It had a low association with Co 

other species, and flowering and fruit- rt TT ta 

ing times were not established. Depth in em 

i tf 

ni 0 200 400 600 

\ \\ pH units 

NN = | 
AY hs 4 5 6 7 8 9 10 

WY Y Conductivity in pmhos/cm (25°C) 

WT . i | 
HE = T T T T T T T T 

i 0 200 400 600 800 

| | Total alkalinity in mg/L as CaCO, 

baa aa ar ae one! ARAN AAs MA _ _. . 
j |} \) ve (NYY WK Figure 22. Distribution and habitat characteristics of Eleocharis 

Z Yi (it * NN y vi % palustris L. 
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Eleocharis robbinsii Oakes 

ee? Substrate Turbidity 
An infrequent species, primarily of northern Wisconsin (fig. eo preference tolerant 

23). It is found over narrow and low ranges of alkalinity and Tf soft ~ 

conductivity, but over a moderate pH range. Except for a LS 

single literature citation in Waukesha County, all locations are re) bd Is C 

within the less than 10 mg/L sulfate re- it 

8 gion. An emergent plant, it is St Q 

\ A f found in shallow water at a me- foes 

_ \ , /; dian depth of about 1 m and can Lt | PS 

| be found on shore, especially on CE | fy 

/ recently exposed shorelines (Voss, \ Poo Ey 

i 1972). It prefers soft substrate [Titi 

but turbidity tolerance was not oT | VERE 

determined. It had a low associa- * Literature reports | 

| tion with all other species and flower- m Herbarium records Pj ot Fy 

ing and fruiting dates were not deter- CH 

mined. Numerous limp, capillary 

stems (culms), similar to those of rtd Ta 

Scirpus subterminalis, can be produced Depth in em 

when the plant is growing in water 

| (Voss, 1972). However, E. robbinsii lll 
0 200 400 600 

| stems are not expanded at on 

= SSS <= the bottom as | 
\ | ‘i 5 S. subterminalis Ht | 

| t stems are. 4 5 6 7 8 9 10 

| | fh , 5 J Conductivity in pmhos/cm (25°C) 

| Wy { bh { i a 1 | 
\ (SF 0 200 400600 800 

| | I ys v Total alkalinity in mg/L as CaCO, 
MI We WY 

ii ) ?_ 
\ Wh y 0 100 200 300 400 

(i RN | Figure 23. Distribution and habitat characteristics of Eleocharis 

( i robbinsii Oakes. 
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Elodea canadensis Michx. common waterweed 

sia” Substrat Turbidity 

An abundant plant, distributed statewide (fig. 24). It ranks eo preference tolerant 

second only to Ceratophyllum demersum in frequency of occur- soft yes 

rence in lakes. It prefers soft substrate, is turbidity tolerant, . LS 

and is found in water depths to 3.9 m. It has a broad but (|, BPR a io 

generally alkaline pH distribution and moderate conductivity * - Taba 

and alkalinity distributions. Flowering occurs in early sum- yt Ee ‘ 2 
mer; fruiting, in middle to late summer. Common associates ; | pf | rt ad 

are Ceratophyllum demersum, Lemna minor, L. trisulca, Potamo- | Ff la 

( ) geton crispus, IA (/ 

D \ yee? diverts \ PSE 
WA ) eas P. foliosus, eAP | / 

-~ WES eH) P. vaginatus, vt Es 

AS les = — YN Sagittaria se Tate ° 4: ) FX, WA \\ s * Literature reports we #7 

~S \\ S IN / A | latifolia, Spirodela @ Herbarium records |_| #7 / 
WW 0 <1) \ . 

ae Sy em EEE > latifolia. ee St 7 YY LV AF OS ES 
Wy 7, As ra a Depth i o> TF JAI y epth in cm 

aA, LD =|) xk | KO ® ee 
gw IN 0 200 400 600 Spring Summer Fall 

(S ike pH units 

Qa | | a> et 
\ Ne ) 4 5 6 7 8 9 10 ! 

0 Sl \ Conductivity in pmhos/em (25°C) 

a 1 
OF > 0 200 400 600 800 

we Total alkalinity in mg/L as CaCO, 

UL A ——— 
y A 0 100 200 300 400 

NS Figure 24. Distribution and habitat characteristics of Elodea ca- 

/ nadensis Michx. 
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Elodea nuttalhii (Planchon) St. John slenderwaterweed 

oa” Substrate Turbidity 
A rare species, scattered statewide (fig. 25). Elodea nuttallit is eo preference tolerant 

usually distinctively small leaved and delicate compared to the | _ _ 

much more common E. canadensis, but vegetative material LS 

could be confused with depauperate E. canadensis speci- ro) |) ie be 

\ ) mens. Elodea nuttallii a 

_ We al ¢ \ ( f is generally found Y [A 0 

=~ { LY | {| Wks Sp aN AINA @ ‘ ity and lower I pat A 

= ¥ pH water than 
N NY . a | / ativa NS kn ; E. canadensis. The \ 4 | | 

AY b\w L=y D2 ~_ conductivity range for E. TL 
Ye \K KVP YO nuttallii is not as broad as <1 | a 

“TaN "for B. canadensis, but th |) SK \ or £. canadensis, but the * Literature reports {| 2] | 
AK SS median conductivity was not w Hebasum seconds pa | {/ 

C vy significantly different. Fruiting occurs in CPE LTR 

A) late summer. On the few flowering plants that ; xy 3 P LT bY 
Ay were examined, flowering occurred in early sum- na P| 

= 2 mer. No information was available about depth pH units 
| WW. - distribution, substrate preference, turbidity tol- [| Oa | | ¥ | 

> “a erance, or common associates. 4 E ee y Ba Sealy a 2 

j N=, . Conductivity in pmhos/cm (25°C) 

EN a 0 200 400 600 800 

J ATS 
\K \ Total alkalinity in mg/L as CaCO, 

yp ii | 
d [ Wx = 

Vf { 0 100 200 300 400 

I~ 
Figure 25. Distribution and habitat characteristics of Elodea nuttallii 

(Planchon) St.John. 
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Equisetum fluviatile L. water horsetail 

oa? Substrate Turbidi 
A common species, found statewide (Hauke, 1965), but in- ie preference tolerant 

frequently as part of a lake flora (fig. 26). It emerges in May ~ ~ 

as a simple unbranched stem and becomes more branched as x * LS 

the season progresses (Hauke, 1965), which could cause con- ans lea C- 

fusion in identifying the plant. In cross sec- P PEt 

i \ \ tion, an E. fluviatile stem has a large central > [ I m 5 

\ i \\ ity and no side cavities. This characteristi | “4 \y | WAI cavity and no side cavities. This characteristic | “ 

\\\ | | \} helps separate E. fluviatile from other Equi- 1 | Ff ry 

NY | | ] setum species. Equisetum fluviatile is not a Va / 

INN y flowering plant; therefore, flowering date is \ Pst 
\ | Y j - laappepeiats, but i CI ti 

\I \\ \ y / | 4 a plants with termi- ‘| Pity} 

\ WW | i i z ms cones on i * Literature reports | J | rT 

\ WN} d ound in spring. INO @ Herbarium records pa 

Vi i) / | f information is available PT: Cth 

\ \A | i J Ye for depth distribution, 

Na, | i } sediment preference, or Pty Ty fa 

| | lV | | | | turbidity tolerance. Be- pH units 

\ cause it is an emergent | Zz yo 

\ i | X 4 Hl lant found in a vari- q t : | | | ZINN P. 4 5 6 7 8 9 10 j iy > PN DS Spring Summer Fall 
\\ WV p\ Le ety of wet places, a 

Wit BAN shallow-water distri- Conductivity in pmhos/cm (25°C) 
Ww NX bution is suspected. It 1 
Wa has a limited conduc- =U 

a eh \ i a el pat 0 200 400 600 800 
- HBR tivity distribution and 

NSS . 
Zi SS ee Total alkalinity in mg/L as CaCO, 

A NY A and p. astributions. LD 

= a A a Common associates SUL 

= A} Ne are unknown. 8 100 200 300 400 

Alga 
eZ ik \ 

Ze ak \ \ \ \ Figure 26. Distribution and habitat characteristics of Equisetum flu- 

: VN , viatile L. 
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Eriocaulon aquaticum (Hill) Druce pipewort 

ea” Substrate Turbidity 

A common species, found primarily in the low conductivity, eo preference tolerant 

low alkalinity water of northern and central Wisconsin (fig. - hard m 

27). It prefers hard substrate, is not turbidity tolerant, and is ‘ | LS 

is found in water depths to 2.6 m. It has a mod- otk he ba Cf 

: erate pH distribution and all known distribu- | 
tion points are in areas with sulfates less than y | bed z . o 

10 mg/L. It can form dense turfs on the lake ; | —_a eT ang 

bottom and flowering heads usually emerge | r | Li] 

| | fy on scapes up to 40 cm long (Voss, 1972). JF (/ 

Flowering occurs in midsummer and fruits \ PS LE 

appear in middle to late summer. Common tii 

associates include Brasenia schreberi and oh fy 

Nymphaea odorata. * Literature reports } J | 

@ Herbarium records DLL 

Y CENT TE 
‘ii Oy) 

Depth in cm 

. ye oe | Es 
S —_ i 4 I T : 

IY ZS 0 200 400 600 Spring Summer Fall 

GF ZYQXY Ze pH units 

ml 4 5 6 7 8 9 10 

Y Le te \ Conductivity in pmhos/em (25°C) 

won HAGA SA 
ff (7 M\ aoe pp Total alkalinity in mg/L as CaCO, 

MBA ue yf 
aS i i _ \ E : ———— | 
i i 8 0 100 200 300 400 

' I Figure 27. Distribution and habitat characteristics of Eriocaulon 

} \ aquaticum (Hill) Druce. 
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Gratiola aurea Pursh hedge-hyssop 

Se oa? Substrate Turbidity 
An infrequently found species of low iP preference tolerant 

alkalinity, low conductivity lakes in northern Tf _ _ 

Wisconsin (fig. 28). Gratiola aurea is found [TS 

in water depths to 2.1 m, but substrate hdd Fans C 

preference and turbidity tolerance were not ao 

determined. Except for a lone collection in Seo. p 

Adams County, all distribution points are in Ls 
the Northern Lakes and Forests Ecoregion Lt | FP 

and from areas in which CE | fF) 

calcium concentration is \ Pao Ay 

WS typically less than 10 mg/ Titi 

L. All known \ COS 

Lo \y a. som ELL y/ V points are @ Herbarium records ye 

y the area where rT Ch 

{ A ~ magnesium is less C| L—) 

XS | \ \ ‘ than 10 mg/L. Pt Tt ka 
YX \V/ \ Salamun (1951) Depth in em 

\ | Zp noted it is found on LL | i 

oS ‘fe sandy, Peaty, and 7 gs 600 = Sprin, Summer Fall 
\ AVA muddy shores and . Pane 

t in soft water, sand- hand 

bottom lakes at | —r 1 — | 

\ d depths of 1 to 4 m. 4 5 6 7 8 9 10 
V Ka It has a moderate Conductivity in pmhos/cm (25°C) 

Y f ‘ a pH distribution. (i 

Y Flowering occurs in 0 200 400 600 800 

wn ff NAD midsummer. . Total alkalinity in mg/L as CaCO, 

APN \Y\ f /}\ iw Common associates | } IN Mh (i 4 | } ! Vv) \{ are unknown. T T T T T T 
( } )\ 0 100 200 300 400 

(f/\ ' Figure 28. Distribution and habitat characteristics of Gratiola aurea 

Pursh. 
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Isoetes echinospora Dur. spiny-spore quillwort 

oa? Substrate Turbidity 
A rare plant, found in low alkalinity, low conductivity lakes of ee preference tolerant 

northern Wisconsin (fig. 29). It grows to water depths of 3 m a no preference _ 

and shows no substrate preference. Turbidity tolerance is un- LS 

known and J. echinospora shows low association with all other cy} od fa Cn 

species. It is found over a moderate and circumneutral pH | 

range. Except for a collection from Devils Lake, Sauk County, > [Lo o 

all distribution points were in the Northern Lakes and Forests ; | [4 : Pa 4 

Ecoregion and in areas of low magnesium and chloride con- | | Ff ry 

centrations. This is not a flowering plant, so flowering and Ia (/ 

fruiting are inappropriate terms; however, megaspores are \ Psi Le 

found in late summer. This is one of the isoetid -Tti/ 

species that has unique photosynthetic Ae be, oT | Pit 

mechanisms for growing in very low carbon S x Se, * Literature reports | 

environments (Boston se @ Herbarium records LL? | Ty 
PLAINS SE 

and Adams, 1986). aaa <a CPL ETE 

PT TT fe 
SW 

\ (7 KWH Depth in cm 
AN v | | | ¥, | 

é SX I rr a ee Sn es ee Ss AN \ 0 200 400 600 Spring Summer Fall 
( fal N XX . 

(Ki } \\ pH units 

NWAl iz 
i 4 5 6 7 8 9 10 

} win { \ \ Conductivity in pmhos/cm (25°C) 

( Ml 1 
\ SY \ pl) 0 200 400 600 800 

) Ni ) WW Total alkalinity in mg/Las CaCO, 

Hr -_ fy AA\S \\ T T T T T 
lh HN 0 100 200 300 400 

\ 

\ Figure 29. Distribution and habitat characteristics of Isoetes 

echinospora Dur. 
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Isoetes lacustris L. lake quillwort 

: . . ; oa? Substrate Turbidity 
Found in low conductivity, low alkalinity, northern Wiscon- ie preference tolerant 

sin lakes (fig. 30). Isoetes lacustris and I. echinospora appear hard i 

similar and have similar habitat characteristics. Iscetes lacustris 

may be more common than I. echinospora, may be found in an Je Le 

deeper water, may produce megaspores earlier in the growing | [2 

season, and prefers hard substrate. Spore characteristics sepa- y | ie Ez 2 

rate the two species: Isoetes echinospora megaspores are covered ; | y -A Vs < 

with spine-like projections, and the megaspores of I. /acustris | [fe rs 

have flattened and ridge-like protuberances. No common as- Ia / 

sociates were found, but it showed a strong, negative associa- Pst 

tion with Ceratophyllum demersum. Photosyn- I 1/ 

thetically, this is another isoetid species. sa) ALN | Pf 7 

Gael) + Line epone | oe no LY Se m Herbarium records es iy aD CEL iit 
Depth in cm 

v | TR 
0 200 400 600 Spring Summer Fall 

pH units 

4 5 6 7 8 9 1 

Conductivity in pmhos/em (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 30. Distribution and habitat characteristics of Isoetes lacustris 

L 
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Juncus pelocarpus E. Meyer brown-fruited rush 

| ao? Substrate Turbidity 
A common species, found primarily in low \ \ | oe preference tolerant 

alkalinity, low conductivity northern lakes \\\ \ | / i _ _ 

and in scattered locations in central f \\ i/ ’ 
f} 

Wisconsin (fig. 31). It is found over a \ \ VA ee bie Le 
‘| \Y 

moderate and circumneutral pH : _\ Is We | 

range. It is generally a shallow-wa- LK { i) / ) > PB |] : p 

ter, emergent species, but there is a weoey ; | —_o eT a 

submersed, sterile form with flattened SUBMERSED | pf ry 

by rosettes of red-tinged leaves. Fruiting Ja / 
x [\e** — occurs in midsummer. Depth distribution, substrate \ fe 

AQ preference, turbidity tolerance, and TIL 

o. : 1 common associates were not oT | PET 5 

— \ ~~ \ determined, but Voss (1972) + Literature reports } J 

\ Ky 7 reported that J: pelocarpus is @ Herbarium records ya | { 
\ Yr found on sandy, peaty, or PT Th 

\ / mucky shores and the sub- To. 

\ [ ‘,, J" mersed form is found with || | 

\ {| H ly J Eriocaulon aquaticum, . 
i We . . f pH units 

| - Littorella uniflora, Ni p mm) a x 

9 and Myriophyllum kg y it | mk 
7 ea ’ 2 y ty / 4° 5°6 +7. 8 9 1 Spring Summer Fall 

un \y oy 
\ yi \ | \ y N fr Conductivity in pmhos/cm (25°C) 
\} \ 1 } Y 

“y \ \ | W Wy a \ | \ \ } SX [ 0 200 400 600 800 
\ \ 

| | WY Total alkalinity in mg/L as CaCO, 

| -— 
| \ | | 0 100 200 300 400 

\ ] 

4 _ AW fe l 

y \ 4 Za ops Figure 31. Distribution and habitat characteristics of Juncus pelocar- 

: SEAN OES pus E. Meyer. 
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Lemna minor L. small duckweed 

ec” Substrate Turbidity 
Cz An infrequently cited plant, but probably ie preference tolerant 

(fe) much more common than its status indi- oTef _ _ 

Sy cates (fig. 32). Because of its small size, it [TS 

is often overlooked and undercollected. oa) [5 I [ 

\) Lemna minor is the common small duck- Pate 

¢ weed in the state, and it is unlikely that yal | A p 

L. valdiviana Phil., L. perpusilla Torr., rie | a 

} and L. turionifera L., Lt | ny, 

f y similar looking species, CEI a 

are separated from Poe TG 

| L. minor during lake sur- VE c-l [l/ 

) veys. Lemna valdiviana was i ere 

only found at two locations in * Literature reports } 

Michigan (Voss, 1972); it is probably equally rare in Wiscon- m Herbarium records | 2 | L/ 

sin. Lemna perpusilla (Voss, 1972) and L. turionifera (Voss, ps rT -7CLh 

1972; Gleason and Cronquist, 1991) are lumped with L. minor C| i T) 

by some authors. Lemna minor is found statewide over a mod- Py FT a 

erate pH range and broad ranges of alkalinity and conductivity. pH units 

Because of its free-floating habit, a discussion of depth distri- | 

bution, substrate preference, and turbidity tolerance is inappro- 

priate. It is confined to quiet water and rarely flowers (Voss, ‘ ° ° ; 8 ° 0 

1972). Common associates are Ceratophyllum demersum, Elodea a. ; 

canadensis, Potamogeton crispus, P. diversifolius, P. foliosus, pp 

P. nodosus, P. vaginatus, P. zosteriformis, Ranunculus lon- EE 

girostris, Sagittaria latifolia, S. rigida, Spirodela 9 200 400 600 800 

polyrhiza, Typha latifolia, and Wolffia columbiana. o 
ya Total alkalinity in mg/L as CaCO, 

ACTUAL SIZE EE 
0 100 200 300 400 

Figure 32. Distribution and habitat characteristics of Lemna minor 

LL. 
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Lemna perpusilla Torr. least duckweed 

; ; a oa? Substrate Turbidity 
Seldom separated in the field from L. minor. Joints with un- oe preference tolerant 

equally rounded sides and a root tip sheath that tapers to a _ _ 

sharp point are the chief characteristics that separate this spe- 
* 

cies from L. minor. Voss (1972) elected to call them a single ro) |r | l 

species for Michigan. Where L. perpusilla was identified, its | [| 

median alkalinity, pH, and conductivity were very similar to Y [4 | | o 

those of L. minor (fig. 33). PTT Hy ne 

OOF OER ee 
ree ee * Literature reports } 
TE | {/ F A) @ Herbarium records CJ [| r 

CE Ves 

pH units 
Kear fee 

NTF 4 5 6 7 8 9 10 

, \ | ) 
( ( Conductivity in pmhos/cm (25°C) 

f \ nt 

| 0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

nt 
0 100 200 300 400 

Figure 33. Distribution and habitat characteristics of Lemna perpu- 

silla Torr. 
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Lemna trisulca L. forked duckweed 

/ ; oa? Substrate ‘Turbidity 
An infrequent plant (fig. 34). It is not as common as L. mi- ee preference tolerant 

nor, but it is probably more common than its infrequent status _ ~ 

indicates. It is small and often grows in tangled masses beneath 

the water, where it is easily overlooked. It is not commonly as- ro) | I I 

sociated with L. minor, although it is found statewide in habi- | [| 

tats similar to those where L. minor is found. Common associ- ya | i o * 
ates are Bidens beckii, Ceratophyllum demersum, Elodea canaden- ; | Ff el al 

sis, Myriophyllum verticillatum, Nymphaea odorata, Potamogeton | rf ‘ 

diversifolius, P. praelongus, P. zosteriformis, Ranunculus longiros- VIA (/ 

tris, Spirodela polyrhiza, Utricularia geminiscapa, Wolffia Psi LE 

columbiana, and Zosterella dubia. CLE 

* Literature reports {| J | 4) 
* 

@ Herbarium records ya i*{/ 
sf Tf 

@ Pty | ee 
pH units 

ar USA, a 
Sy 4 5 6 7 8 9 10 

K=S> 

7 i Conductivity in pmhos/cm (25°C) 

fis 
ik 0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

EE 

0 100 200 300 400 

Figure 34. Distribution and habitat characteristics of Lemna trisulca 

L. 
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Littorella uniflora (L.) Asch. plantain shoreweed 

oc” Substrate Turbidity 
\ \ \ An infrequent plant, found prima- eo preference tolerant 

Y rily in low alkalinity, low conduc- Tf ~ ~ 

| ; tivity, low pH lakes within the [TS 

) iC ____ Northern Lakes and Forests Ecore- man i, I 
A IIR gion (fig. 35). Because of its small PT {h 
‘} ff )) size, it may be more common than ) oa || nt 0 

hI its infrequent status indicates. It is [A eT 

| \) usually found in a submersed, sterile state that is of- Lt roy 

"ten difficult to distinguish from Ranunculus reptans (Fassett, CE | ES 

1969). It is found over narrow conductivity and alkalinity Poo Ay 

ranges and over a moderate pH range. No flowering or fruiting VE Iti 

dates, depth distribution, substrate preference, turbidity toler- (Oe 

ance, or common associates were determined. Flowering is rare * Literature reports \ J | 

and apparently occurs as the m Herbarium records LL? | Tf 

water recedes and the plant is cPLA 

exposed (Fassett, 1969). On 

the basis of cultivated PET tka 

specimens, Tessene (1967- pHunies 

68) reported plants flower- * hz 

ing from June through \ y _ liZ_ 
: 4 5 6 7 8 9 10 

August. Flowering / 

could be induced in 
Conductivity in pmhos/cm (25°C) 

emersed plants un- —:;) \ Y 

der long day condi- \ / Me 

tions. Reproduction Ny e 200 aon 600 si 
is mainly vegetative i ‘iN 

by means of stolons. ‘ / AK \ | Total alkalinity in mg/L as CaCO, 

WI (MM eo 
~ \ / Vy i 0 100 200-300 400 

) }) Figure 35. Distribution and habitat characteristics of Littorella uni- 

flora (L.) Asch. 
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Lobelia dortmanna L. water lobelia 

: : . ay saat Substrate Turbidity 
Found infrequently in low conductivity, low Ss} ie preference tolerant 

alkalinity lakes within the Northern Lakes a hard _ 
and Forests Ecoregion (fig. 36). It prefers aad ‘ Lo 

hard substrates and is found in water g | eS Jar Le 

depths to 2.4 m. Its turbidity tolerance is ZN a BoA 

unknown. It has a low association with \ > | Ed | 4 2 

all other species. Flowering and fruiting : | |e eT sig 

occur in midsummer. fo | | ri L_| la 

“psa egy 
Y * Literature reports } 7 1 

/ @ Herbarium records LLY iar. 

\ail 4 cPLA 
ee 

OY | Sig Pot ty be 
/ / Depth in cm 

Ml |i [| ke | 
CN \ Y 0 200 400 600 Spring Summer Fall 

My > 

m \ <¢ pH units 

| i, i \ 4 5 6 7 8 9 10 

\ My Conductivity in pmhos/cm (25°C) 
\\ > 

yl Anil Ys \ f Or Ht 
/ \ \\ o\ \ KZ 5 0 200 400 600 00 

| | as ~ Hi ) ff Total alkalinity in mg/L as CaCO, 

NV) VM 
\ WA 0 100 200 300 400 

(pay) Figure 36. Distribution and habitat characteristics of Lobelia dort- 

( i y K\ manna L. 
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Myriophyllum alterniflorum DC. alternate flowered water-milfoil 

/ oa" Substrate Turbidity 
An infrequent species, generally found in the Northern Lakes e preference tolerant 

and Forests Ecoregion (fig. 37). Outliers were found in “ _ _ 

Waushara and Walworth Counties. It appears that Wisconsin * 

is on the southern edge of the distribution range of this species. re] kA sen C- 

All distribution points but one were in areas where chloride | [| 

concentrations were less than 3 mg/L. This species can usually Y [| 4 | | 2 

be distinguished from other milfoils because it has dense, short ; | oa | apd 

(usually less than 1.2 mm long) leaves on an often sinuous, | rf ry 

much-branched stem (Voss, 1985). The uppermost flowers in IA | 

the spike are alternate. It is found in low conductivity and alka- PSL 

linity water but over a moderate pH range. Not enough infor- TTL 
mation was available to determine flowering and fruiting dates, c1 | Pf 

depth distribution, substrate preference, turbidity tolerance, or * Literature reports { J | 

association with other species. m Herbarium records ya i {/ 

CEE Te 
pH units 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

i= 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 37. Distribution and habitat characteristics of Myriophyllum 

alterniflorum DC. 
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Myriophyllum farwelliti Morong Farwell’s water-milfoil 

oe . oa! Substrate Turbidity 
A rare plant, found primarily in low alkalinity and low conduc- eo preference tolerant 

tivity water of Wisconsin (fig. 38). It prefers soft substrate, is | soft _ 

found over narrow conductivity and alkalinity but moderate pH 

ranges at a median depth of 1.8 m. It flowers in early summer, ant { lo 

but no fruiting date or turbidity tolerance was determined. | 

Some useful identifying char- > {od | 9 

i acteristics of this species | "7 ae ee = of Ys AV VY lee include flowers that are 

NOPE found in the axils of Si ff UNE FZ ound in the axils o: JF 

7 Y Vie NE ordinary submersed 
iy \ Ae ht WY VY PX leaves; some leaves Titi; 
Ny hy fipes => are whorled and <1 | Pit 15 
NC WW some are scattered along the * Literature reports } J | 

Ra DX YZ . . 
yy Ae He « stem. Common associates include m Herbarium records LL | Ty 

NY WES Brasenia schreberi, Potamogeton PT Tree 
SW Sh Ss . . ee SSW TZ Ss oakensianus, Utricularia gibba, and PTT 14 

YESX SES 5 , . Stn AV yee U. intermedia. This species is dis- || Pt 
S2ey- BOX || REF a : 
SS) ied tinctive when flowering, but veg- Depiivincens 

SaAS: Qs : : . 
SWMy KZ etative specimens may be difficult | int =f | y | 

NINE EE ; fe 
==) NAS to separate from M. heterophyllum ' 

SA wns ‘ 0 200 400 600 Spring = Summer Fall 
SRO Raz unless turions are 
BOX, |  <zé , pH units 
ZZ || (OE a present in late 

SS $e Te > <= summer (Voss, ———————= 
SSO) ee SoH] 1985). 4 5 6 7 8 9 10 

f Vii 7] : Conductivity in pmhos/cm (25°C) 

LEIS eo | 
Fe tales Nm 0 200 = 400~=S600—S«800 
GE SS 
SEC (KE Total alkalinity in mg/L as CaCO, 
ZN MES | = 

(RE ie — SSS ca 
7 0 100 200 300 400 

DL; Figure 38. Distribution and habitat characteristics of Myriophyllum 

Z farwellii Morong. 
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Myriophyllum heterophyllum Michx. various leaved water-milfoil 

oa? Substrate Turbidity 
An infrequent species, found over moderate ranges of alkalin- ie preference tolerant 

ity, pH, and conductivity at scattered locations in Wisconsin | no preference _ 

(fig. 39). It shows no substrate preference and is found in water 

depths to 5 m. It flowers in early summer, but fruiting re} | 5 I I 

iy) dates and turbidity tolerance were not determined. | fe 
a Common associates include Ceratophyllum demersum, yoo || 2 

ee Potamogeton pusillus, P. richardsonit, and P. zosterifor— , | y [| d | 4 

ill vex, mis. Because it has short internodes and usually more | r L_ | ra 

A than four leaves per node, it looks like a thick green “Ue han four leaves per node, it looks like a thick g ia 4 | 7 
ae rope underwater (Voss, 1985). This species is more Ps Le 

Dis abundant south of Wisconsin (Gleason and Cron- [TL 
Que quist, 1991). TL Pi Ty) 
i * Literature reports LT 

Ay \) ( ( A lee ‘i, @ Herbarium records CJ | 

Sy) My RX Vi} ? mat 

ZEK\ WiVfleF : 

iL Q)| Wiss \\' 0 200 400 600 Spring © Summer Fall 

~\ RW ea [fe Wi AX |) \\ / pH units 

TAU INS S 1: G _ =e 
LN p= SS g QS A} 4.5 6 7 8 9 10 

. EAL ZZ ZA SSS Ss 
YS RS = W i SS Conductivity in pmhos/em (25°C) 
Zips ZS ims 

SSIS Lay | N | \ \ 0 200 = 400«S600S«800 

t f7| A (\ RN Total alkalinity in mg/L as CaCO, CEN 
— Ly ii 0 100 200 300 400 
iQ YWYWYV7s jr WV Ba fh a , ss ; 
a ed i an \ Figure 39. Distribution and habitat characteristics of Myriophyllum 
ZW f LOS . 

GK Fret SS heterophyllum Michx. 
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Myriophyllum humile (Raf.) Morong 

oat Substrate Turbidity 
A rare species, found in the Northern Lakes and Forests Eco- A preference tolerant 

region (fig. 40). Crow and Hellquist (1983) found this species oT f } _ _ 

in shallow sandy or muddy margins of low alkalinity, acid lakes - 

in New England. From the limited information available, it fe] | | ro 

appears to grow in low alkalinity, low conductivity lakes in —{t 

Wisconsin, but pH varies widely. Because of its rarity, other YORE 9 
characteristics of the plant are unknown. Although the species aa 77 

is reported to be found sparingly in Minnesota (Ownby and } | po a 

Morely, 1991), it was not reported in Michigan by Voss (1985) CE cy 

or in earlier Wisconsin studies (Fassett, 1930c). Distribution es Ly 

information is based solely on literature reports. Myriophyllum YE: Til ys 

humile shares many characteristics with M. farwel/i. Foliage re 

leaves are partially scattered and partially whorled along the Literature reports be J & 

stem, and flowers are in the axils of leaves instead of terminal |e | TT 

spikes. Myriophyllum humile does not produce winter buds in CP 

the fall; WZ. farwel/iz does. 

, Sane 
pH units 

@ e @ ee 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

@e @ 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

oe ee 

0 100 200 300 A400 

Figure 40. Distribution and habitat characteristics of Myriophyllum 

humile (Raf.) Morong. 
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Myriophyllum sibiricum Komarov spiked water-milfoil 

a ; ; oa! Substrate Turbidity 
The most common milfoil in the state; widespread in northern ee preference tolerant 

and eastern Wisconsin (fig. 41). It can grow in water more soft no 

than 4 m deep, prefers soft substrate, and is not turbidity toler- . 

ant. It grows over a broad alkalinity range and moderate con- Ki. lees ee 

ductivity and pH ranges. Its only common associate is Cerato- : | 

phyllum demersum. This species is easily confused with M. yal Po] 4 b 

spicatum, and the two species ; | oa | a 

if have been lumped together and | rid ry 
yy — split a number of times. During a (/ 

4 most of the growing season, it is bE 

i difficult to separate the two spe- rT. [/ 

f cies on the basis of vegetative oT | Pe T JP} 

J characteristics, but MV. sibiricum * Literature reports | J" : 
9 : : . 2 LZ forms turions in the fall. Median m Herbarium records LL? | lef / 

), (, OF, pH, alkalinity, and conductivity val- PT ak ES 
Ses ues are significantly less for this species ria 

=} WZ an for M. spicatum. Flowering occurs 

yey) ae in early summer, and fruits are found by Depth incem 
We \I! Pe . 

SNe | se midsummer. 
yoy 

2G! WZ Z FLFR 

FELINE 0 200 400 600 Spring Summer Fall 
LISI fF fi HM Vil "Wa Cc pH units —tG —— AAW 5 | Sie eh Bo _ fz he 

\ WS) ULE ir ‘ 4 5 6 7 8 9 10 
SN = TR V ae - Or, Zr RY Conductivity in pmhos/em (25°C) 

SA a SHY) ( WEY [UE 
ZW | ae BLES 
<7) SEG 0 200 = 400«S600S«800 

Nw L ZO Total alkalinity in mg/L as CaCO. 

WP WOO | as SUI NSS | 
BE 0 100 200 300 400 

<= Grn Figure 41. Distribution and habitat characteristics of Myriophyllum 

=| Ss sibiricum Komarov. 
94 2 SSS 
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Myriophyllum spicatum L. Eurasian water-milfoil 

ona” Substrate Turbidity 
A Eurasian invader, found infrequently in the southern half of ae preference tolerant 

the state, but becoming more common and spreading to north- | ng preference ne, 

ern and western regions (fig. 42). It is found over broad alka- 

linity, moderate conductivity, and moderate but high pH ani [> l 

ranges. It can grow in water depths greater than 4 m, shows no | 

substrate preference, and is not turbidity tolerant. The average > [Ld || 2 

fruiting date is middle to late summer; however, it can flower , | [A | af 

and fruit twice, once in early summer and once in late summer. | ps fd ra 

The late flowering can be prolonged a {/ 

NZ and fruiting plants can be UTS EE 

& \ Yall \Z \ y found into early Novem- CT-Lhy 
Ys ton S i SS \ ZZ, ber. Because of its ‘| Ez 

Sag ~ AN Oo senna HO r WV, AA)NDNZ U/-_z,. ontusing tax * Literature reports 

aya > UG onomy and name Herbari |_| ay TS} 7K 2 Ay @ Herbarium records oJ 
YA apne N mm) : changes (see /. [=| 4, ak 

) Je sibiricum de- = 

39 Ses scsi Po TE be ety | NG scription), no ta, 

(Re el ai . SES i) ys) Na specimen re- Depth nem 

ta Sfp pose before $= | Z fe BR Ih . FR 

WI i i) 1960, when it ' Spi S all 
| 5 SSS Af ee was first 0 200 400 600 pring jummer I 

‘) <i) [gs th fete ie pH units 

40 (MRS oveheo in =| si Sanat de Wi é Ee = | RI Sa vade Wisconsin, : 7 7 1 
ys BS . : 

SHS a Z was included in 4 5 6 7 8 9 10 

| =) (a - this analysis. Conductivity in pmhos/em (25°C) 

WS BEAN ayye x 
Ly ME \\ illinoensis and 0 200 400 600 800 

HY / —~ <i 7h 

= IR P. siraatifoliuvare Total alkalinity in mg/L as CaCO, 

<i Kix 0 100 200 300 400 

y) Wig \ ( Figure 42. Distribution and habitat characteristics of Myriophyllum 
G7 spicatum L. 
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Myriophyllum tenellum Bigelow dwarf water-milfoil 

eae” Substrate Turbidity 
An infrequent species, found in low conductivity, low alkalin- We preference tolerant 

ity, circumneutral water in northern Wisconsin (fig. 43). All e hard _ 

distribution points were either in the Northern Lakes and For- 

ests Ecoregion or in low chloride, low sulfate areas in the rest fo) Jaan 25 Pee 

of the state. Myriophyllum tenellum prefers hard substrates; tur- P | 

bidity tolerance was not determined. It grows in water up to 4 > | Ls 2 
m deep. In deep water it can form dense turfs of leafless stems | _o eT «4 

that arise singly along buried rhizomes. In shallow water | | rs ry 

emersed tips produce flowers and fruits. Flowers and fruits are Va (/ 

found in midsummer. Myriophyllum tenellum does not com- Ps LE 

monly associate with any other -Tf[/ 
2 species. 1 | ia 

(i \ é * Literature reports | J | 
\ \ ( @ Herbarium records > he | T/ 

, CE 
\ | PT TT fe 

r i = Depth in cm 

| |[ kak | 
/\ ) a a a ee 

\ 0 200 400 600 Spring = Summer Fall 
) an \ pH units 

y J 4 5 6 7 8 9 10 ) § f) 
7 Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

ACTUAL SIZE Se 
0 100 200 300 400 

Figure 43. Distribution and habitat characteristics of Myriophyllum 

tenellum Bigelow. 
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Myriophyllum verticillatum L. whorled water-milfoil 

g bas © Substrate Turbidity 

An infrequent species, found in northern and eastern Wiscon- se preference tolerant 

sin (fig. 44). It grows in water depths to 4 m, shows no sub- a no preference no 

strate preference, and is not turbidity tolerant. It grows over a L 

broad pH range and moderate conductivity and alkalinity fe) fe Ia bo 

4A ranges. Flowering oc- | 
tee © curs in midsummer, yf bo || 0 

7“ but fruiting time was | —_ a * s 
Gy We . 

se not established. Vegeta- | | rf ry 

4 “ee tive material can be easily con- Ja 

y ae fused with that of M. spicatum and Ps Ey 

YK * M. sibiricum. This species generally has =| [[/ 
sti ee more than eight and fewer than 14 seg- oT | Poo 

& le ments on each side of the leaf, has a brown to + Literature reports \ J" 

vy ke a green stem, and may have some sessile leaves m Herbarium records LL? ny. 

A (Voss, 1985). Median pH, alkalinity, and con- PT - LER 

Ne ductivity were not significantly different than | ToT te 

SI We those of M. sibiricum, but were significantly less | | Pa 
SA than those of M. spicatum. Common associates Depth nem 

HY Me are Bidens beckii, Ceratophyllum demersum, EO | y | 

BN ii) G Lemna trisulca, Nymphaea odorata, Potamogeton ' 
SS i) AT 3 ea 0 200 400 600 Spring = Summer Fall 
We ( y natans, P. pusillus, P. strictifolius, P. zoster- . 
SIN \7; * 4, spears pH units 
Se VA y iformis, Typha latifolia, 

NG ; | | NY WA and Zosterella dubia. (a ae aa ine 
WN \ WA i O 4 5 6 7 8 9 10 

Uy 
KG Ze Conductivity in pmhos/cm (25°C) 

“LWwe \ Sh DD 
Z K<SS 3 / 0 200 00 00 800 

LZ .\ = aS Total alkalinity in mg/L as CaCO, 
WES ZN 

ZS] (SS K\ 

ZT) Wi Figure 44. Distribution and habitat characteristics of Myriophyllum 

ow verticillatum L. 
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Najas flexilis (Willd.) Rostkov & Schmidt slender naiad 

eae” Substrate Turbidity 
Abundant statewide. Najas flexilis often acts as a pioneer spe- ee preference tolerant 

cies by invading open or disturbed areas (Engel and Nichols, [== hard no 

1984) (fig. 45). It is found growing in water depths greater 

than 3 m, prefers hard substrates, and is not turbidity tolerant. oe). A lod S ree 

This plant can tolerate broad alkalinity and conductivity ranges * # i 

and a moderate pH range. It is an annual plant ef Ee | *.| ‘3 Q 

(\ } 7 that flowers in early summer and fruits abun- \ | [| d a 4 
AW, 4 : ‘ . 

Nj dantly in middle to late summer. It is an impor- | pfs ra 

\ yW/ tant duck food. It is an exceedingly variable Wa / 

N\ \ species; the differences between individuals \ PS 
(iN \ . . ¥ Wy are probably due in large part to habitat fac- mel -l[ 

\ iy tors (Voss, 1972). The leaf v1 LL | = 

I \ 7 base is tapered. Common Lites : = A\ yA \ . * Literature reports J7 | = 
SW Y .  & associates are Bidens m Herbarium records ya Ft / 

ys J kc beckit, Potamogeton Py et ET 

Ld y q P. illinoensis, fx ( | If ye gramineus, 5 |] FP ge 

y @& P. pusillus, P. strictifolius, | Fes | 
“i } 1 | / and Vallisneria americana. Depthlinen 

AC] Wf | [Lg ks 
= f NP | T T T 1 T Hh as 

r\ J [ J) 0 200 400 600 Spring Summer Fall 

WY \ P= pH units 

\ f =| 
a, “ ) 4 5 6 7 8 9 10 

A EX Conductivity in pmhos/cm (25°C) 

VZ | = | 
VA a : 0 200 400 600 800 

Y C) Total alkalinity in mg/L as CaCO, 

yr a 
| Z . 0 100 200 300 400 

Figure 45. Distribution and habitat characteristics of Najas flexilis 

(Willd.) Rostkov & Schmidt. 
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Najas gracillima (A. Braun) Magnus 

oa! Substrate Turbidity 
A rare species, found mostly in the Northern Lakes and For- oe preference tolerant 

ests Ecoregion in areas of low alkalinity and conductivity water _ _ 

(fig. 46). It has a narrow alkalinity and conductivity range and 

a limited pH range. All distribution points were in regions of ei t4 I Co 

low chloride, magnesium, and calcium concentrations. It is | [ 

found at a median depth of 1.5 m. Substrate preference, tur- > | id | 2 
bidity tolerance, flowering date, and common associates were : | iA | a4 

not determined. It fruits in late summer. Voss (1972) found it | | Ff A 

primarily in muck-bottom lakes in Michigan. It is intolerant of a / 

pollution and is becoming rarer throughout its range (Gleason Psi 

and Cronquist, 1991). Lobe-like widenings of the leaf base is a _Iti/ 

useful characteristic for identifying vegetative material of this oT | Pfr yo 

species. * Literature reports } J | 

@ Herbarium records ya r | LH 

i Depth incm 

| 7 PR , | FR 
s T T T 1 1 

i 0 200 400 600 Spring Summer Fall 

; pH units 

i 4.5 6 7 8 9 10 

- : 2 Conductivity in pmhos/em (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 46. Distribution and habitat characteristics of Najas gracillima 

(A. Braun) Magnus. 
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Najas guadalupensis (Sprengel) Magnus southern naiad 

. . oa? Substrate Turbidity 
A rare species, found over moderate alkalinity and conductivity eo preference tolerant 

ranges and a limited and fairly high pH range (fig. 47). Not | ~ ~ 

enough information was available to determine substrate pref- 

erence, turbidity tolerance, depth distribution, flowering date, ro) | I lo 

or common associates. Fruiting occurs in midsummer. Voss | [7 

(1972) stated that this species grows in depths of at least 4 m of Y [Ld || Q 

water in Michigan. It is reportedly more common south of ; | [4 | sy 

Wisconsin (Beal, 1977; Winterringer and Lopinot, 1966), and || rf ry 

it ranges into Mexico (Hellquist and Crow, 1980). Similar to IA (/ 

that of NV. flexilis, the leaf base of N. guadalupensis is tapered \ PS Le 

and not lobed; however, the leaf tips of NV. guadalupensis are T-1/ 

acute or rounded, not sharply pointed as are those of N. flexilis. ain Lif 1) 

* Literature reports L J | 

@ Herbarium records ya [| ~! 

CA 
pH units 

wii v 

fo PR 1 r 1 I 
4 5 6 7 8 9 10 Spring Summer Fall 

Conductivity in pmhos/cm (25°C) 

hl yy 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

nas. 
0 100 200 300 400 

Figure 47. Distribution and habitat characteristics of Najas guadalu- 

pensis (Sprengel) Magnus. 
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Najas marina L. spiny naiad 

/ ; — oo. wna” Substrate Turbidity 
An infrequent species, found in high alkalinity, high conduc- ee preference tolerant 

tivity, high pH water within the Southeastern Wisconsin Till soft _ 

Plain Ecoregion (fig. 48). All distribution points were in areas 

where alkalinities were greater than 30 mg/L, and all but one || I r 

point were in areas where chloride concentrations were greater | [7 

than 10 mg/L. This species may be increasing its range; it was > {Ld | | 0 

reported at only one location in 1951 (Ross and Calhoun, ; | a | ang 

1951). Its maximum depth range is approximately 3 m and it | | Ff : 

prefers soft substrate. Turbidity tolerance and flowering dates ‘tat / 

were not determined. Psi Le 
re es Fruiting occurs in tis i 4 SS a ’ Ww j BERS ' late samt Pit 74 

t yy SE oe Najas ma- * Literature reports { J | 
4 » : 

wd Of % Je rina does @ Herbarium records pa | T¢ 

WT ~ not associate : no ae ot CE 
( RS ie Ss with any other FT RA 

7 { dl] a species. || | 
Ngee 

& ,>y : Fee as Depthincm 
v : i pi AN A T T T 1 1 

( J J 0 200 400 600 Spring Summer Fall 

‘ Ys ao pH units 

i She he 
d ~ oo 4°55 6 7 8 9 10 

\ g ; Ve Conductivity in pmhos/cm (25°C) 
‘ : 7 

Gi / Z ¢ Es 
4 ) _ FR aya 0 200 400 600 800 

NS ARK Wer~ 
Ys Total alkalinity in mg/L as CaCO, 

Th 0 100 200 300 400 

Figure 48. Distribution and habitat characteristics of Najas marina 

L. 
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Nelumbo lutea (Willd.) Pers. American lotus 

ea” Substrate Turbidity 
A rare species, in inland lakes of Wisconsin (fig. 49). It is iP preference tolerant 

much more common in sloughs and pools of the Mississippi TH _ = 

River north to Pepin County (Fassett, 1946). Wisconsin is on LT 

the northern edge of the range for this species, and no distribu- man [5 C 

tion points were found in the Northern Lakes and Forests mn 

Ecoregion. It is found over limited alkalinity, pH, and conduc- STE Q 

tivity ranges. Substrate preference, turbidity tolerance, common F [4 | 

associates, and depth distribution were not determined. Be- Lt Ff 

cause it produces large, round, floating, or emergent leaves, it is CE | Fy 

restricted to shallow water and is probably turbidity tolerant. It \ Po or Ley 

flowers in midsummer and fruits by late summer. Fassett | Ctl / 

(1946) believed the range in rT EEE 

\ Wisconsin was extended * Literature reports | J | 
ait PP by Native Americans, m Herbarium records LA ar. 

Q j but he provided no PT + TT 
KX lps evidence to sup- C| L—) 

jg Z\ port his state- Fe aA 

4 5 6 7 8 9 10 Spring Summer Fall 

| Conductivity in pmhos/cm (25°C) 

| is 
i 0 200 400 600 800 

(ey MU ) 
Wh a ) \ Total alkalinity in mg/L as CaCO, 

ry Hy. “Ti | 
GA eA —— 0 100 200 | 300 400 

LA Smeg Cee 
= Figure 49. Distribution and habitat characteristics of Nelumbo lutea 

-f (Willd.) Pers. 
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Nuphar spp. yellow water-lilies 

A species with naming problems (fig. 50). These problems Nuphar microphylla (Pers.) Fern. is usually distinctive 

make discussing the habitat of the Nuphar species difficult and when it is a flowering adult. The species is found in low con- 

tenuous. Gleason and Cronquist (1991) recognized two large- ductivity, low alkalinity water of northern Wisconsin. Nuphar x 

leaf species found in the state: Nuphar variegata Durand and rubrodisca Morong is thought to be a hybrid between N. micro- 

N. advena (Aiton) Aiton f. The taxonomic distinction between phylla and N. variegata (Voss, 1985; Hellquist and Crow, 

the two is not difficult, but because of name changes it is not 1984). The median pH, conductivity, and alkalinity for NV. var- 

reliably known which species is being discussed in lake reports. iegata, N. x rubrodisca, and N. microphylla are the same, but N. 

Nuphar variegata is the most common Nuphar in the variegata has the broadest distribution range, followed by N. x 

state; it is spread statewide and is abundant. Wisconsin is on rubrodisca, and then N. microphylla. In Wisconsin it appears 

the northern edge of the range of N. advena. Herbarium speci- that NV. x rubrodisca is found in areas other than where the 

mens and Fassett (1946) placed NV. advena in southeastern ranges of the two parent species overlap. 

Wisconsin, except for one specimen from Hill’s Lake in Identification problems arise when working with small- 

Oconto County. The southerly distribution of N. advena fits sized vegetative material. It is never certain whether the speci- 

with its distribution in Michigan (Voss, 1985). It is ranked men is a depauperate NV. variegata or one of the smaller species. 

common, but this ranking is based on old lake reports. On the In N. microphylla the blade notch can be two-thirds or more 

basis of herbarium specimens, this species is much rarer than the length of the midrib, and in WN. x rubrodisca the blade notch 

N. variegata in the state. My analyses found that the median is about half the length of the midrib. There is not agreement 

pH, conductivity, and alkalinity are higher for NV. varie- whether the petiole of NV. microphylla is rounded in cross sec- 

gata than for N. advena, which would not be the case if N. tion (Voss, 1985) or flattened on top (Gleason and Cronquist, 

advena were found only in southeastern Wisconsin lakes, 1991). The whole group needs more careful study, with more 

where pH, conductivity, and alkalinity are high. Both species collections, careful field identification, and study of the influ- 

prefer soft substrate and are found in water 2 m or less deep. ence that habitat has on common taxonomic characteristics 

Turbidity tolerance is not a consideration because both species such as leaf and petiole size and shape. The other option is to 

have floating leaves that quickly reach the water surface in the treat the Nuphars as a single polymorphic species (Beal, 1956). 

spring. Flowering and fruiting dates were not determined, but Because of the confusion between N. variegata and N. advena, 

N. variegata is commonly seen flowering by early June. Com- their geographic and chemical distributions are combined in 

mon associates of NV. variegata are Brasenia schreberi, Nymphaea figure 50A. 

odorata, and Polygonum amphibium. 
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Nuphar variegata and advena 

cB aon gm 
a [~ 3 on soft no preference 

Ww ghee 
c Vr Nuphar advena SEES cel x a 
eS = = 

= A oe 
= J LE 4 S a r—| _ wae EET 

i eS 3 << WYP m Herbarium records lL? 

LI SK Vil qucinai 
EX oy Z Depth incm 

RX l ZB EN 2 = 
ESS ) A 0 200 400 600 

= ZB pH units 
— | | 
p= =| [. 5 6 | 

eS | | Conductivity in pmhos/em (25°C) 

Ee _ = <a | 
. Ad Is 0 200 = 400~=S«G00—s—t«é0 

Nuphar variegata L/{\ Vy [ /} ISS Total alkalinity in mg/L as CaCO, 

<A YESSY = 
Ba 0 100200300 400 

oN Figure 50A. Distribution and habitat characteristics of Nuphar vari- 

sos gata and advena. wos



Nuphar microphylla Nuphar x rubrodisca Morong 

oa” Substrate Turbidity oa? Substrate Turbidity 
a preference tolerant rf preference tolerant 

SH At : “ati kit ° 
Poe Ss ey ayy 

* Literature reports | J | 1 * Literature reports 1 Pir yo 

@ Herbarium records ya (| | [/ @ Herbarium records Ley 

CALS meet 
pH units pH units 

4 5 6 7 8 9 10 + 3: 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) Conductivity in pmhos/cm (25°C) 

a -— 
0 200 400 600 800 0 200 400 600 800 

Total alkalinity in mg/L as CaCO, Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 0 100 200 300 400 

Figure 50B. Distribution and habitat characteristics of Nuphar mi- Figure 50C. Distribution and habitat characteristics of Nuphar x 

crophylla. rubrodisca Morong. 
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Nymphaea odorata Aiton fragrant water-lily 

en” Substrate Turbidity 
Abundant and widespread in the state (fig. 51). For a long ee preference tolerant 

time, white water lilies in Wisconsin were separated into two [= 4 no preference no preference 

species, NV. odorata and N. tuberosa Paine. Gleason and Cron- LS 

quist (1991) considered them a single species, as did Voss (Oo) BY I> Lee 

(1985) for Michigan plants. Investigations cited by Voss ~ , 
(1985) suggested that characteristics used to separate the spe- at Be |] ‘ 0 

cies were largely controlled by the habitat in which the plants : | PLE se af 

<e grew. Here, N. odorata and N. | | Pg ry 

OQ} Aw tuberosa are considered a VA {/ 
XY i YILA single species. \ Pi 

aN CA Nymphaea odorata wae 

AR a TFS is found over moder- €] + Pi I 

pA YS conductivity ranges @ Herbarium records ya | #t/ 

see | SS and a wide pH PT? PER 
SS \ Seg range. Its median TT Fe 
S \ \ RSS depth range is 1 m. | | a 

Ee, 1 \ aN It shows no substrate Depth ine 
4 \h \\ iS Ay” or turbidity preference. | |) | y ® | 

< yy . . 

. di i\ IS Flowering occurs mn 0 , 200 40 600 Spring Summer Fall 
midsummer and fruiting Foci 

it 

U in late summer. Common asso- r * 

“ A ciates include Bidens beckii, 8 
}\\ A 

( Cay B Brasenia schreberi, Ceratophyl- 4 5 6 7 8 ? 10 

QW. lum demersum, C. echinatum, Conductivity in pmhos/cm (25°C) 

a Ee ES Dulichium ae A> Li | 

6 IK caulon aquaticum, Lemna trisulca, 0 200 400 600 800 

9) Myriophyllum verticillatum, Nuphar Total alkalinity in mg/L as CaCO, 

variegata, Polygonum amphibium, Potamoge- | aa 

ton pas, Sagar Dae S. rigida, peers celenpeats i T a . T hit T " ' i 

pum, Spirodela polyrhiza, Utricularia geminiscapa, U. vulgaris, Fi 51. Distributi d habitat characteristics of Nymoh 
Woiffincalumbinnn wid Zosterella dubia igure 51. Distribution and habitat characteristics 0 lymphaea 

odorata Aiton. 
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Nymphaea tetragona Georgi pygmy water-lily 

oa” Substrate Turbidity 
A circumpolar species of cold lakes and ponds. Wisconsin is on A. preference tolerant 

the southern edge of the distribution range of this species (fig. Tf _ _ 

52). Hellquist and Crow (1984) reported it is found in pro- . 

tected water of moderate alkalinity in Maine. It appears to iy” | ro 

grow in moderate alkalinity water in Wisconsin, but it is so PT y{t 

rare that little can be said about its habitat preferences, com- yf io _ 9 

mon associates, or flowering and fruiting phenology. Nymphaea PL | 

odorata plants with small leaves and flowers that grow in deep =n pe A 

water or in nutrient limited conditions, such as bog pools, CE ni 

could be confused with N. tetragona. Allegedly, N. tetragona sa 

lacks fragrance, and its flowers open only in the afternoon; we Tye 

N. odorata flowers open in the morning. The leaves of “ere 

N. tetragona are elliptical in outline with an open, deep sinus; } ey 

N. odorata plants have more orbicular leaves with a shallow leaf w= Herbarium records me aa, 

sinus. Few people Wisconsin have seen WN. ¢etragona in the field pL rT TT i 

to confirm these comparisons. Cc Cy 

Pt tf be 
pH units 

ee @ 

4 5 6 7 g 9 10 

Conductivity in pmhos/cm (25°C) 

@ @ @ 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

@ @ @ 

0 100 200 300 400 

Figure 52. Distribution and habitat characteristics of Nymphaea 

tetragona Georgi. 
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Phragmites australis (Cav.) Trin. common reed 

a wa” Substrate Turbidity 
An infrequent species, scattered around yr \ oe preference tolerant 

the state (fig. 53). Even though it is WA y [| T. - — 

an emergent found on lake mar- J Ve 

gins, Voss (1972) reported that it f } Le | b> 

can grow to water depths of 2 m. CI * ToT 

Depth distribution, common asso- Fx Yh ss ys! | | 0 

ciates, turbidity tolerance, and sub- ( V7 \ \ ao | 

strate preference were not deter- \ 1 rf 

mined. Phragmites australis grows SS LA CEI | cE 

over moderate pH, conductivity, \ | NN Gg \ a 

and alkalinity ranges. It was found } A LT] / 

at only one location where calcium \ oT | EH 

was less than 10 mg/L and alkalin- L \ + Literature reports } a 

ity was less than 15 mg/L as \ m Herbarium records LL? mar. 

CaCO,,. Flowering occurs in mid- PT + Lh 

summer; fruiting, in late summer. | oS C| 

However, the plant customarily repro- | ‘ wt Py RA 

duces vegetatively, often forming large | ff pHunits 

monotypic colonies by { 4 a yo” 

rhizomes or stolons. \ \ Nas _ ff | |__| 
\ i % Wr 4 5. 6 7 8 9 10 Spring Summer Fall 

\ \ wy 
\ \ \ Wwe Conductivity in pmhos/cm (25°C) 

VW NY, ve / an 
NYY 4 y / A 0 200 400 600 800 

NY} \\ iY 

\ a } i] Total alkalinity in mg/L as CaCO, 

\ / y DL | 
Ni \ 0 100 200 300 400 

A |, 
/ vf ie Figure 53. Distribution and habitat characteristics of Phragmites 

| australis (Cav.) Trin. 
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Polygonum amphibium L. water smartweed 

B oye 

Can be aquatic, amphibious, or terrestrial (fig. 54). Because ie preference Saleen 

habitat differences cause wide variation in characteristics, more [= no preference yes 

than 100 names (specific and infraspecific) have been applied 2 [TS 

to this diverse complex (Voss, 1985). The two species com- (ie) FA I> ee 

monly recognized in Wisconsin were P. natans for plants with E* con 

prostrate stems and floating leaves and P. coccineum for plants Se elt wy Q 

with erect stems and no floating leaves. The combination of [| ee 

the two species by Gleason and Cronquist (1991) is welcome; Lt pd 

it was based on considerable experimental work cited by Voss CE Zt 

(1985). Each of the two types (P. natans and Po ab EY 

Y i P. coccineum) is found infrequently in lakes. VE rl Lily 

ey) ea Polygonum amphibium is oT | Al Je) 

))  ¥ Vk found over nitodlenats sina * Literature reports | wl i \ ZZ linity and conductivity m Herbarium records LL? Le / 

EY i me maness ans a CFE EE 
\ Loo iL oi road pH ¥ 

\ {7 SSS — range. It is me 

Vi 7, AG ae toler- pH units 

) i KD ant and shows no | vy, 

V iy WES substrate preference. |, a u . 5 —— 5 ral 

I The aquatic form is = mnmer 

AT usually found in water less 

// than 1.8 m deep. Flowering and Conductiviey in panhos/een (25°C) 

(| J fruiting occur in late summer. Com- hli_——>SE 

mon associates include Brasenia 8 200 #00 600 800 

schreberi, Ceratophyllum echinatum, 

: fj] Dulichium arundinaceum, Nuphar Total alkalinity in mg/L as CaCO, 

\ y/ variegata, Nymphaea odorata, Pota- 7 : | 

\ mogeton pusillus, Sagittaria latifolia, 0 100 200 300 400 
<@ Sparganium chlorocarpum, 

SE. = : and. Coes Figure 54. Distribution and habitat characteristics of Polygonum 

Om Saris. amphibium L. 
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Pontederia cordata L. pickerelweed 

aa? Substrate Turbidity 
An aesthetically pleasing plant, found commonly around lake ie preference tolerant 

shores in northern and eastern Wisconsin (fig. 55). It can grow ctf no preference no 

in water depths up to 1.9 m and shows no substrate preference. : [TS 

An emergent species, turbid water should not affect it photo- (oat ie Le r 

synthetically; however, it is most likely found in clear water r ee 

lakes. It grows over a broad pH and alkalinity range, but an Se | . p 

unexpectedly narrow conductivity. No common associates were eos 

determined, and the plant can grow in monotypic patches. It Lt rf 

; comes in a variety of leaf shapes from CEI | ef 

s broad and rounded to narrow to a rosette \ po Ay 

a of submersed, ribbon-shaped leaves that ll / 
| could be confused with (see 

iN \ Se the submersed * Literature reports | J | ' 

\ (WEES >) leaves of Sagittaria m Herbarium records LL? | fq 
> \\ dy CF re Sparganium. CPE EE 

EC——$V Flowering occurs in le 
'LEy ‘ NS) \ —A midsummer. A tT hea 
—Zy) CZ] dense spike of blue Depthinen 

flowers is common; nl | y 

white flowers are also T rr . 
. 0 200 400 600 Spring Summer Fall 

\ possible. Voss (1972) re- . 

\ ported that the ribbon-leaved pies 

and white-flowered forms have me hz 

not yet been reported in Michi- 4 5 e 7 2 ? ag 

) \ gan, but he suspected they will Conductivity in pmhos/cm (25°C) 

be found there. To my knowl- a 

edge, they have not yet been 0 200 400 600 800 

found in Wisconsin. The role of ‘Total alkalinity in mg/L as CaCO, 

habitat in producing the differ- i L——_ | 

LJ), ent forms is an interesting re- | 

AN search area. . on. . . . 
4 i) Figure 55. Distribution and habitat characteristics of Pontederia 

= as cordata L. 
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Potamogeton alpinus Balbis alpine pondweed 

; ; . oa! Substrate Turbidity 
An infrequent species, found over moderate alkalinity and con- ie preference tolerant 

ductivity ranges and a broad pH range in northern and eastern rl _ — 

Wisconsin (fig. 56). Depth range, turbidity tolerance, substrate 

preference, and common associates were not determined. re} | 4 Lie 5 Io 

Flowering occurs in early summer; fruiting, in midsummer. | 

Voss (1972) noted that in Michigan this species is found in y | 4d | 0 

shallow to deep, but usually cold water, such as spring-fed ; | re oT a] 

lakes and streams. From the limited information available, this | | | | 4 ‘ 

also appears to be the case for Wisconsin. Sessile submersed Te (/ 

leaves with curved sides and a reticulate zone along the midrib Psi 

are useful characteristics for identifying this species. The plants Cl ll/ 

are usually strongly tinged with red, especially when dried. oT | Pfr 4 

* Literature reports | J | 

@ Herbarium records | i {/ 

CALE 
Pot TT te 

pH units 

Voy 

1 T T | I 
4 5 6 7 8 9 10 Spring Summer Fall 

Conductivity in pmhos/cm (25°C) 

hE 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

LSE 

0 100 200 300 400 

Figure 56. Distribution and habitat characteristics of Potamogeton 

alpinus Balbis. 
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Potamogeton amplifolius Tuckerman large-leaf pondweed 

oa? Substrate Turbidity 
One of the most abundant pondweeds in eastern and northern iP preference tolerant 

Wisconsin lakes (fig. 57). It prefers soft bottoms and mid- [= soft no preference 

water depths. It is found over a broad pH range and moderate 2 ‘ 

conductivity and alkalinity ranges. Its seeds are food for water- (ie) FR lz ee 

fowl and the plant provides fish cover. It flowers in early sum- r | 

mer and produces fruit in midsummer. It shows no turbidity Yel fe LF ae 

preference, but [| A a a 

chan ieence- Lf era 
oD Y tirpated from CE | F) 

Gi some southern \ Pot at TY 

# ~ xX Of y Wisconsin lakes rT Lis 

Ns NA f that have a history “1 | ae 
Nt Ny z J") \ QQ \ of heavy human use. * Literature reports \ J" | “a 

SS A\ This species is com- m Herbarium records LL? et 
>») monly associated with * i 

FY, Bidens beckii, Pot yt idens beckii, Potamo- 

\ 4 — geton robbinsii, and Fit sae | 

a P. strictifolius. Depthia en 

A mim || ka 
\ (7 0 200 400 600 Spring Summer Fall 

IX /\\ \ pH units 

\ 
y Ye 4 5 6 7 8 9 10 

i 01 i YP Conductivity in pmhos/cm (25°C) 

SS YW 0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 El 
0 100 200 300 400 

Figure 57. Distribution and habitat characteristics of Potamogeton 

amplifolius Tuckerman. 
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Potamogeton confervoides Reichb. algal pondweed 

oa" Substrate Turbidity 
A rare species, found primarily in northern Wisconsin lakes oe preference tolerant 

(fig. 58). It has limited alkalinity and conductivity ranges and a | _ _ 

moderate pH range. Substrate preference, turbidity tolerance, \ 

depth distribution, flowering and fruiting dates, and common || i I 

associates were not determined. | [| 

Hellquist and Crow (1980) found this species in the most > [Ld || o 

acid water of New England—pH was as low as 5.0 and alka- ; | rie vo s 

linity approached 0.0 mg/L as CaCO,. The low pH for Wis- | Ff ry 

consin was 4.8 and the median was 6.4, but it also appears to \ a (/ 

be found in Wisconsin in higher pH and alkalinity water than \ Pst 

in New England. It may be easily overlooked ‘ Iti 

& if it is not in fruit because it blends in with rT | PAT 15 

as Eleocharis acicularis, E. robbinsit, + Literature reports | 

and Scirpus subterminalis m Herbarium records Le 

(Hellquist and I 1 i 

| Crow, 1980). 1 Way CHa 
SAWN) SS NG WV pH units 

Mh 4 =| = 
Ia ae ee eR 

SAW IPN Wy 
abs KN ’ AY \ y} Conductivity in pmhos/cm (25°C) 

Wea NYP | 
X WAZ Sy A \ Y MZ Lot 

\F 4A) NI LY 0 200 400 600 800 

VW 
| Total alkalinity in mg/L as CaCO, 

TIN Liz | 
\ W/ 0 100 200 300 400 

AM 
17 \Y 

Figure 58. Distribution and habitat characteristics of Potamogeton 

confervoides Reichb. 
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Potamogeton crispus L. curly-leaf pondweed 

wea” Substrate Turbidity 
A Eurasian invader first collected in the state in 1905 (Ross ie preference tolerant 

and Calhoun, 1951). It may have been initially introduced with | soft yes 

fish stocking (Stuckey, 1979). It is common in southern and 

western Wisconsin (fig. 59). It prefers soft substrates, shallow fe). | 5 tas ro 

water, is turbidity tolerant, and is often associated with de- * | [J 

graded water quality. It grows, flowers, fruits, and produces yet “Ld || 2 

vegetative buds in spring and early summer and dies back by \ | [A | ang 

early to mid-July. The vegetative buds sprout in early autumn | | Ff ry 

and overwinter under the ice. It is Ja (/ 

© found over a broad conductivity \ PSL 

a R 8 A range and moderate pH and al- : [+l Ti/ 

Sh WW, B Wr kalinity ranges. Its seeds and tu- ‘| * Pi 1 

$i if FF ; bers are poor waterfowl food, * Literature reports {J 5] 

~ WB % but it provides some fish @ Herbarium records ya | “| / 

ofa SAI od habitat. It can become a f «fT Ey 

wt ¥ nuisance. Ceratophyllum : =) 

2 | | Ts W SS demersum, Elodea ca- | | ate | 

5 densis, Lemna mi- és 
aa aN fies ik me ? Depthincm 

fe i na eget ee | |__ gs 
te FOr \ ip foliosus, Sagittaria 0 200 400 | «600. Spring” S Fall 7 R. j a pring jummer 

aN ( latifolia, and 
A a 7 a cn We pH units 

Sg ene = = Y \Y) () are its common , 
Ry ‘Bl LP . 4 5 6 #7 8 9 10 Us y associates. 

AA cv Conductivity in pmhos/cm (25°C) BS SERS J " FAR So 
WR aN V4 T 

£Q\ 4 i 0 200 400 600 800 

TQ NY | 
& x QS He “SP | Total alkalinity in mg/L as CaCO, 

We | = | 
‘ \\ } s Sa T We RSS 0 100 200 300 400 

/ q Figure 59. Distribution and habitat characteristics of Potamogeton 

crispus L. 
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Potamogeton diversifolius Raf. water-thread pondweed 

oc Substrate Turbidity 
A rare Wisconsin plant (fig. 60). Gleason and Cronquist a preference tolerant 

(1991) considered P. capillaceus Poiret as part of this species. | soft — 
Voss (1972) maintained the distinction for Michigan plants 

and only reported P. capillaceus. Potamogeton diversifo- ane les rm 

fius is found over low and narrow alkalinity and conductivity | 

ranges and a moderate pH range. Maximum growth depth is Y | | | o 

less than 1.8 m, and it prefers soft substrate. ; | yi a 

Q , Turbidity tolerance and flowering dates | rf ry 

[ {7 were not determined. Fruiting occurs in \ at (/ 

Sa \ I late summer. Ross and Calhoun \ Pat 
\ W, ZA (1951) described P. diversifolius as a _tTti/ 

. f southern species found primarily ce a 

NY in the Mississippi and Chi |) in the Mississippi an ippewa * Literature reports | J | 

/) Rivers. Potamogeton capillaceus is a m Herbarium records ya | {/ 

Y) KK coastal plain species found PT Ft 

JN sparingly in soft water lakes To. 

>) of central Wisconsin. Given | | | 

Ys the habitat preferences of this Depthiinvera 

p species, it has a surprising and un- Hill | me 

DX expected array of common associ- | . 
. . 0 200 400 600 Spring Summer Fall 

() ates. Many of its associates are 
‘ pH units 

PIN more commonly found in Cd 

IKy higher alkalinity and fiz is ; 

A conductivity water. 4 5 e 7 2 2 a0 

Common associates Conductivity in pmhos/cm (25°C) 

ani include Ceratophyllum iz 

IN demersum, Elodea 0 200 400 600 800 as A 
= canadensis, Lemna minor, 
QD z 2 Total alkalinity in mg/L as CaCO, 

L. trisulca, Potamogeton mn | 

zosteriformis, Ranunculus 
x ‘ ‘, 0 100 200 300 400 

longirostris, Spirodela Fi 6. Disuibut d habitat ch: seties’ot Por , 
; igure 60. Distribution and habitat characteristics of Potamogeton 

/) ; . . 
poy) nt ind Wagpa diversifolius Raf. 
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Potamogeton epihydrus Raf. ribbon-leaf pondweed 

oa” Substrate Turbidity 
A common plant in northern Wisconsin lakes, also found in iP preference tolerant 

central Wisconsin (fig. 61). All distribution points but one no preference no preference 

were in areas where magnesium concentrations were less than i he 

10 mg/L. It is found in low conductivity and low alkalinity wa- LO) Jae Le 

ter and over a moderate pH range. It shows no substrate or ies 

turbidity preference and has a median growth depth of about > [be "74 ey a 

1 m. It flowers and fruits in midsum- , | Pe eT a4] 

@ mer, and its seeds, | | Ff ry 

e Gi tubers, and foliage Sa beat {/ 
SSS a i are good waterfowl \ Pa LE 

4 / food. This species Iti 
\) has no common as- cy | Pit 

St pe sociates. A broad re- + Literature reports | 2] | 

(KK C 4 ticulate region on @ Herbarium records LL? i {/ . [Pr each side of the midrib rT Clk 
& D 7 of submersed leaves aids Toa 

\ identification. | | | 

(/ y Gi Depth in cm vy 

\ [ ii | FLER 
—— 

X WY Iy 0 200 400 600 Spring Summer Fall 

| : ( J pH units 
\ 

7 J Emit 
[ A 4 5 6 7 8 9 10 

[ fv” Conductivity in pmhos/cm (25°C) 

Xk 7 0 200 400 600 800 

= \ Total alkalinity in mg/L as CaCO, \ SJ ity 8) 

Sa IW ) 0 100 200 300 400 

i igure 61. Distribution and habitat characteristics of Potamogeton ~ Figure 61. Distrib d habitat ch f Potamog. 
epihydrus Raf. 
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Potamogeton filiformis Pers. thread-leaf pondweed 

; ; . oa? Substrate Turbidity 
An infrequent species, found over moderate alkalinity and con- a preference tolerant 

ductivity and limited pH ranges in northern and eastern Wis- | no preference _ 

consin (fig. 62). It shows no substrate preference and has a 

maximum growth depth of 2.7 m. It flowers and fruits in early re) | lin rR 

summer. Voss (1972) noted that this species fruits best in shal- | 

low water over a sandy bottom. No common associates were > {id || Qo 

found and turbidity tolerance was not determined. This species ; | on | at 

looks much like P. pectinatus, but has blunt rather than long, | Ff ry 

tapering leaves. The leaf tips of P. filiformis can have a tiny Ja (/ 

notch, but a strong lens is needed to see this characteristic. \ Psi Le 

Vegetative material might also be mistaken for Ruppia mar- Titi; 

itima (Voss, 1972). <1 | ria 

* Literature reports Ls J | 

@ Herbarium records _| | {/ 

CAE 
Pt yy be 

Depth in cm 

vv | | FLTR 
T «1 

0 200 400 600 Spring Summer Fall 

pH units 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 62. Distribution and habitat characteristics of Potamogeton 

filiformis Pers. 

130 131



Potamogeton foliosus Raf. leafy pondweed 

oa” Substrate Turbidity 
An infrequent species, spread evenly across the state (fig. 63). iP preference tolerant 

It is found primarily in shallow water, prefers soft substrates, ry soft yes 

and is turbidity tolerant. Typically, it is found in alkaline pH LS 

water and over a broad alkalinity range and a moderate con- |) 5 Io rr 

ductivity range. It flowers in early summer and produces fruit | a 

by midsummer. Seeds, tubers, and foliage are good waterfowl >| || ‘ Q 

food, and the plant provides fish habitat. Common associates ; | a | a 

include Ceratophyllum demersum, Elodea canadensis, Lemna mi- | | Ff 7 

nor, Potamogeton crispus, P. vaginatus, Sagittaria latifolia, and a (/ 

Typha latifolia. Sterile specimens are difficult to distinguish \ PS 

from P. pusillus (Voss, 1972). i CF TL 

\ ay GSE 4 
| \ (is * Literature reports |. an) AG , TTY Ay = (~ @ Herbarium records CJ 

NV \ AFA, PT [Th 
jo WF 

CWyp IN Pd feeb 
LOW F AL V, oN) A Ee ZZ Z< . Depth in cm a WOVAAKY | oe A, WWAOX mm / ov IN \ \ 0 200 400 600 Spring Summer ‘Fall 

f e~ \(] \ Te A pH units 

i \ We AMF YF Th 

“ FR 4 5 6 7 8 9 10 
f/f (~~ S \ 

f YY G SS XO Conductivity in pmhos/cm (25°C) 

yji/o~ 2 
\/ €) / 0 200 400 600 800 

Ch Total alkalinity in mg/L as CaCO, 

= Ss | iS 
{ =SAN 0 100 200 300 400 

at” Figure 63. Distribution and habitat characteristics of Potamogeton 

foliosus Raf. 
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Potamogeton friesii Rupr. Fries pondweed 

; : : ; od Substrate Turbidity 
An infrequent species, found in eastern and northern Wiscon- ie preference tolerant 

sin (fig. 64). It has a broad alkalinity range, a moderate and _ _ 

generally alkaline pH range, and a moderate conductivity 

range. Not enough information was available to describe its an i= r™ 

depth distribution, substrate preference, common associates, or | 

turbidity tolerance. Voss (1972) found it in quiet and flowing > [Cd || o 

water in Michigan and in water depths to 6 m. Fibrous, white ; | r[A | a 

stipules help identify this species. It may intergrade with P. || Ff ry 

strictifolius, and it is sometimes hard to distinguish between the Ia / 

two species (Voss, 1972). It flowers early in Pat 

the summer and fruits by midsummer. CFA 

* Literature reports \ Pd) 

| “| @ Herbarium records oJ Ca 

! cH rE LS 
Pot yoke 

> pH units ) 
voy a | PR 

4 5 6 7 8 9 10 Spring Summer Fall 

Conductivity in pmhos/cm (25°C) 

L ee 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

| hl 

0 100 200 300 400 

Figure 64. Distribution and habitat characteristics of Potamogeton 

friesii Rupr. 
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Potamogeton gramineus L. variable-leaf pondweed 

oa! Substrate Turbidity 
A common species, widely distributed in the state. Potamoge- ie preference tolerant 

ton gramineus is an extremely variable species that has a num- fs hard no preference 

ber of varieties that may be the result of habitat differences : Le 

(fig. 65; Fassett, 1969). It also hybridizes with most broad- | EY ia CE 

leaved pondweeds (Hellquist and Crow, 1980). It is found over oe 

broad alkalinity and pH ranges and a limited conductivity ana |_| ’ Q 

range. It grows at a median depth of 1.1 m, prefers hard sub- \ b* [4 OO a 

strate, but shows no turbidity preference. Flowering occurs in | pa ry 

early summer; fruiting, Va (/ 

ff in midsummer. Com- SEE 
® . j), . -§ 
DA % i} mon associates . . 
\N “% )} Y include Chara \ | [ | | 

\ \ y GY spp., Najas * Literature reports | 1 | 

\ WZ fi exil is, and Vallis- @ Herbarium records LL? | itl 
\F y neria americana. Sub- CPL 

\ mersed leaves that are we) 

{ Z& sessile or have very short Pty Pk 

Va SSS petioles help identify this Depth in'em 

species | RR \ ip \ . | FLFR 

AG AN 0 200 400 600 Spring Summer Fall 

\\\ / \\ pH units 

\ 4 5 6 7 8 9 10 

\ I iy Conductivity in pmhos/cm (25°C) 

: 0 200 400 600 800 

\Y Total alkalinity in mg/L as CaCO, 

yy a 
() ~ T 

| 0 100 200 300 400 

/) Figure 65. Distribution and habitat characteristics of Potamogeton 

gramineus L. 
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Potamogeton illinoensis Morong Illinois pondweed 

ed Substrate Turbidity 
An infrequent, broad-leaf pondweed of eastern and northern e preference tolerant 

Wisconsin (fig. 66). It is found over a broad alkalinity range, a no preference no 

moderate and high pH range, and a moderate conductivity LS 

range. It flowers and fruits in midsummer and shows no sub- an Lo [= 

strate preference. It is not turbidity tolerant and is probably be- | 

coming increasingly rare where water clarity has decreased. It y-1 Ld 4 o 

is commonly found in water less than 2 m deep, but its maxi- \ | —_o 8 < 

mum depth distribution is greater than 3 m. | ri L_| 
Bp : s | or {) 
Re Associates are Chara spp., Myriophyllum a (/ 

Se } AA ical Najas \ in || <a | g jfleilis, and Potamo- al | Ls 
—_ \ \ YF geton strictifolius. It \ | eel |) 

aN KE : 
—_ AY ff Fi Lz can be difficult to * Literature reports | | . 

SS WY) aN separate it from large- m Herbarium records ya mar. 

i leaved varieties of CPE 
Ep . : 
ae / P. gramineus | [Pea 

Li <~ (Voss, 1972). || “| 

- ip ‘im pes _ ==> Y ‘ T 
SS EZ yd 0 200 400 600 Spring Summer Fall 

> % ( pH units ~~ VW 4 
x o) y 4 5 6 7 8 9 10 

4 
l Conductivity in pmhos/cm (25°C) 

y) SE 
5 = 0 200 400 600 800 fx NS Total alkalinity in mg/L as CaCO, 

CEQ \ | SECU 
SN 0 100 200 300 400 

. Figure 66. Distribution and habitat characteristics of Potamogeton 

illinoensis Morong. 
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Potamogeton natans L. floating-leaf pondweed 

oa? Substrate Turbidity 
An abundant species, found over a wide area of the state (fig. eo preference tolerant 

67). It shows no substrate preference and is most commonly no preference no preference 

found in water less than 1.5 m deep. It can grow in highly tur- xs LY 

bid water (Engel and Nichols, 1994), but shows no turbidity ro), EA le a 

preference. It is found over a broad range of water chemistries. a | 
Flowering occurs in early summer and it fruits by midsummer. Yet bo |} # 9 

Associates are Ceratophyllum echinatum, Myriophyllum verticil- ; p [a a4] 

latum, Potamogeton pusillus, P. strictifolius, P. zosteriformis, | Ff rs 

Sparganium chlorocarpum, and Utricularia vulgaris. A floating VIA (/ 

leaf with a heart-shaped base helps \ Pate 
rt identify this species. mide 

=< a yy \ BW\X\J | F 5 Ui * Sen reports Lj soe, 

« Y) / @ Herbarium records CJ a 

WA ie CFE EES ) | TS Ny \ 

i & Vs = \ Depth in cm 

B, Z, } LS FLFR 

Y Y 0 200 400 600 — Spring Summer Fall 

\ f pH units 

4 5 6 7 8 9 10 

‘ l Conductivity in pmhos/cm (25°C) 

V iim 
\ J 0 200 400 600 800 

h Total alkalinity in mg/L as CaCO, 

_ as SC 
\Z 0 100 200 300 400 

" Figure 67. Distribution and habitat characteristics of Potamogeton 

natans L. 
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Potamogeton nodosus Poiret long-leaf pondweed 

wa” Substrate Turbidity 
An infrequent species, most common in southeastern Wiscon- ee preference tolerant 

sin, but found statewide (fig. 68). It is more common in flow- | no preference yes 

ing water than its infrequent status in lakes indicates (Ross and LS 

Calhoun, 1951). It is usually found in water about 1 m deep, ro) | 5 I ro 

shows no substrate preference, and is turbidity tolerant. Its | [ 

median pH, conductivity, and alkalinity values are the highest y:[ Ld || © 

of all the pondweeds studied and are high com- 7 ree Lek 

, _ pared to other species. || an 

\ Ie A Common \ | ; | Ej 

| Wf _af sw Co PL WW \ [ i] Gf associates 

Yj are Lemna lf \ | Gj sien TCI] 
\ iA minor, Vallis- | +b | AW IW) mn |. 

\ Y - neria americana, * Literature reports | “1 2] 

S Wolffia columbiana, @ Herbarium records ya [4 / 

// and Zosterella dubia. PT? TER 

Flowering and fruiting ** 

y | LES | YW occur in midsummer. Long | | “be 
<= SSS 

7 SSA VA petioles on submersed Depthiinvera 

eaves help identify this y leaves help identify thi vy 
\ \V species. : 

0 200 400 600 Spring Summer Fall 

: pH units 

y 4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

\ Total alkalinity in mg/L as CaCO, 

AW 0 100 200 300 400 

=P > Figure 68. Distribution and habitat characteristics of Potamogeton 

2 eo A! FE nodosus Poiret. 
Se Va fli f 
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Potamogeton oakesianus Robbins Oakes’ pondweed 

; ; . oa! Substrate Turbidity 
An infrequent species, found over a moderate alkalinity range, a preference tolerant 

a narrow conductivity range, and a broad pH range at scattered hard _ 

locations across the state (fig. 69). It grows at a median depth 

of 0.6 m and prefers hard substrate. It flowers in early summer. | 45 I C™ 

No fruiting dates or turbidity tolerance were determined. | [| 

Common associates include Brasenia schreberi, Myriophyllum y [od | Q 

farwellii, Utricularia gibba, and U. intermedia. Vegetatively, this , | a a af] 

species looks like a delicate form of P. natans. Fruits are | pf ‘ 

needed to separate P. oakesianus from P. natans if identification IA / 

is questionable. POT 

* Literature reports } J | |) 

@ Herbarium records ya | HH 

CH 
Depth in cm 

Vv 1. ) [8 
T «1 

0 200 400 600 = Spring Summer Fall 

pH units 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 68. Distribution and habitat characteristics of Potamogeton 

oakesianus Robbins. 
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Potamogeton obtusifolius Mert. & Koch blunt-leaf pondweed 

; ; . . oa! Substrate Turbidity 
An infrequent species, found over limited alkalinity, pH, and ie preference tolerant 

conductivity ranges in Wisconsin lakes (fig. 70). It grows in soft = 

water depths to 1.8 m, prefers soft substrate, and fruits in mid- 

summer. Flowering date and turbidity tolerance were not de- | | Ia I 

termined. No common associates were found. All distribution | [7 

points except one in Waukesha County were in the Northern y [od |_| 2 

Lakes and Forests Ecoregion. This species prefers cold lakes ; | [a | a 

and streams and is on the southern edge of its distribution || rf ry 

range in Wisconsin (Ross and Calhoun, 1951; Hellquist and Va (/ 

Crow, 1980). Potamogeton obtusifolius is a narrow-leaved pond- Pt 

weed that is difficult to identify using only vegetative material. Titi 

Some characteristics to look for are nodal glands, non-fibrous oT | PAT 75 

stipules, rounded leaf tips, a light-colored cellular reticulate * Literature reports | J | 

band along the leaf midrib, and principal leaves that are some- m Herbarium records Ll? a, 

what red, especially when dried. quaina: 

Pt tT Tt te 
Depth in cm 

ie — FR ooo 
0 200 400 600 Spring Summer Fall 

pH units 

SE ECE Ee Le ce 
4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

| rT TTT 
0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 70. Distribution and habitat characteristics of Potamogeton 

obtusifolius Mert. & Koch. 
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Potamogeton pectinatus L. sago pondweed 

wat Substrate Turbidity 
An abundant species, found over most of the state (fig. 71). It ie preference tolerant 

shows no substrate or turbidity preference. It can survive poor - no preference no preference 

water-quality conditions (Engel and Nichols, 1994). It has a Ls 

broad alkalinity range and moderate conductivity and pH eh ea es ie 

ranges; the upper limit of its pH range is among the highest of | [= 

all the plants studied. Growth can take place in water depths ye[ | 2 

greater than 4 m, but growth in 1 to 2 m is more typical. It | ae | ak a 

flowers in spring and fruits by midsummer. Abundant produc- | | Ff ry 

tion of seeds and tubers make it an im- a 

portant plant for waterfowl food. It is % \ PH EE Vy 

not commonly associated a ' Eél.. 1 / 

with any other qe) vi oe (ih &/K | Pet?) 
pecies. |) \\ Wd di LEZ * Literature reports | “4 jt a WIN i | WAZ 

y| \| | YAIR yl Wiz 7 @ Herbarium records | [et MATAR YZ i ARCA AAT WEA A rs VAR SANS VO LGU 5 
RINSE GLZ : a) 

Sa [> —SZJ—= Depth in cm 

WN IS yo LX \ AZS gE | it or 
[SSS Z 0 200 400 600 Spring Summer Fall 

—<—-a Y ff pH units 

Sl Wo | = | Ss y / SSS SN \\ ee] 
SY 4 5 6 7 8 9 10 

i f ( Conductivity in pmhos/cm (25°C) 

i j , 0 200 400 600 800 

q ~ \ \/ Total alkalinity in mg/L as CaCO, 

IN, 0 100 200 300400 

Figure 71. Distribution and habitat characteristics of Potamogeton 

pectinatus L. 
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Potamogeton praelongus Wulfen white-stem pondweed 

oa” Substrate Turbidity 
A common plant, found most frequently in northern and east- ie preference tolerant 

ern Wisconsin lakes (fig. 72). Potamogeton praelongus in Wis- [~ 4 soft no 
consin lakes is generally found in water less than 4 m deep, but ‘i 

Voss (1972) reported some plants in Michigan in water 7 m | PPA t= 2 

deep. It prefers soft substrate and is not turbidity tolerant. It is | 

found over a broad pH range, a moderate alkalinity range, and Yet Led || 2 

a limited conductivity range. The high end of the pH range is ; | ne | 4 ong 

among the highest of the species studied, but | | pF oad ry 

& median alkalinity and conductivity are lower \ at (/ 

# — than for many species. Not enough infor- \ Pst 

% mation was available to calculate a flower- m1 LL; 

Q ing time, but fruiting occurs in early oT | PAT] 

\ f) summer. Common associates are * Literature reports } 71 

} y h LF? Bidens beckii, @ Herbarium records LL? | Tf 

| OA scent CEE TE Y tp d L i * 
y lemersum, Lemna 

\ fe trisulca, Potamogeton tt “azz | 

NY LI >  xosteriformis, Utri- 
WS = i ? Depth in cm 

‘i Va —F cularia geminiscapa, | yi 
a / Gi : d rT RK — and Wolffia . \ \" EB whine The 0 200 400 600 Spring Summer Fall 

WSs \ Z , H uni 
SN" | A. leaf tips are usually ee Sl 

~ 7 boat shaped; when Ll 

if ( pressed flat, they split. 4 7 6 a 8 9 a 

Conductivity in pmhos/cm (25°C) 

Z| J 0 jj \ BO | rT TP TTT 
ff Wi Z ] 0 200 400 600 800 

| \, i Lh) Total alkalinity in mg/L as CaCO, 

EFS lhc 
PS 

Asa ? 0 100 200 300 | 400 

I Figure 72. Distribution and habitat characteristics of Potamogeton 

praelongus Wulfen. 
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Potamogeton pulcher Tuckerman spotted pondweed 

| oc Substrate Turbidity 

A rare species, found only in four Wisconsin lakes (fig. 73). A preference tolerant 

Because of its rarity, little could be determined about its eco- - _ —_ 

logical characteristics. It is locally abundant in acid water of - 

New England (Hellquist and Crow, 1980). On the basis of the matt | ro 

limited data available, it appears not to be confined entirely to | 

acid water in Wisconsin. Wisconsin seems to be on the west- yf i i 9 

ern edge of its range. The stems and petioles of this species are ZZ Ls | 

conspicuously black-spotted or mottled and the blades of the ' po ro 

| floating leaves are ial i 

| ight hear ESL 
| ; shaped at the > ys 

| / base (Voss, oy ria 

| 1972). ye 1 yy 

m Herbarium records LL. P| / 

- CLE 
| pH units 

7 ee eee ee 

( \\ | 4 5 6 7 8 9 10 

N | | 
i) y Conductivity in pmhos/cm (25°C) 

— woe e 
V/ N 0 200 400 600 800 

SS / Ye Total alkalinity in mg/L as CaCO, 

SSR © oe e 

\ WS 0 100 200 300 400 

N 
\ 

Figure 73. Distribution and habitat characteristics of Potamogeton 

pulcher'Vackerman. 
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Potamogeton pusillus L. small pondweed 

. a ; ; oa” Substrate Turbidity 
A common species, widespread in Wisconsin (fig. 74). It is iP preference tolerant 

found over moderate ranges of alkalinity and pH and a limited soft yes 

conductivity range. It grows to a depth of 2.6 m and is turbid- x LS 

ity tolerant. Flowering occurs in early summer and fruiting in so), be geo ro 

midsummer. Common associates include Bidens beckii, Cerato- * aa 

phyllum demersum, C. echinatum, Dulichium arundinaceum, Ye] ke ss 2 

Myriophyllum heterophyllum, M. verticillatum, Najas flexilis, ‘a rie . ae: 4 

Nymphaea odorata, Polygonum amphibium, Potamogeton natans, | | Ff rn 

P. richardsonti, Sparganium chlorocarpum, Utricularia gemini- a 

scapa, U. vulgaris, and Vallisneria americana. Potamogeton \ Po bY 

berchtoldit Fieber was previously separated from P. pusillus; now : Cc ttt 

the two are combined (Gleason and Cronquist, 1991). My \ Pf fT 

\. analyses showed that the type identified as * Literature reports } J | 

A. ~ | * P. berchtoldii grows in deeper @ Herbarium records LL? | {Tf 
Qy \ \ water and prefers eT +CFh 

\ | Sh i igh AT harder substrate than na 
\ VZANW | 2, P. pusillus, Th Ds VAN Ye mie WA Us <S ¥) ZA no difference in Depthiinvera 

\ ay \\V\ Sve | median alkalinity, i | wy. 

\ lA Q (i y Lr conductivity, or pH 0 200 40060) Spe ” . : Fall 
( Ss PS QOH LS between sites where uni Pring. ummer 

wn Vy » i] 7 the two plant types ee 

‘ pal f row. The glands mm 
( CF HF Y 8 heb = ¢ 4 5 6 7 8 9 10 TA [Le Px at the base o 
Ve =e A ff \Z some leaves of Conductivity in pmhos/cm (25°C) 

Of Hn 2 Ppuriliexare hz 
= : | 

, \ sometimes use- 0 200 400 600 800 

JNJ = ful for separating Total alkalinity in mg/L as CaCO, 
Ye Ao ee sterile specimens of Lb 

ZL _ . : 
\ m ome from 0 100 200 300 400 

ha Figure 74. Distribution and habitat characteristics of Potamogeton 

pusillus L. 
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Potamogeton richardsonii (Ar. Bennett) Rydb. clasping-leaf pondweed 

: oa? Substrate Turbidity 
A common plant in many lakes and ponds of the state (fig. ee preference tolerant 

75). It shows no turbidity or substrate preference and can | no preference no preference 

withstand environmental disturbance (Davis and Brinson, LS 

1980). It is many times the only broad-leaf pondweed found in fo, a be ae 
ae * e 

degraded water. Flowering occurs in early summer; fruiting, by i : P| 

midsummer. It is found over mod- Yat “Ed ¥ o 

as A ge erate ranges of water chemis- a a 
a pr, ff . . , | I] 

ey A @ _ tries and in water depths to i rs 

\ r LE” £ 4m. Common associates Ja / 

BOY LA ge are Bidens beckii, Ceratophyl- PS 

f - / lum demersum, Myriophyllum ret 

ily Jays heterophyllum, Potamogeton se | Lat J 

SrellEe 5 i pusillus, and Utricularia gemi- + Literature reports \ 

gt SS niscapa. . |_| ff / oS Sy 4 da m Herbarium records CJ 

iP “f= Fret 
ABE ZR p~ aR an (/ 7 || a 

RY XK Kp 
e a LY Depth in cm 
Pf \Frex iz voev 

Sais i, ‘\ 
A [ZS { \ 0 200 400 600 Spring Summer Fall 

SIME Cut “<. = \ “d pH units 

(ee _ | {foe a 
Q “a DH 4 5 6 7 8 9 10 

Hy \) rece” Conductivity in pmhos/cm (25°C) 
MY Ww WIE 

Ast hr N | TT TT TTT 
» A Wy. Ahery, 0 200 400 600 800 

| \ RAS 
Aron | Sa = Total alkalinity in mg/L as CaCO, 

fi 0 100 200 300 400 
Gif) 
al Figure 75. Distribution and habitat characteristics of Potamogeton ri- 

chardsonii (Ar. Bennett) Rydb. 
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Potamogeton robbinsii Oakes fern pondweed 

. ae : sa" Substrate Turbidity 
A common species, found primarily in northern but also in le preference tolerant 

eastern Wisconsin (fig. 76). It shows no substrate or turbidity no preference no preference 

preference. Its median growth depth is the deepest of any of LS 

the pondweeds in the state—it grows in water up to 4.5 m aul Le ro 

deep. It has a broad pH range, but is found over limited con- ; [| 

ductivity and alkalinity ranges. Voss (1972) reported that flow- ‘et Led | bo 

ers and fruits are rare. No flowering date was established, but PL [I a 

fruits were found by midsummer. Potamogeton am- Lt pf 

plifolius is its only associate. Its fern-like appear- The he fF) 

ance is much more evident while the plant po 

\ \ is in the water than when it is pressed. LS bey 

LP / eh * Literature reports | Tod 
= { @ Herbarium records a | t/ 

LM AS T_T 
\ 2 Sa V Snes 

Z7WYN\ Ni 4 

AY Y yj A Depth in cm 

\iZ r = ; 
i TA a \\ Ls hl Jk | 

So VV — \ 0 200 400 600 Spring Summer Fall 

oN y > , pH units 

——\| — a || 
te 4 5 6 7 8 9 10 
S= l— 

NS Conductivity in pmhos/cm (25°C) 

~~ I /] 2 / | rT TT 
\ \ fg i Ve 0 200 400 600 800 

y 
\ an Total alkalinity in mg/L as CaCO, 

> i fed | = 
\ fie Su | 0 100 200 300 | 400 

} ~ Figure 76. Distribution and habitat characteristics of Potamogeton 

robbinsii Oakes. 
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Potamogeton spirillus Tuckerman spiral-fruited pondweed 

on” Substrate Turbidity 
An infrequent plant in circumneutral pH but low alkalinity a preference tolerant 

and conductivity water in northern Wisconsin (fig. 77). Except Tf _ _ 

for one unconfirmed report in Waukesha County, all distribu- [IN 

tion points were in the lowest chloride, calcium, sulfate, and ro) |e Je I 

magnesium areas of the state. In Michigan it is usually found 15 

in shallow water (Voss, 1972), but data were insufficient to de- woe 0 

scribe its depth distribution in Wis- a | 

(\ consin. Information was not suffi- Lt Pf ra 

) cient to determine its sub- CE 
7 strate preference, turbidity \ Po A Ly 

‘ C tolerance, common associ- _Tt[/ 

\ ates, or flowering date. oT | Pfr 

te RX Ents are found in * Literature reports } | | 

\ midsummer and m Herbarium records LL i {( 
i § Wn . : 

ff “ J wy) i have a visibly coiled eet 

Y Nj / embryo, which aids LTR 
ep . ¢ ): NA identification. | 

Ss CAS A Q ) \ Field identifica pH units 

“SS A A tion of vegeta- v 

Si {J ” tive “fant also _ fn | Jk 
- \ ; aided by sabe 4 5 6 7 8 9 10 Spring Summer Fall 

A —2y 

= N Ps at Eales Condy inyoxem 05°) 
y S NY curved, giving UB © | \ 2 Hcerwhole’ bushy 0 200 400 600 800 

\ I \ plant the aspect 
yA of a broad-leaved Total alkalinity in mg/L as CaCO, 

[J Nayas (Voss, 1972). 

\ 0 100 200 300 400 

y } 
ZA Figure 77. Distribution and habitat characteristics of Potamogeton 

spirillus Tuckerman. 
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Potamogeton strictifolius Ar. Bennett stiff pondweed 

; oa? Substrate Turbidity 
An infrequent species, scattered over northern and eastern oe preference tolerant 

Wisconsin (fig. 78). It is found in water depths up to 3 m, and hard _ 
it prefers hard bottoms. No information is available on turbid- 

ity tolerance. Potamogeton strictifolius may intergrade with || 4 Ii re 

P. friesii, and it is sometimes hard to distinguish between the | 

two species (Voss, 1972). Unlike P. friesii, P. strictifolius has a > fed | | 0 

bristle-like leaf tip, glands at the base of the leaf that are in- : | oa en: 4] 

conspicuous or absent, and no cellular-reticulate band along | | Pe ‘ 

the leaf midrib. It is found more frequently in lower alkalinity a / 

and conductivity water than is P. friesii, but it is found over a Psi 

broader pH range. All distribution points except for three ref- | Ll / 

erences in the literature database in eastern Wisconsin were in oT | Pfr ye 

areas where sulfate concentration was less than 10 mg/L. The * Literature reports | J | 

flowering and fruiting dates of both species are very similar. m Herbarium records ya +] / 

Common associates are Myriophyllum spicatum, M. verticilla- rT TLh 

tum, Najas flexilis, Potamogeton amplifolius, P. illinoensis, and to. IR 

P. natans. | | ro 
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voy 

i | iz | FL FR 
tt TT 
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Ee 
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ae 
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Figure 78. Distribution and habitat characteristics of Potamogeton 

strictifolius Ar. Bennett. 
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Potamogeton vaginatus Turcz. swift-water pondweed 

ei” Substrate Turbidity 
A rare species, widely scattered across the state (fig. 79). Be- ie preference tolerant 

cause of its rarity, the pH, alkalinity, and conductivity distribu- mT f no preference _ 

tions, turbidity tolerance, and flowering date were not deter- LT 

mined. It seems to prefer shallow water and shows no substrate || 4 I C- 

preference. Fruiting occurs in early summer. Common associ- mL 

ates are Ceratophyllum demersum, Elodea canadensis, Lemna mi- STE. 9 

nor, Nymphaea odorata, Potamogeton oes 

Ye crispus, P. zosteriformis, Sagittaria Lt Ff Sa, ~ \ latifolia, and Typha latifolia. CET | a 

WN SY Wisconsin is on the To LE 

SSA \\ southern edge of the <T_ | Tt; 

WEY range for this species Pi 15 

QQ (Gleason and Cron- * Literature reports | J | 
\ \ quist, 1991). According wr Hecbarfinrecords LL? a 

to Gleason and Cron- cPLA 

. | quist (1991), Fassett 

\ | Jf (1969), and Voss Pt eR 

lV (1972), it prefers Depthinem 

Va deep, hard, alkaline, il | Ad 

brackish, and cold se 
3 0 200 400 600 Spring Summer Fall 

L a spring-fed water. ‘edie 

fo Neither deep nor cold P 

} water is consistent with HK ——_-*,_*_* ©, | 

V4 Wisconsin findings, and limited 4 7 6 a 8 9 a 

LE a data show that Wisconsin water Conductivity in pmhos/cm (25°C) 

| chemistries are widely distributed; © e e | 

\ therefore, hardness and alkalinity 0 200 400 600 00 

{ requirements are also questionable. “Total alkalinity in mg/L as CaCO, 

\\ ee & e 

0 100 200 300 400 

Nssob : Figure 79. Distribution and habitat characteristics of Potamogeton 

=e \ vaginatus Turcz. 
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Potamogeton vaseyi Robbins Vasey’s pondweed 

oo : : oa? Substrate Turbidity 
An annual plant, rare in Wisconsin (fig. 80). It is found prima- iP preference tolerant 

rily in low alkalinity, low conductivity water, but over a moder- _ _ 

ate pH range. No distribution points were in the Southeastern 

Wisconsin Till Plain Ecoregion and all points were in ar I C 

\ () areas where the magnesium concentration was | 
F “ « te Wy less than 10 mg/L. It is found in water less than > [La | 2 

aw 1.8 m deep, but substrate preference, turbid- | [eT a 

6 : : | ol \ ‘ ity tolerance, flowering date, and common rt | ra 

\ ( y associates were not determined. Fruits are Wa (/ 

=" found in early summer. Sterile plants Pi Le 

\ that lack floating leaves may be con- -Ti[[/ 
fused with P. pusillus (Fassett, 1969). ae ria 

y * Literature reports } J | 

[AA : @ Herbarium records |_| | {/ 

Ya" Ep iit 
\/ Vv, Pty J te 

| | Depth in cm 

v 
Z / |e | FR 

WY —_—a fgis 
OTT —— 

L— : is 0 200 400 600 Spring Summer Fall 
Ja fe gi. 9 

) gE Sg pH units 

\ | . 
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| roo 
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\ 77 4 we 
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L [J Figure 80. Distribution and habitat characteristics of Potamogeton 

| vaseyi Robbins. 
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Potamogeton zosteriformis Fern. flat-stem pondweed 

eco? Substrate Turbidity 
An abundant species, found statewide in water depths to 4m ie preference tolerant 

(fig. 81). It prefers soft substrate, but it is not turbidity toler- [3 soft no 
ant. It is found over broad alkalinity and pH ranges and a LS 

moderate conductivity range. Flowering occurs in early sum- | EA es ir 

mer, and fruits appear by midsummer. Common associates are p | 

Bidens beckit, Ceratophyllum demersum, Lemna minor, L. trisulca, yale | | ‘ Q 

Myriophyllum heterophyllum, M. verticillatum, Potamogeton di- Ps | a as q 

versifolius, P. natans, P. praelongus, P. Lt r | 

ce gnats Fon Ch ai % vaginatus, Ranunculus i / 

% iE | longirostris, Spirodela \ Psa ke 

. , (i J § _ polyrhiza, Wolffia tl] | / e 2 ax * 
g \b Ny lV columbiana, and Zoster- oe Pe 

J VY i ella dubia. A strongly * Literature reports | \ | 

f J y flattened stem helps @ Herbarium records LL? y ley/ 

\ \ ) Ze identify this species. %y fat ET 
QW } Yy~ S , + * 

\ / [o—— ee 
\ J Depth in cm 

NY | SS | HOR 
N 5 PTT L 
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\ MWe ie | 
\ WY 2 i" A 4 5 6 7 8 9 10 

\ ; | (. 4 Conductivity in pmhos/cm (25°C) 

. b = | rT TT TT TTT 
\\ Ve 0 200 400 600 800 

A Total alkalinity in mg/L as CaCO, 

NG 0 100 200 300400 

ZZ Figure 81. Distribution and habitat characteristics of Potamogeton 

zosteriformis Fern. 
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Potentilla palustris (L.) Scop. marsh cinquefoil 

oa? Substrate Turbidity 
A common species, found where bog mats meet shorelines, ie preference tolerant 

mostly in northern Wisconsin lakes (fig. 82). Stems can trail [= _ — 

on the water and root at the nodes. Flowering occurs in early 

summer. Potentilla palustris is found over a moderate pH co) PA iP = 
oe oe ot a 

range, but a limited range of conductivity and alkalinity. Sub- k , 

. strate preference and turbidity tol- > | he | | 2 

- a erance are unknown. Com- ; | [| Pe oped 
wy re zg i 

j PWS fy mon associates were not | | pf 

4 ts WX ) determined, but are CE | a 

SS \ A likely to be Po LE 
ny Y. taf ASQ other bog Titi 

LIE my aN <Y Se rE species Te | Lu Re i 4S Al Species Lite) 
WK sa * Literature reports | 2| FT 

, SS IRS @ Herbarium records eo 

a er CHa 
Wf A Yin a | \ i ‘i " pH units 

, I WZ | g a 4 NF Ne 
\ | ps p yA \ 4 5 6 7 8 9 10 Spring Summer Fall 

mam \ FI g (| 

( wD Y Ii" Conductivity in pmhos/em (25°C) 

er 0 200 400 600 800 
(i z 7) \ | 

Z WA ~ Total alkalinity in mg/L as CaCO, 

LA IN = 
«<Q K i) \* } 0 100 200 300 400 Ar | 7 Hii AWE 

(Nye Ht 
M } | ' Figure 82. Distribution and habitat characteristics of Potentilla 

t palustris (L.) Scop. 
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Ranunculus flammula L. spearwort 

; . oa” Substrate Turbidity 
A rare species, found over narrow and low conductivity and al- eo preference tolerant 

kalinity ranges and a moderate pH range (fig. 83). All but two hard _ 

distribution points were in the Northern Lakes and Forests 

Ecoregion; all points were in areas where the sulfate concen- ret ga rm 

tration was less than 10 mg/L and chloride concentration, less | 

than 3 mg/L. This plant is found in water depths to 3.3 m and yf Ld | | 2 

prefers hard substrates. Flowering and fruiting occur in mid- ; | oa | “fy 

summer. The plant spreads vegetatively by means of arching | | ai. : 

green stolons. Terrestrial forms with broad leaves (approxi- * a / 

mately 5 mm) can be found (Voss, 1985). Turbidity tolerance Psi Le 

was not determined, and no common associates were found. CRY 

* Literature reports { J | TL) 

@ Herbarium records pa [|  { 

x2 CHE 
t 

ap / Depth in cm 
/ vy 

r \ ee | |__| \ \s To 
v ) \ AR 0 200 400 600 = Spring Summer Fall 

a 
VW y ; pH units 

Tee a Bee TR i x =m ; = «@ #9 & wo. 

a u ae “ f : AY 
we u ee HH _—_ ) i yy Conductivity in pmhos/cm (25°C) 

ii i i ey * la 

fo# i t | tt 
i ! a ih 0 200 400 600 800 

foi i Total alkalinity in mg/L as CaCO, 

/ il 
0 100 200 300 400 

Figure 83. Distribution and habitat characteristics of Ranunculus 

flammula L. 
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Ranunculus longirostris Godron white water crowfoot 

Bg oye 

May be more common in streams than in lakes. It is found ie pechrenee "lores 

over moderate ranges of alkalinity, pH, and conductivity and in rl no preference no preference 

water depths less than 2 m (fig. 84). It shows no turbidity or [TS 

substrate preference, and it flowers and fruits in early summer. ro} ld J. C 

Common associates include Ceratophyllum demersum, Lemna PE 

minor, L. trisulca, Potamogeton diversifo- Sacto o 

\ lius, P. zosteriformis, Spirodela : | eyo ie 

Na polyrhiza, and Wolffia | | Ff ry 
"\ Wy columbiana. Voss (1985) a ae (/ 

s WE and Gleason and Cron- Topi 

NY quist (1991) should be Tir 

consulted for a discussion (he 

of the taxonomic differ- * Literature reports |» J] " 

¥ ee vecanmee FTL at my, + Y R. . 

cai NY and R. aquatilis L. Voss CH 

ZO (1985) considered this group as PL PER 

MY E ai one specie, ‘which hie called R. Depthiinvera oy 

LEZ longirostris ee Michigan. Gleasan lt | Nee 

Wwe and Cronquist (1991) recognized . " we oo ii Spine Shnuen Fall 

N two species, R. /ongisrostris and R. tricho- uci 

phyllus. Ranunculus aquatilis var. capillaceous _ 

was added to R. trichophyllus by Gleason and bn | 

Cronquist (1991). 4 7 6 a 8 9 a 

fp Conductivity in pmhos/cm (25°C) 

idl hr 
\N \ 0 | 200 | 400 | 600 | 800 

SAY Total alkalinity in mg/L as CaCO, 

-_— 
0 100 200 300 400 

Figure 84. Distribution and habitat characteristics of Ranunculus 

longirostris Godron. 
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Ranunculus trichophyllus Chaix stiff water crowfoot 

. . . saa” Substrate Turbidity 
An infrequent species, found over broad alkalinity and conduc- ie preference tolerant 

tivity ranges and a limited and mostly alkaline pH range (fig. | no preference _ 

85). It is scattered widely in Wisconsin. It is found in water 

depths less than 2.1 m, and it shows no sub- ||) te rR 

dp, _ Strate preference. Flowering | [J 

SW and fruiting one in early YP || 2 

SS summer. Turbidity tolerance ; | a ap] 

WR ) was not determined and no | | ri L | { 

SS 7 = a : common associates were found. i | 
SS SN This species may be \ Pare 

\ more common than Titi 

\ \ \ R. longirostris and is also 1 | Pity) 

S> ~ \) found in slow-moving * Literature reports } J | 

| GR streams. @ Herbarium records > Le I {/ 

’ : | «1 TT Vy f 

S 3 Po yy QWs 

\ \ WA i 
\ 4AZ Depth incm 

vv \ = | RR 
\ Po oo 

0 200 400 600 Sprin; Summer Fall —, pring 
ZY oN [HZ pH units 

[- eo = |= ‘ a et 
\ 4 5 6 7 8 9 10 

YE Conductivity in pmhos/cm (25°C) 
~ mia 

Laas 
Ye rt Tt TOTO 

Ve 0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

—— Ba SSS _ YS 
T 

Aa / \ SO 0 100 200 300 400 

Sa = Figure 85. Distribution and habitat characteristics of Ranunculus 

SX ; trichophyllus Chaix. 
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Ruppia maritima L. widgeon grass 

| oa” Substrate Turbidity 

A rare species, found in a few high alkalinity, high conductiv- A preference tolerant 

ity, high pH lakes in the Southeastern Wisconsin ‘Till Plain - — _ 

Ecoregion (fig. 86). All distribution points were in areas where _ 

alkalinity was greater than 30 mg/L as CaCO, and where cid” | ro 

chloride concentration was greater than 10 mg/L. All but two | 

distribution points were in an area where sulfate concentration yf i 7 

was greater than 40 mg/L. Depth distribution, substrate pref- ZZ PL | 

erence, flowering and fruiting dates, and common associates a pe pe 

were not determined. Voss (1972) stated it is found in water ial i 

| depths to 2.5 m in \ SL 
oo ag L— Wy Zw Manistique Lake, > Ty / 

\ C7; : YL its only known oy] if 4 

y WE Go | a occurrence * Literature reports , J 

’ //, LA, in Michi- m Herbarium records ya Pf / YH F i / VY LE gan. There, mT eT Th 
IY flowerin | (| tf Cr g —_ 

[ny y Lt plants are abun- Pt Lt pS 

(| £ J Y | dant, but fruiting Depth in cm 

mb ( (\ specimens have not been wece ee 

\ (\ i found. Ruppia maritima is 
yp . . 0 200 400 600 Spring Summer Fall 

A. ( | commonly found in saline or Fan: 
units 

brackish water along both coast- P 

(/ lines, but it becomes much more re 

\ Ly U) scattered inland (Gleason and 4 ° eer es 10 
LA Cronquist, 1991). Conductivity in pmhos/cm (25°C) 

f DRS ~ = 0 200 400 600 800 
J (> A e @ ee 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 86. Distribution and habitat characteristics of Ruppia mar- 

itima LL. 
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Sagittaria cuneata Sheldon arum-leaved arrowhead 

sd Substrate Turbidity 
An infrequent species, found primarily in northern Wisconsin eo preference tolerant 

(fig. 87). Fassett (1929) reported it in southern Wisconsin and | _ _ 

in sandy bottomed areas of the Mississippi and Wisconsin LS 

Rivers. It is generally found in low conductivity, low alkalinity led io I 

water, but over a broad and circumneutral pH range. Not | [7 

enough information was available to describe its depth distri- ) [Eo 0 

bution, substrate preference, turbidity tolerance, or common ; | oo 7 a 

associates. According to Voss (1972), it is usually found in | rf ry 

shallow water or on wet shores in Michigan. In deep water and IS 

in rivers, flat linear leaves, similar to those of Vallisneria ameri- \ Pt Ey 

cana are formed (Voss, 1972; Hellquist and Crow, 1981). Ster- Iti 

oo 2 ile rosettes similar to those of Sagit- 1 | PAT 5 
Wr 5 3 
“yr taria graminea may also * Literature reports \ 

Ny be produced in d 2 | TT \ NY y ZA e produced in Geep @ Herbarium records oJ 

f \ > \ee 1 Ke water (Hellquist and PT LR 
Alas \ Cc . 

‘ Ht \N row, 1981). Sagit- L 

’ KK Wo (ah taria cuneata flowers and rt TT fa 

ISX aN fruits in midsummer. . 

~X < ap This species produces ue “2 | Ww 

\ ; \ \ | 4 al \ i €. waste mE | nk | 
\ \ \ | yy } } NX cfs 4 5 6 7 8 9 10 Spring Summer Fall 

Ss VV tubers. 

i} \\|I i) NAY 
! J \ ! fi Conductivity in pmhos/cm (25°C) 

~A // 0 200 400 600 800 

N W/ i; 
\Y MY 

| 1 if f Total alkalinity in mg/L as CaCO, 

yh | | | 
( 0 100 200 300 400 

ZA Vi |“ 

/) Figure 87. Distribution and habitat characteristics of Sagittaria 

! cuneata Sheldon. 
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Sagittaria graminea Michx. grassy arrowhead 

; . oo. ; ; oa? Substrate Turbidity 
An infrequent species, found primarily in northern Wisconsin ie preference tolerant 

(fig. 88). It grows in low conductivity, low alkalinity water, and no preference _ 

at circumneutral pH. It shows no substrate preference and LS 

grows in water depths up to 1.8 m. In Michigan it grows along "| Ls 

exposed shorelines (Voss, 1972). It frequently produces ro- x Be | L 

settes of stiff, blade-like underwater leaves (Voss, 1972; | fee! 6 

Hellquist and Crow, 1981). Flowering occurs in midsummer. 3 PE 4 

Fruiting plants are difficult to find. Only one late summer PT ri L | 

fruiting plant was recorded, Hellquist \ | 1 | [oy L 

. and Crow (1981) noted that only a a POT PL 

single record of this species r/ 

\ : | . fruiting was known in SO eH 
\ | ff Q Z 

Ql eg New England. No * Literature reports | Py) 

\ \ VB. common associates @ Herbarium records Pil el Ty 

\ \ cl 7} — were found, and a 

\ NZ 7 \, turbidity tol | PEL \ be // ty tolerance 

\ | / NY, itottown HET 
. \ Y Depth in cm 

im 
\ H 0 200 400 600 = Spring Summer Fall 

. f | sy pH units 

dy ] y H I 4 5 6 7 8 9 10 

Qe \ N fh i Y Conductivity in pmhos/cm (25°C) 
\\ \\ fH oy WHS i? | 

\\ \ y i 0 200 400 600 800 

“al | Total alkalinity in mg/L as CaCO, 

\ V7 0 100 200 300 400 

BY Figure 88. Distribution and habitat characteristics of Sagittaria 

TW graminea Michx. 
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Sagittaria latifolia Willd. common arrowhead 

oa” Substrate Turbidity 
An abundant species, found statewide. It grows in water depths ie preference tolerant 

to 1.2 m and shows no substrate or turbidity preference (fig. no preference no preference 

89). It is found over broad pH and alkalinity ranges and a LS 

moderate conductivity range. Flowering and fruiting occur in ee * hs re 

middle to late summer. Common associates include Elodea EO || 

candensis, Lemna minor, Nymphaea odorata, Potamogeton crispus, wh ee sy b 

P. foliosus, P. vaginatus, and Typha latifolia. The erect leaves on * ft [wr aA] 
a 

this species are extremely variable, ranging from narrow =a r _ | 

; leaves without blades to narrow arrowhead- TET ay [J 

aw’ shaped leaves to broad arrowhead-shaped PoE Lf 

NB \\ leaves. Hellquist and Crow (1981) noted Cer fLl/ 
eS * 

\ Xe \N \ that several dubious varieties and forms hel KR 

\ a NY have been based on leaf * Literature reports | Pd) 

YY \ \S Ail shape, but all these @ Herbarium records Pj ed let 

Se =~ DZ leaves can be found 2 f+ | Li 

NX \ De on the same plant. qu: _ 

WV VU | I 
Zs VEY NG DD Depth in cm SS Ly i | gk 

T TTT 

f | ) , a » 0 200 400 600 = Spring Summer Fall 

) / | : pH units 

~ 4.5 6 7 8 9 10 

\ Conductivity in pmhos/cm (25°C) 

/ \ 0 200 400 600 800 

: Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 
ah Figure 89. Distribution and habitat characteristics of Sagittaria lati- 

DKS ‘folia Willd. 
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Sagittaria rigida Pursh stiff arrowhead 

on” Substrate Turbidity 
An infrequent species, found most commonly in northern ie preference tolerant 

Wisconsin (fig. 90). It grows in water depths up to 1.8 m deep, oa soft yes 

prefers soft substrate, and is turbidity tolerant. It is found over 

a moderate pH range and over limited conductivity and alka- as | sea C 

linity ranges. It flowers in midsummer. The only two fruiting | 

plants were found in late summer. Common associates include Yel Ld | Q 

“ Brasenia schreberi, * ft [= 4 

if Corauplylun eb Lt | fo Wd eratophyllum ec 
\ ME); ta rd | Ly N\\ WY inatum, Dulichium af / 

i : (GD arundinaceum, Lemna \ Ps LE 

i & be LP minor, Nymphaea odo- C-—T[/ 

\ \\ , y rata, Polygonum amphibium, C1 a 

\ Vine ; | i, N\} i Sparganium chlorocarpum, and + Literature reports {| J 

SX N ¥ P Utricularia vulgaris. = Herbarium records LL? ar. 
Wil QP WX PT FT 
(| PTT ay P| 

\ \ JLo Depth in cm 
J Vv 

\\ V4 t= | FL | 

0 200 400 600 = Spring Summer Fall 

pH units 

Bele \ | Poll 4 5 6 7 8 9 10 
Wi 

ve Conductivity in pmhos/cm (25°C) 

) \ re 
[ae 0 200 400 600 800 

Eh Total alkalinity in mg/L as CaCO. thy ty in mg s 
/ i 
y A eR 0 100 200 300 400 

i } i ) ' Figure 90. Distribution and habitat characteristics of Sagittaria AN 
i (} y | rigida Pursh. 
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Scirpus acutus Muhl. hardstem bulrush 

aca” Substrate Turbidity 
A common species, found in northern ee preference tolerant 

and eastern Wisconsin lakes (fig. 91). It cy f _ _ 

may be confused with 8. validus, but a 4 [TS 

pinch on the stem to test whether it is Ava (on) fH [25 be 

hard stemmed (S. acutus) or soft stemmed \Ase Pate 

(S. validus) is useful to separate the two ( d¢ oi on ye | 0 

species. Intermediate hybrids can be found Vee ; | oe ee: 

in areas where the two species grow to- \- | | Py 

gether. Scirpus acutus, not as common as S. CE fF 

validus, is found over narrower pH, alkalinity, PS ET 

and conductivity ranges; its median pH, alka- VE T=. / 

linity, and conductivity are also lower than Le 

A those of 8. validus. Scirpus acutus produces + Literature reports | J | ) 

fruit by midsummer. Depth distribution, m Herbarium records LL ar. 

substrate preference, common associates, LY PTET. 

and flowering time are unknown. Voss C| PT oF 

(1972) reported that it usually grows in water to about | | rt 

1.5 m, but culms as long as 4.3 m have been collected in . 
pH units 

deep water. This plant can be found growing on sand, =| a x 

gravel, marl, or peat, and it may grow in pure stands or T T I 

with other emergent species such as Phragmites austra- ‘ ° ° ; 3 , 0 Spring Summer Pall 

lis, 8. americanus, 8. validus, and Typha spp. Tolerance of . 

alkali conditions (Gleason and Cronquist, 1991) could Conductivity in iunboa/etn (25°C) 

not be confirmed by the Wisconsin distribution. LS 
0 200 400 600 800 

| Total alkalinity in mg/L as CaCO, 

| SE! 
0 100 200 300 400 

Mh Figure 91. Distribution and habitat characteristics of Scirpus acutus 

Muhl. 
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Scirpus americanus Pers. chairmakers rush or threesquare 

; . . oc” Substrate Turbidity 
An infrequent species, found in southeastern and northwestern iP preference tolerant 

Wisconsin, but not reported in north-central Wisconsin (fig. no preference no 

92). A similar distribution was found by Greene (1953), who , 

reported this species grew in hard-water I Cm 

4 lakes. The median pH of the lakes in which | 
y S. americanus was found is higher than for ye] fd 6 

* 
| many other species, but the conductivity and al- | | . 

fe  —kalinity ranges is only moderate and median val- Lt | r L_ 

ues are not high. Some distribution points in a fF 

northwestern Wisconsin were in areas where al- Ps Ly 

| kalinity was less than 15 mg/L as CaCO, and ramet 

calcium and magnesium concentrations oT | Rome 

were low. However, only two & Literature reports | a | 
points, both from the literature m Herbarium records |_| i | / 

jj) database, were found that showed PT FT a 

all three parameters were low. TT) 

: Scirpus americanus is PL 
\ ELAM 

pT) sas found in water depths to | iss r Depth in em 
WAS LZ oi 1.8 m, shows no sub- le Vv 

Woes. strate preference, is A | 
wor - , 0 200 400 600 Spri s Fall ‘i found more often in PRES: SURUESE | . 

( clear water lakes, and pHunits 

i flowers in midsummer. mh 

| Key No common associates 4 5 6 7 8 9 10 

NT were found. This species Conductivity in pmhos/em (25°C) 
may be undercollected im | 

f | ‘ } | | in the state or may be 0 200 400 600 800 

f | more common than its 
ped : se Total alkalinity in mg/L as CaCO, 

occurrence in lakes indi- = | 

l | cates—Voss (1972) be- EL 

\ ) lieved it to be one of the most common Ki 9D; ‘bar, diab; - retire Sid 
) NAS igure 92. Distribution and habitat characteristics o 

aa = bulrushes in Michigan. gur ‘ - cpus 
Ad Fs americanus Pers. 
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Scirpus fluviatilis (Torr.) A. Gray river bulrush 

geal Substrate Turbidity 
An infrequent species, generally found in southern and western WP preference tolerant 

Wisconsin (fig. 93). It grows over a broad alkalinity range and | — _ 

moderate conductivity and pH ranges. It flowers in midsum- Lt 

mer. Depth distribution, substrate preference, turbidity toler- ro). de ne C 

ance, fruiting date, and common associates were not deter- be | [7 

mined. Because it is an emergent, it is found > + Ld || 2 
aw in shallow water and is probably turbidity _ _oa | a4] 

Vie tolerant. Distribution points in north- |] Ff ra 
TI, | western Wisconsin were found in i 

Py y \ areas of the lowest alkalinity or \ Po Ly 

A \ calcium concentrations, but not oT] / 

f_\ | both. It can tolerate highly alka- <1 | Lif 15 

KA | \ line and saline conditions * Literature reports {J J" | 

LN \ IZ (Gleason and Cronquist, 1991; @ Herbarium records LL? | -[T/ 

AN A] AN ( Voss 1972). Its sharply triangu- PT -?TLh 
wet WY ( \ lar, leafy stem makes it L—) 

SN | | 
easily recognizable, 

PT TF Ta 

\ ] \ ‘ even saHiE it is pH units 

II f \ sterile. | Vv 

} | i —\\\ } 4 5 6 7 8 9 10 Spring Summer Fall } Vi \ = \\\\V 
WY 

/ SW Conductivity in pmhos/cm (25°C) 

Ss a: = \ / S | 
| Ly 0 200 400 600 800 

\ | Total alkalinity in mg/L as CaCO, 

) a. — | LEE —— | 
0 100 200 300 400 

ZA, Ll x Figure 93. Distribution and habitat characteristics of Scirpus 

~ - fluviatilis (Torr.) A. Gray. 
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Scirpus subterminalis Torr. 

oa” Substrate Turbidity 
An infrequent species, found in northwestern and eastern Wis- oe preference tolerant 

consin (fig. 94). It has not been reported in the northeast re- a _ _ 

gion of Vilas, Oneida, Florence, and Forest Counties, where LS 

calcium concentration and alkalinity are the lowest in the state. ante [> - 

It is found over a moderate range of pH, conductivity, and al- | [7 

kalinity conditions. Depth distribution, substrate preference, y| Ld |_| 2 
turbidity tolerance, common associates, and flowering and ; | [A aA 

fruiting dates are unknown. Voss (1972) reported that it is | | Ff ry 

usually submersed, except for the tip of the fertile culm in wa- a (/ 

ter up to 1.5 m deep. It is found growing on sand, \ Pat 

[ marl, muck, or peat, and the hair- TT 

| like submersed leaves can form oT | PAT 4 

| / /f, \/ grass-like beds. It may grow * Literature reports } J | 

y | | K | in the same places as @ Herbarium records LL? | TH 

\ | | / \ Eleocharis robbinsii. cE EE 
| | NT | CTT 

\ \ \ s 
| | \ Wx pH units 

WF | fy . | 
\ | RY Ean: 
i / \\\ | } WY 4 5 6 7 8 9 10 

\/ \I | 
\ VV fff | 

\ / | h | / / hy = Conductivity in pmhos/cm (25°C) 

Vi I — \\ lf \\ | 
\\ \\ | | | \ 0 200 400 600 800 

Nu \ i / Aj 
\ \\ | IMI WA \ Total alkalinity in mg/L as CaCO, 

\ WH Ni Oi ons Ka, | | 
f x 4A nt Gy ( p \ ToT 
AN y) LA PY \) 0 100 200 300 400 

| ip J |-srT | ; Ky) 
y \ \ Figure 94. Distribution and habitat characteristics of Scirpus 

\ subterminalis Torr. 
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Scirpus validus Vahl softstem or giant bulrush 

/ oa? Substrate Turbidity 
A common species statewide, found over a broad range of pH, iP preference tolerant 

conductivity, and alkalinity conditions (fig. 95). It is found in no preference no 

water to 1.5 m deep, shows no substrate preference, and does 

not commonly grow in turbid water. Flowering occurs in mid- (oh fey [= = 

summer. Scirpus validus is usually associated with Chara spp. * . 

and showed strong negative association with vet Ed | | o 

ate « Ceratophyllum demersum, Elodea canadensis, : | —_ [at 
re Vite ; ag di 

y ys Myriophyllum sibiricum, Potamogeton praelon- | | ai. ry 

é gus, P. robbinsii, P. zosteriformis, and Vallisne- Via / 

ria americana. It may form large, monospecific Pee 

stands. See S. acutus for a discussion of the mel Lily 
* 

similarities and differences between 17] Rome 
3 o 

the two species. * Literature reports | a \ Ff a 

@ Herbarium records pa [et / 
i i pe 

Pa oP # * 
(ae mens yo ri oO oe J Kf . S| 
VA *P*% Lz \ eee 

Vp a & ie Depth in cm 
Y SFE a i A es es Be | | FL | 
FA TW T -—— >. . o 

—_ rea 0 200 400 600 Spring Summer ‘Fall 
) EAA 

VA (is War pH units 

4 5 6 7 8 ) 10 

\ Conductivity in pmhos/cm (25°C) 

\ tp j Oa 
| by 0 200 400 600 800 SIR 

Ae \ $ Ww A Total alkalinity in mg/L as CaCO, 

» V 7 Ra \ ( Wy \ 
Lae 0 100 200 300 400 

ry y x Figure 95. Distribution and habitat characteristics of Scirpus validus 

CE PTERR ET Vahl. 
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Sparganium angustifolium Michx. narrow-leaf bur-reed 

; ; ; . ; oa? Substrate Turbidity 
An infrequent species, found in low conductivity, low alkalin- eo preference tolerant 

ity water in the Northern Lakes and Forests Ecoregion (fig. a _ _ 

96). It is usually found in water less than 1.5 m deep, over a 

broad pH range, and in the areas of the lowest chloride and (| hE am fa 

sulfate concentrations. All distribution points but one were in | 

an area where magnesium concentration was less than 10 mg/ Y [| 4 Fy o 
L. No substrate preference, turbidity tolerance, or common as- ; | oa eT 4 

_ sociates were determined. It flowers | r | L_| 
Y ; 4 [4 LO \ . i f_ inearly summer to midsummer, and Ie (/ 

OF fruits are found in middle to late PS Le 

pe summer. Vegetative material is nor- Ti; 

“ay mally easily recog- 1 | PAT 15 

! _j_—_ _——— nized by its * Literature reports } J | 

ln Ls J long, very @ Herbarium records pa | T/ aa oft 
| on | TT be (Voss, 1972). || | 

{ Depth in cm 
Y\ vVoeoyv | M i | RR | 

: ¥ TTT 

Figo 0 200 400 600 = Spring Summer Fall 

u pH units 

| \ | 
| 4 5 6 7 8 ) 10 

, Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

\ ( Total alkalinity in mg/L as CaCO, 

’ 0 100 200 300 400 
\ Figure 96. Distribution and habitat characteristics of Sparganium 

AGA Wk . , . 
fiir : angustifolium Michx. 
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Sparganium chlorocarpum Rydb. 

oa" Substrate Turbidity 
An infrequent species, primarily in the Northern Lakes and ie preference tolerant 

Forests Ecoregion (fig. 97). It is found over a broader alkalinity Tf soft ~ 

and conductivity range than S. fluctuans or S. angustifolium, but .* LT 

not as broad as S. eurycarpum. It generally grows in the areas of tinh ds 3 b> 

the lowest magnesium and sulfate concentrations. It can also {4 

be found in deeper water than any of the other three Sparga- Se] x 2 

nium species. It prefers soft rot a 

| substrate, but turbidity tol- Lt pe 

erance and flowering and CEI | Ly 

/ fruiting dates were not deter- \ Pt Ey 

mined. Common associates are Iti; 

Brasenia schreberi, Ceratophyllum oT | AEH 

/ echinatum, Dulichium arundina- * Literature reports } 

ceum, Nymphaea odorata, Polygonum m Herbarium records rj 2] Py 

| amphibium, Potamoge- CEL on 

E ton natans, P. pusillus, 

\ ! Ir Sagittaria rigida, Pt Ty ka 

ee a garis. Floating | 
Ve plants are often 4 00 bo 0 

\ Fey confused with | 
\ W cape pH units 

\\\V ( S. angustifolium 

| (Crow and iin 

\ i) Hellquist, 1981). 7 oe & Fe e 
b (| ao, The strongly two- Conductivity in pmhos/cm (25°C) 

\ hes ) ranked leaves can l= 
f \V y aid field identifica- 0 200 400 600 800 

| U tion (Voss, 1972). Total alkalinity in mg/L as CaCO, 

A f a 
2 ZF (Ann 0 100 200 300 400 

) i in Figure 97. Distribution and habitat characteristics of Sparganium 

) aN chlorocarpum Rydb. 
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Sparganium eurycarpum Engelm. common bur-reed 

oa” Substrate Turbidity 
The most common bur-reed in the state (fig. 98), but found iP preference tolerant 

infrequently in shallow water around the state. In contrast to a no preference no preference 

other Sparganium species, it is found over broad and high con- LS 

ductivity and alkalinity ranges. Its pH range is moderate. | eh I Co 

It shows no substrate or turbidity preference. Flow- p | [| 

ering and fruiting dates and associated y«[ [a | | 0 

species were not established. \/ PTT ah 

ss SL | f ( Wiese Py yy 
“ | STIX 

Wilk am ‘eH 
\ im Ab Ne * Literature reports } TH 

PE @ Herbarium records 

; C OF PTET i AD ev 

\ \ \ i ‘ | | LET 
\\\ Wty + Depth in cm 

f \) d y \ \ \ i i | 
\ T a 

/ \ 4 ' 0 200 400 600 

| y MM \ / pH units 

| | | 4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

j y IS \ a 
T 

NS, | \ 0 200 400 600 800 

i | I ‘ Total alkalinity in mg/L as CaCO, 

WY 7S A | 
\\ X \ 0 100 200 300 400 

r 77 ~ Figure 98. Distribution and habitat characteristics of Sparganium 

ae “ ) eurycarpum Engelm. 
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Sparganium fluctuans (Morong) Robinson small-leaf bur-reed 

ea” Substrate Turbidity 
Found infrequently in low alkalinity, low conductivity water in eo preference tolerant 

the Northern Lakes and Forests Ecoregion (fig. 99). It grows — _ 

in the areas where chloride, sulfate, and magnesium concentra- x* LS 

tions are the lowest. Voss (1972) reported that it is usually aan ke [o> I 

found in water approximately 0.5 m deep in Michigan. No | 

depth distribution, flowering and fruiting dates, substrate pref- y [| eo | | 2 
erence, turbidity tolerance, or common associates were estab- ; | a te aA 

lished. Vegetative material can | Ff ra 

Py SS es sometimes be sepa- a 
ig oe SN rated from that of \ po Ly 

~~ \ other Sparganium _Ttiys 

= 2 SS ER species by the 1 | Pi 5 

— NW wide, float- @ Herbarium records pa a 

y Y} ing leaves CPL LTA 
YF 
fi \ii = (Voss, { ff, | 172) PT Te 

a KN J dW, ; 
\ J j Y by pH units 

v ff IA 4 5 6 7 8 9 10 

4 V4 
4 L4q p Conductivity in pmhos/em (25°C) 

{ Al fi 0 | 200 400 600 800 

if AN A 
\\ \\ | Total alkalinity in mg/L as CaCO, 

\ 0 100 200 300 400 
Vi) 

NY 
TIS? 

ZEINS Figure 99. Distribution and habitat characteristics of Sparganium 

ZB SIN \ fluctuans (Morong) Robinson. 
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Spirodela polyrhiza (L.) Schleiden great duckweed 

; ad Substrate Turbidity 
Found statewide (fig. 100). Its small size has probably resulted ie preference tolerant 

in its being under-reported and undercollected. Because it is _ _ 

free floating, discussion of depth distribution and substrate 

preference is not appropriate. It is probably not greatly influ- ro) FB I ko 

enced by turbid water. It is found over moderate ranges of pH | [el 

and conductivity and a broad range of alkalinity conditions. No yt Ld | | o 

flowering or fruiting dates were determined, and none of the | aoe aa oped 

material examined had flowers or fruits. Common associates | | rf ry 

are Ceratophyllum demersum, Elodea canadensis, Lemna minor, a [/ 

L. trisulca, Nymphaea odorata, Potamogeton diversifolius, Pt 

P. zosteriformis, Ranunculus longirostris, and : Iti 

Wolffia columbiana. v1 ArT} 

* Literature reports } J | 

Y rear @ Herbarium records ya i {/ 

eal PT: FLT |r i 
{ SD 

y 
y | pH units 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

a 0 200 400 600 800 

ACTUAL SIZE Total alkalinity in mg/L as CaCO, 

LE 

0 100 200 300 400 

Figure 100. Distribution and habitat characteristics of Spirodela 

polyrhiza (L.) Schleiden. 
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Typha angustifolia L. narrow-leaf cattail 

; oa” Substrate Turbidity 
An infrequent species, scattered across the state (fig. j ie preference tolerant 

101). Fassett (1930a) first reported this introduced ‘ _ _ 

species in Wingra Marsh, Dane County. It is found in ‘ 

water depths to 0.8 m over broad alkalinity and pH a rj.) 5 I> r= 
os ae 

ranges and a moderate conductivity range. Its sub- x * | [| 

strate preference and turbidity tolerance x y.1 Lo | | 2 

were not determined; because it is an e "| r [| A | 4 

\ emergent, it is probably turbidity tol- x | r L_ | 

\ / erant. Flowering and fruiting dates hy \ | || 

adh were not calculated, but flowering at 

1 occurs in early summer. Common | li / 

} associates are unknown. This spe- (a <1 | Pert 

H cies is more tolerant of salt and al- a * Literature reports } J] 

i kali than is T: /atifolia (Gleason E m Herbarium records LL? | TT 

and Cronquist, 1991) and may be a PT Pt 
| ‘ % 23 
| spreading in the state. ee i 

| 4 Po] P| bes 
| a a cm 

d / a a ____| 
Y/ 4 0 200 400 600 

pH units 

| 4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

0 200 = 400.~Ss«600SSS—«800 

\ Total alkalinity in mg/L as CaCO, 

We : fii 0 100 200 300 400 
1 NM K = . . . . . soe 
Ue Figure 101. Distribution and habitat characteristics of Typha angus- 

AVG we: 
AK tifolia L. 

208 209



Typha latifolia L. broad-leaf cattail 

; Co oa! Substrate Turbidity 
A common species, found statewide in Wisconsin lakes ie preference tolerant 

(fig. 102). It can grow over a broad pH range, a moderate alka- [~* no preference no 
linity range, and a limited conductivity range. Its maxi- ms 

mum growth depth is about 1.2 m, andit fo) lee is [2 
e 

shows no substrate preference. Even fe i | 

\ | though it is emergent, it prefers clear 3 Y«f feo | | Ar Q 

water (Gleason and Cronquist, 1991) a : | Ps [od faa a 

; and is not turbidity tolerant. Flower-  {g. | | Ff ry 

lH ing occurs in early summer; a) Va / 

ps fruiting, by midsummer. ge. \ Pk 
fe Common associates include a TT LL 

4 sae * 
Elodea canadensis, Lemna oe \ | * Pet ye 

minor, Potamogeton crispus, a * Literature reports \ J 

P. foliosus, P. vaginatus, and oe Herbarium records ya Tf 
Sagittaria latifolia. A hybrid ee PT? Cw 

LZ between T: Jatifolia and Coe IT Ta 
fi T. angustifolia, called T.x glauca “Wr I: | 4 

\ i 1 Is- Kodt., is also reported in Wis Depth in em 

consin (Fassett, 1930a). la voeoYv 
FL FR 

~ 0 200 400 600 = Spring Summer Fall 

| pH units 

4 5 6 7 8 9 10 

ES) Conductivity in pmhos/cm (25°C) 

1 0 200 400 600~—S«800 

N Total alkalinity in mg/L as CaCO, 

|| oo 
| |! \ 0 100 200 300 400 

LN Figure 102. Distribution and habitat characteristics of Typha /atifo- \ | _g mi igur yp 
Zp wy. ~ lia L. 
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Utricularia cornuta Michx. horned bladderwort 

; : oo oa? Substrate Turbidity 
A rare species, but possibly undercollected. It is primarily ie preference tolerant 

found in low alkalinity, low conductivity, circumneutral lakes _ _ 

in the Northern Lakes and Forests Ecoregion (fig. 103). 

Thomson (1940) reported it as common in northern Wiscon- ate Ja 3 ce 

sin and down the Lake Michigan shoreline. Tans (1987) found | 

this species in calcareous fens and marl flats in > [Lo | 2 

y, southeastern Wisconsin. Crow and Hellquist ; | F [| | 4 
QY Z, (1985) reported that it is found along sandy || Ff 4 

ZA and peaty shores in New England. Ufricu- Ys et (/ 

((@ Jaria cornuta prefers the areas of the lowest PS Le 

i sulfate concentration of the region. No sub- TL; 
strate preference, turbidity tolerance, oh Pet 7) 

depth distribution, or common as- } 5] 

| sociates were determined. It is in- m Herbarium records LL? ar. 

E conspicuous except when flower- rT Tt 

8 ing, which occurs mainly in August To. 

Za (Tans, 1987); this species does not || CI 

e produce winter buds. pH units 

\ 4.5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

(MM 

| 0 200 400 600 800 

/ fp J N Total alkalinity in mg/L as CaCO, 

YA \—} | || 
Ee Se a 

a Ee) *) 0 100 200 300 400 
TAS Are 

les Figure 103. Distribution and habitat characteristics of Utricularia 

cornuta Michx. 
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Utricularia geminiscapa Benj. mixed bladderwort 

. . . g Substrate Turbidity 
A rare species (fig. 104). Interestingly, except for two points, Me preference tolerant 

the distribution of this species follows a band of low sulfate soft _ 

concentration water through the center of the state. Generally, 

it prefers low alkalinity, low conductivity, and circumneutral lig 

pH water, but it is also found over moderate ranges of all three [ 

parameters. However, it was collected from Lake Wingra, ) [Eo 
; a, ‘ ae 2 

Dane County, which does not fit this chemistry description, pT 4 

and from calcareous swales in Door County (Tans, 1987). It Ly 4 L | Gy 

grows at a median depth of 1.2 m and prefers soft substrate. \ 1 | LY 

Flowering and fruiting dates and turbidity tolerance were not a Pot pu 

determined. This species rd r/ 

A may be undercol- SLI a 
( i i a 
\) \ ) \/ Woy lected because it is * Literature reports _ io 

SSN \ J / v We zs easily mistaken for a @ Herbarium records Pj ot Ee 
YN @ IY Weer diminutive U. vul- 0) [| i 

} 2s . 
ad UP Te garis (Crow and | | | 

Ly 3 
. Wg Hellquist, 1985). Flower- rt] | ct4 

} yr pe ing specimens, rarely found, Depthiaen 

nn)! are needed for accurate identifi- ron | 
WY Ze : . | 
My) LE cation; U. geminiscapa produces | 

SH VPEo me : 0 200 400 600 
MPSS loose and unspecialized winter buds 

KV GLE . . . pH units 
WH that are different than the tight winter 

Ye , buds with crowded leaf-like branches pro- _ Ts 
SS) ant i C : 4 5 6 7 8 9 10 
WAS z duced by U. vulgaris. Common associates, 

Ses = whose water-chemistry requirements are Conductivity in pmhos/cm (25°C) 
~ Ly, slightly different than those of U. geminis- lL 7 

Wis : . .. 
WE capa, include Bidens beckii, Ceratophyllum dem- 0 200 400 600 800 

SEZ ersum, Lemna trisulca, Myriophyllum verticilla- 
SA fe ij a VA YTEOP EY) Total alkalinity in mg/L as CaCO, 
Sai (GZ tum, Nymphaea odorata, Potamogeton praelon- lL 
— GF 

2 NS us, P. pusillus, P. richardsonii, and Zosterella —— 
ZN : i P 0 100 200 300 400 

Z ubia. 
Figure 104. Distribution and habitat characteristics of Utricularia 

geminiscapa Benj. 
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Utricularia gibba L. humped bladderwort 

oa! Substrate Turbidity 
A rare species, scattered statewide over a moderate pH range, le preference tolerant 

a limited alkalinity range, and a narrow conductivity range soft ~ 

(fig. 105). All but two distribution points were in the lowest [TS 

chloride areas of the state and all but three were in the lowest fe | I 

sulfate areas of the state. Usricularia gibba is found in water Ld | | L 

depths less than 3.8 m and prefers soft substrate. Y [od 6 

. SN Flowering and fruiting dates were not deter- Pe 4 

mined, but Tans (1987) reported most flower- Lyd ri LJ iy 
ing dates in August. Common associates in- \ | | [oy £7 

clude Brasenia schreberi, Myriophyllum farwellii, a Poo Ay 

} Potamogeton oakesianus, and U. intermedia. TI Lies 

Crow and Hellquist (1985) found U. gibba pri- SLI EA 

marily on acidic sites in New England, but * Literature reports } rt) 
they noted that it can be found on marly m Herbarium records near, 

j sites westward as well as on sandy shores. CJ PT: tLt 

| P This species appears to display this diver- C| I 

gence of habitat preference in Wisconsin. Ft Toke 

\ It is the most widespread Urricularia spe- Depthiaen 

<P y cies found in Wisconsin. Utricularia | in | | 

gibba is found in North America, 4 00 ay G00 

South America, and tropical Af- . 

\ 2 rica; one subspecies is known from pies 

Spain, Portugal, most of Africa, _ fi | 

tropical Asia, and Australia. 4 5 e 7 $ 2 a0 

Conductivity in pmhos/cm (25°C) 

4 0 200 400 600 800 

\ Total alkalinity in mg/L as CaCO, 

at __| 
Q 0 100 200 300 400 

4, Figure 105. Distribution and habitat characteristics of Utricularia 

gibba L. 
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Utricularia intermedia Hayne flat-leaf bladderwort 

; / oc? Substrate Turbidity 
A rare species, according to lake-occurrence data (fig. 106). ae preference tolerant 

However, Thomson (1940) and herbarium specimens indi- | soft _ 

cated it may be more common; Tans (1987) considered it the 

second most frequent bladderwort in the state. It is found to a rot | irs: rer 

depth of 3 m. All but two distribution points were in the low | 

sulfate region of northern and central Wisconsin. Ufricularia Y [od | Qo 

intermedia grows over moderate pH and alkalinity ranges and a ; | [| d | aye 

limited conductivity range. It prefers soft substrate. Turbidity | Ff ln 

tolerance and common associates were not established. Tans a / 

(1987) reported that flowering was about equally distributed Psat 

over June, July, and August. This species can overwinter under tii? 

the ice as a free-floating winter bud. 1 eT 

* Literature reports | J | 

@ Herbarium records > Le [| { 

CHe te 
Depth in cm 

z= lL 
0 200 400 600 

pH units 

4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 106. Distribution and habitat characteristics of Utricularia 

intermedia Hayne. 
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Utricularia minor L. small bladderwort 

oc? Substrate Turbidity 
A rare species, found at scattered locations in Wisconsin lakes ie preference tolerant 

(fig. 107). Like some other Usricularia species, most distribu- mye _ _ 

tion points were within the low sulfate water of northern and LTD 

central Wisconsin. It grows over a limited conductivity range rol keg I 

and moderate alkalinity and pH ranges. Tans (1987) also PT 

found it in calcareous fens, cold spring seeps, sedge and tama- y | Le if o 

rack bogs, and Great Lakes beach pools and swales in south- POLES a 

eastern Wisconsin and in Door County. Depth distribution LTT r | aly “ 

was not determined, but it is apparently a shallow-water spe- \ 1 | ' [py fp 

cies (Fassett, 1969; Gleason and Cronquist, 1991). Turbidity an Po 

tolerance, substrate preference, and common asso- | tI; 

ciates were also not determined. Tans SL eA 

(1987) found the majority of its flower- \ \ x Literature reports _ rl 

ing dates equally distributed in June, \ | J wt Blethadancecords P| et LT 

July, and August. It overwinters un- =) 2 | 

der the ice as free-floating winter fer 23% ; | Bat 

buds. It is easily distinguished from ae tt [de 
vegetative material by its flattened - pH units 

stem. ‘ — | os 
) 4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

eS 
0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

a | 
0 100 200 300 400 

Figure 107. Distribution and habitat characteristics of Utricularia 

minor L. 
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Utricularia purpurea Walter purple bladderwort 

; ; oa? Substrate Turbidity 
A rare species, found at scattered locations within the low sul- oe preference tolerant 

fate water of northern and central Wisconsin (fig. 108). It is | _ — 

found in low alkalinity, low conductivity, and generally low pH 

lakes in Wisconsin, but it also grows in moderately alkaline man I 

water in New England (Crow and Hellquist, 1985). It is prob- | [4 

ably more common than collection records indicate because it > [Ed a Q 

, is often sterile and ; | oo [ 
fy 

( Weg ALD : . uz aif) inconspicuous |; pe 
SOARS GO) $ and few botanists | | 

a SING (¢ Ys Way NG of L/ 

SN many small bog Ltt 
~< SO LZ lakes where it is Pir 

Ss PS, . ‘ 
S Se AY likely to grow ‘ | Sa) Nas = 7 Y to g) * Literature reports J] rT/ 

F SA (Tans, 1987). @ Herbarium records ep 

DDE Depth distribu- I 
- peas Se Wes tion, substrate Todi 

ISPSAC Gye Gor “ 3 
Se preference, turbid- | | rf 
BPI YS . 

x. hs LSS ’ ity tolerance, and . 
WY WAS? SK . pH units 
KE | ws common associates were mile Vv 

SS py, . . FL 
rs AIRY not determined. Flowering 

AB Pick 7 , 4 5. 6 7 8 9 10 Spring Summer Fall 
<3 Leo occurs in midsummer, and 

SP Sen Sk flower color can range from 
Ss SNL IEE: 5 = 8 z Conductivity in pmhos/cm (25°C) 
PEGI purple to deep pink to white 

py ASS (Crow and Hellquist, 1985). It has re 
SA} #4 

RAST 4 loosely formed and unspecialized a 200 A008 600 B00 

HTT WR inter buds. Vegetative material re) SS winter buds. Vegetative material can 
LK Lay, (YS : 5 . ee 

a fe) MS = be identified by the whorled, leaf-like Total alkalinity in mg/L as CaCO, 
2 Ad Ip 

Gd ve fe i branches and the bladders that are = 
ey , . T 1 

Ay A borne at the tips of the branches. 0 100 200 300 400 
Say a & ZENA [ANY 

: aT) ‘ 
6 
4 Figure 108. Distribution and habitat characteristics of Utricularia 

purpurea Walter. 
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Utricularia resupinata B.D. Greene small purple bladderwort 

nd Substrate Turbidity 
A rare species, scattered over the state (fig. 109). It is found in we preference tolerant 

low alkalinity, low conductivity water and over a moderate but | ~ ~ 

acid pH range. All distribution points were in areas where 

chloride concentration was less than 3 mg/L, and all points but man ty C 

one were in areas where the sulfate concentration was less than | [| 

10 mg/L. Substrate preference, depth distribution, turbidity Y | To || 2 

tolerance, common associates, and flowering and fruiting dates ; | oa | ‘ 

were not determined. Tans (1987) described the habitat for | | ppd ra 

this species as sandy lake shores, in many cases in water up to ae (/ 

15 cm deep. Vegetatively, this species looks very similar to \ Pst 

U. cornuta and, similar to U. cornuta, it does not produce win- Titi 
ter buds. Both species have grass-like oT | PET 

Ws Q branches above the substrate and blad- * Literature reports | J | 
\ der-bearing branches buried in the m Herbarium records LL? | FT/ 

\ substrate. This makes them easily cPLA 

overlooked unless they are flower- L— 

ing, which, according nae 

ge q Ss \ to the feceras I pH units 

) searched, is seldom. Ll 

Tans (1987) re- T 
4 5 6 7 8 9 10 

ported that most 

f, 4 flowering and 
i\ fi ii Conductivity in pmhos/cm (25°C) 

h RUNG L | fruiting occurs | 

| } I, j ({{ \ in July and Vm 
\ i 7 I,’ August. This 0 200 400 600 800 

MLE 2 i i rH ° species 1s 
| Mo aS on Le probably un- Total alkalinity in mg/L as CaCO, 

N/ MM . \ J { dercollected. ‘| | 
K a ° rT JT +. TT TT 4 

( | IN 0 100 200 300 400 

Y 

\ Figure 109. Distribution and habitat characteristics of Utricularia 

resupinata B.D. Greene. 
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Utricularia vulgaris L. great bladderwort 
f 

wap oa? Substrate Turbidity 
The most common bladderwort, found NY lp preference tolerant 

statewide (fig. 110). It prefers soft substrate, iN soft yes 

tolerates turbid water, and grows in water GAN 

depths to 2.4 m. It is found over a broad x ) i we le Le 
pH range, including some acid water with & * | Ta 

a pH of less than 5. Its alkalinity range is 0 Y 1 be 7] m4 0 

moderate and conductivity range is limited. No flow- ; | a wn a 

ering or fruiting dates were established, but I | | Py ra 

A Tans (1987) reported the majority of the f Wi (7 

£ VF flowering and fruiting dates occurs in Ps 

| wee June and July. Common associates in- «| 
G ~~) * 

% . clude Brasenia ‘ | 
OS iy > Wy } HM schreberi, Cerato- % Literature reports | y | 

VV NY j P by Jum echinatum, @ Herbarium records ya fe] / 

\ 7 Dulichium arundinaceum, Peta li 

Y Al 
ey SPETS Nymphaea odorata, Poly- ] L_—) | oe : OE SY LZ gonum amphibium, | rf 

OLA a 

w Wie Wb, Potamogeton natans, teyikciwcens 

EX Zan a! 8s Oe P. pusillus, Sagittaria i | 
SV RUG, SONA SE oe UL 
ay. Ae SH rigida, and Sparga- 0 200 400 600 

3 ERIS x m ets ea nium chlorocarpum. | 
Cannas Magic stand ; pH units 
RY a ays Ss A OLA rr Utricularia vulgaris 

ROY OY, es Q produces free-float- T : 
WA ing winter buds. 4 5 6 7 8 9 10 
ay aie 8 Ys re es Conductivity in pmhos/em (25°C) 

SELL 

Si VARS . BAS 0 200 400 600 800 

; NW <SERS 8 Total alkalinity in mg/L as CaCO, Woy eS 
S Waly 

=e oP CS 
See eee LSE 0 100 200 300 400 

AA bg \aet \ Figure 110. Distribution and habitat characteristics of Utricularia 

vulgaris L. 
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Vallisneria americana L. eel grass or wild celery 

siak Substrate Turbidity 
A common plant, found statewide (fig. 111). This species pre- ie preference tolerant 

fers hard substrate, is turbidity tolerant, and grows in water hard yes 

depths to 3.2 m. It is found over broad pH and alkalinity ier LS 

ranges and a moderate conductivity range. Flowering occurs in (ie), RR a r= 

late summer. The flowers are probably pistillate flowers. ~ 4 | LE 

Staminate flowers are released underwater and float upon the Yet “fe  * | ¥ Q 
water surface until they encounter the pistillate flower and pol- P| ie | ot a 

linate it (Sculthorpe, 1967). The length of the long, spiraled | FS ry 
stalk that bears the pistillate flower seems unrelated to the wa- th 

ter depth where the plant grows (Sculthorpe, 1967). It spreads \ ee 

from rhizomes with tuberous tips that, along with the fruits, cet] / 
are relished by waterfowl (Voss, 1972). Common associates are C1 Pa 

Najas flexilis, Potamogeton pusillus, P. gramineus, and P. nodosus. + Literature reports \ 2) | 

PL ot SSS @ Herbarium records 

AP OT AZ CPL ren Ee i? pee 
fj} | 4 / AG mms 

i | 

i y f; Depth in cm 

| l \ iH \ fj = | Zz Vv 

NN / i | CVA i 0 200 400 600 Spring Summer Fall 

\ i | } Ut pH units 

YE YET Ug oi =| 
| | | / fe 4 5 6 7 8 9 10 

( | | ' in Conductivity in pmhos/em (25°C) 

V y f 0 200 400 600 800 

\ { kk Total alkalinity in mg/L as CaCO, 

’ WW | [a \ WW rar ae We 0 100 200 300 400 
<a = Figure 111. Distribution and habitat characteristics of Vallisneria 

TANS americana L. 
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Wolffia columbiana Karsten common watermeal 

/ . oa? Substrate Turbidity 
An infrequently found species (fig. 112). However, it is prob- ie preference tolerant 

ably more common than its infrequent status indicates because | _ _ 

it is often overlooked in plant surveys because of its small size. 

It is found over moderate alkalinity and conductivity ranges ro} | [5 = 

and a limited pH range. No distribution points were found in | [7 

the Northern Lakes and Forests Ecoregion or in an area where y | Ld | | Q 

alkalinity was less than 15 mg/L as CaCO, only one point was ; | b> [| 4 | a4] 

in an area where calcium concentration was less than 10 mg/L. |] Ff A 

It is a free-floating plant; therefore, description of depth distri- ae (/ 

bution, substrate preference, and turbidity tolerance is inappro- Pr Li 

priate. The plant is seldom, if ever, found flowering (Voss, ‘ [Titi 

1972). Common associates include Ceratophyllum demersum, ri Pit 5 

Lemna minor, L. trisulca, Nymphaea odorata, Pota- * Literature reports } J | : 
r mogeton diversifolius, P. nodosus, P. praelongus, m Herbarium records LL ar. 

q \ P. zosteriformis, Ranunculus longirostris, and Spiro- PT - Tt 

dela polyrhiza. 

scron. sz PLT 7 te 
pH units 

Or Q | 
eo T T 

4 5 6 7 8 9 10 
ef SoS 

C3} ies 

G) Conductivity in pmhos/cm (25°C) 

kt | 

0 200 400 600 800 
AIEEE SS 

CO) EO 
Total alkalinity in mg/L as CaCO, 

mit 

0 100 200 300 400 

Figure 112. Distribution and habitat characteristics of Wolffia 

columbiana Karsten. 
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Wolffia punctata Griseb. dotted watermeal 

oa” Substrate Turbidity 

Listed as rare, but probably much more common (fig. 113). A a preference tolerant 

Wolffia spp. 1n general are overlooked; when they are noted, Tf _ _ 

W. punctata is seldom separated from W. columbiana in lake 

surveys. It often grows with W. columbiana (Voss, 1972), and it att | rm 

may be as common as that plant. None of the few distribution Tit 

points was located in the Northern Lakes and Forests Ecore- ye) Le 6 

gion. It is a free-floating plant, similar to W. columbiana; no ots 

flowering specimens have been reported. The two species can } | pe A 

sometimes be separated by an interesting growth characteristic: CE c} 

Wolffia punctata grows in a single layer on the water surface; es Py 

W. columbiana will grow in more than one layer, and some we Tiles 

plants are wholly submersed (Gleason and Cronquist, 1991). LI eRe 

Wolffia punctata plants are oblong, pointed at both ends, and & Literature reports pe , 

flat on top. Wolffia columbiana plants are spherical and rounded m Lletbarjum records PL el 

nop oT Fr CEPT 
pH units 

eo ane 

O 4 5 6 7 8 9 10 

Conductivity in pmhos/cm (25°C) 

@ @ @0@ @ @ @ 

0 200 400 600 800 

Total alkalinity in mg/L as CaCO, 

e @ @e @ ee 

0 100 200 300 400 

Figure 113. Distribution and habitat characteristics of Wolffia 

punctata Griseb. 
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Zannichellia palustris L. horned pondweed 

; oo ae our” Substrate Turbidity 
An infrequent species, distributed primarily in the southern le preference tolerant 

two-thirds of the state (fig. 114). Only one distribution point Tf hard yes 

was in the Northern Lakes and Forests Ecoregion; it was in an LT 

area where alkalinity was less than 30 mg/L as CaCO,,. This || 1s = 

species is found in high alkalinity, high pH, and high conduc- 15 

tivity water. It is turbidity tolerant and prefers hard substrate, STL b 

although Voss (1972) noted that it is found on muddy bot- po q 

toms. No flowering date could be determined, but it fruits by =e ri L | a 

midsummer. It is commonly found in water less than 3.6 m CE | a Ey 

deep. No common associates were determined. This plant is Po Lp Vu 

easily overlooked, especially when 1 VT CT] / 

found in tangled masses of vegeta- \ \ / CL] (TR 

tion. Its pattern of opposite branch- \Y\ / * Literature reports } Py) 

ing helps to differentiate its vegetative XQ m Herbarium records Fj ot Fy 

material from that of Potamogeton spp. \ \ \ \ CPt ren 
\ \ \ \ | \ . NY ore 

Py \ 7) Za Depth in cm 

“Ul \ 1 | Ye | 
‘ Y A “) \ \ ) /\, Je 0 200 400 600 Spring Summer Fall 

“a / \ \ Gy YS pH units 

\ | f \ 4 5 6 7 8 9 10 
(¢ ( VY Conductivity in ppmhos/cm (25°C) 

' yy = | 
| | 0 200 400 600 800 

ee SO A Total alkalinity in mg/L as CaCO, 

| J ‘ | 
f 0 100 200 300 400 

\ | \ Figure 114. Distribution and habitat characteristics of Zannichellia 

| : palustris L. 
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Zizania aquatica L. and Zizania palustris L. wild-rice 

onl Substrate Turbidity 
Until recently, considered a single spe- eo preference tolerant 

cies with three varieties (Fassett, 1951). \| soft no preference 

Plant surveys noted the species, but not \ USS aan 

the varieties; therefore, mapping the \ \ Ye \ (eh [4 lion 3 + 

two species that are now recognized is | Ze C. | | [| 

not possible from historical records. | / Wh Vf [Ld |” | o 

The map and chemical descriptions \ \ Ny 5 | p [ [va ( tL 

presented here combine both species ii ) | | ri L_| 

(fig. 115). Wild-ri A mi a = fy g. . Wild-rice grows over RX \ ik i I= (7 

a broad alkalinity range, a mod- * ary ‘i | y \ PS LE 

erate conductivity range, and a oH | FLL 

limited pH range. It is found at a i | { oT | Pe 

median depth of 0.9 m, prefers soft el * Literature reports | J 

substrate, and shows no turbidity Wy A Mt @ Herbarium records LL? ay. 
| preference. It flowers in mid- ‘ We Y PT CE 

. i summer and fruits in late sum- ' LZ, KS : rey) | : , ry SF mer. No common associates were found; ne a | 

ly the plant generally does not withstand com- Depth in em 

/ \__ petition very well (Voss, 1972). Zizania palustris is | WA A 
[> FL_FR 

the smaller and probably the more com- T ! — 

Le mon of the two species. It is found a 200 00 600 Spins) Semmes Ent 

\ primarily in northern Wisconsin pilunite 

ZA Yn \, a f | (Fassett, 1951) and, because of its _ in 
fr a f Vif . . 

/ WN oll p | large grains, it forms the base of 4 5 6 7 a ¢ 10 

) \ Reve the edible wild-rice industry. It Conductivity in pmhos/em (25°C) 
Vy \ ee, WA / has been spread to many waters by | | i 

e I "MY / Native Americans, wildlife manag- 0 , 200 : 490 600 800 ' 

iW j ers, and others. Zizania aquatica is a oo. 
» \ a . . an Total alkalinity in mg/L as CaCO, 

(| \? robust species found primarily in the LE 

southern half of Wisconsin; it may be EE 
b 2 . 0 100 200 300 400 

| wl coming rare as a result of continued . oa, . . 4 
\ : 5 Figure 115. Distribution and habitat characteristics of Zizania 

ana human encroachment on its habitat. . _ . 
FS aquatica L. and Zizania palustris L. 
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Zosterella dubia (Jacq.) Small water star-grass 

rd Substrate Turbidity 
A common plant statewide (fig. 116). It is found in water ie preference tolerant 

depths to 3.1 m, shows no substrate preference, and is turbid- no preference yes 

ity tolerant. Most submersed plants are sterile (Voss, 1972), so * 

flowering and fruiting dates were not established. The few | he ic 

flowering or fruiting plants noted were collected in middle to | 

late summer. Zosterella dubia is distributed over a moderate, ya] (_ |] 7 o 
somewhat alkaline pH range and moderate conductivity and = r {A a: «4 

alkalinity ranges. Common associates are Bidens beckii, Cerato- | | Pf ry 

phyllum demersum, Lemna trisulca, Myriophyllum verticillatum, Sted 

, Nymphaea odorata, Potamogeton nodosus, Poa Ey 

\ P. xosteriformis, and Utricu- r*ts[/ 

ZF laria geminiscapa. Lack of v1 fT] z 

( |( pe a prominent midrib in the * Literature reports be sy 

NV BA leaf makes it easy to @ Herbarium records LL icy, 

eZ ~ > a differentiate this species Taree 

’ \ /, Z |) 2 from similar-looking TTT fe 

Sy } fe CZ Potamogeton spp. rs | 
? YA A 

) ZB 0 Depth in cm <> 
2 | | | yo 

\ VV SE 
V7 0 200 400 600 

\ pH units 

——— ml 
Zz Lae” 4 5 6 7 8 9 10 

| SAS — Conductivity in pmhos/cm (25°C) 

\ SS 0 200 400 600 800 

\ Total alkalinity in mg/L as CaCO, 

0 100 200 300 400 

Figure 116. Distribution and habitat characteristics of Zosterella du- 

bia (Jacq.) Small. 
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GRADIENTS OF LAKE-PLANT important implications for the timing of management activi- 

CHARACTERISTICS ties. Potamogeton crispus, for example, usually dies by midsum- 

Figures 117-120 present alkalinity, conductivity, pH, and mer; after that, it no longer creates nuisance conditions. Nutri- 

depth distribution data in gradients of increasing median val- ents released from decaying P. crispus plants, however, often 

ues, which makes it easier to compare multiple species ranges stimulate late summer algae blooms. Management consider- 
and preferences. Flowering and fruiting dates (fig. 121) are ations and nutrient cycling are considerably different in a 

presented in gradients of increasing average value. It is easy to P. crispus bed than in a Vallisneria americana bed, in which 

see, for example, that Littorella uniflora and Najas marina are growth often does not peak until middle to late summer. 

not likely to be found in the same lakes because their alkalinity 

ranges do not overlap. These charts also provide a quick visu- HapsiraT SIMILARITIES 

altzation Br the breads oe Hieatiges ie Species occupy The habitat of a lake plant is defined by the interaction of 
Again, using alkalinity as an example, it is easily seen that . . . . . . 

. . .. . physical, chemical, and biological factors. In this section, I de- 
Utricularia geminiscapa occupies a much broader range than 5 7 : a 

Eriocaulon aquaticum, even though their median values are the fite an pope emia ie asi eilivaat analy 
came. sis to compare habitats on the basis of turbidity toletance, 

Tbs exident-ftomythese:charts-thatalllinity, conjiuctiv~ substrate preference, and distributions of alkalinity, conductiv- 

ity, and depth distributions are skewed toward low values. The ity ph and depth, 

minimum values of the distribution ranges are much more Methods 

similar to each other than the maximum values are to each To compare the habitat requirements of plant species, the co- 

other. A major difference between species is the extent to efficient 2W/A+B (Cox, 1967) was used to calculate the simi- 

which they grow in deep water or high alkalinity and conduc- larity of the habitat ranges of each species pair. The param- 

tivity water. eters compared are turbidity tolerance, substrate preference, 

The ranges of pH values do not display this skewed dis- and distributions of alkalinity, conductivity, pH, and depth. 

tribution. Some species extend into highly acidic conditions, The whole distribution range for each parameter was used. 

others into highly alkaline conditions, and still others have The factor 2W is twice the sum of the ranges two species have 

broad ranges that span acidic and alkaline conditions. Some in common; A and B are the ranges of each species. The pa- 

species that have a broad pH range have a median pH near rameter values were relativized by changing them to a percent- 

neutral. age of the total range for all species. Alkalinity, conductivity, 

Flowering and fruiting gradients have management and and pH distributions were available for all species, except 

ecological implications. Species that share the same habitat those having less than 10 occurrences, which were not consid- 

may reduce interspecific competition by flowering and fruiting ered. Substrate preference, turbidity tolerance, and depth dis- 

at different times. Growth for many species starts to decline tribution were not known or were not appropriate for some 

after flowering and fruiting. The times during which a species species (for example, depth distribution of Lemna spp.); in 

grows and dies can have profound effects on internal nutrient those areas, similarity was calculated from the data available. 

cycling in a lake’s littoral zone (Carpenter, 1983). It also has In total, 102 species were compared. 
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Total alkalinity in mg/L as CaCO3 Total alkalinity in mg/L as CaCO3 

Littorella uniflora | i : i Bidens beckii = Z_ i : i 
Utricularia purpurea (| i : i i Potamogeton robbinsi = || : i i 

Myriophyllum farwelli | i | : i i Nymphaea odorata i = =— i i 
Utricularia resupinata {| | : i : L Potamogeton gramineus EE : 

Sparganium angustifolium {| _ i i i Scirpus acuus = ||| i : 
Gratiola aurea [| i 4 : Polygonum amphibiun _||| : i 

Eriocaulon aquaticum —‘[|_ il i 2 : i Potamogeton amplifolius | EE | i 
Utricularia geminiscapa—s ||__ : i Potamogeton alpinus LM | | DE : 

Lobelia dortmanna = L/_  : L i i Potamogeton richardsonii =<&i_||| Ei i i 
Elatine minima {| i : i Scirpus americanus ee i i 

Myriophyllum tenellum {|| i : : Carex comosa Ree : 
Najas gracillima [LI i i i i Potamogeton praelongss = ||| i i 

Potamogeton diversifolius {|| i = i i : Vallisneria americana ||| OC : 
Sparganium fluctuans || i i i Potamogeton filiformis | : i 

Utricularia cornuta. || | i i i Najas flexiis I ||| Ei | i 
Eleocharis robbinsii (|| — i : : Zizaniaspp? LEE ||| Be : 
Juncus pelocarpus Ai i : : i Spirodela polyrhiza =’ | | | : 

Potamogeton oakesianus |_| | [i i i Flodea canadensis LZ ||| [i i 
Isoetes lacustris | i i i i Potamogeton zosteriforms i ||| i 

Isoetes echinospora || i : : Ranunculus trichophyllus | | | : 
Potamogeton epihydrus ‘i |||_ = : i : Potamogeton strictifolus | | |i : i : 

Potamogeton vaseyi ‘Mil Ml i : i Potamogeton natans $M [|| : 
Calla palustris 1 || : i i Sparganium eurycapun i?’ | | [ii : 

Sagittaria cuneata. | | | i : i Phragmites australis =i | | | [7 : | 
Fleocharis acicularis (||| i i : Myriophyllum verticilaum i | | | Ei : 

Dulichium arundinaceum Liha : i : Scirpus subterminals __|_| | e i 
Ranunculus flammula | i : : Ceratophyllum demersum Z| || i 

Eleocharis palustris ||| i: : i i Zosterelladubia «ss | | | i i 
Utricularia gibba |_| | i : : Potamogeton foliosus [| | | [SNS : 

Brasenia schreberi Ll! : i i Myriophyllum sibiicun /_/:! ||| i i 
Ceratophyllum echinaum 11 i i i Scirpus vaidus Z| | | : 

Potamogeton spirillus | Mi|i : i i lemnatisuica LZ | | | i i 
Sagittaria graminea = _||| : i i Lemna perpusila | : : 

Acorus calamus  i_| | i i i lemnaminr DE | | | Ei : 
Nuphar microphylla: LL : : i Najas guadalupesis ; EZ | [i : : 
Nuphar x rubrodisca | | | : i i Myriophyllum heterophyllum ==? __—s| : 

Potentilla palustris ‘S_||| L i i Potamogeton illincensis = ||| ii i 
Nuphar spp... _|||_ : : Typha angustifolia LZ | | | i | : 

Myriophyllum alterniflorum [| | i i : Scirpus fluviatilis = i | | (i i 
Flodea nuttallii |) i i : Potamogeton fiesi EZ | | | 7 : 

Sparganium chlorocarpun ss i | | i i Nelumbo lutea = | i : 
Utricularia minor =|__|__| : i Wolffiacolumbiana- | | | : i 

Pontederiacordata [|| #3/ : Potamogeton pectinaus ||| Di : 
Utricularia intermedia ss [| | lC : : Potamogeton crispus = i ||| [i | : 

Utricularia vulgaris «6 ||| i L Ranunculus longirosris = | | | ii i : 
Sagittaria rigida «= s |_| || : : i Zannichellia palustris 5 EE?! || i i 

Potamogeton obtusifolus =: oil — 7 i : Myriophyllum spicatun  —S ||| Si : 
Potamogeton confervoides [| : : i Potamogetonnodosus | $s [||| a i 

Typha latifolia || i : i Decodon verticilaus ——_ |_| | i 
Potamogeton pusillus ||| ii i : Najas marina | i 

itaria latifolia ||| #éiDE ss : i : ( 0 
Ee eeu Havel Ls : : ; ° 100 200 300 400 q : i : i Nuphar variegata and N. advena 

0 100 200 300 400 2Zizania aquatica and Z. palustris 

Figure 117. Comparison of species alkalinity distributions, arranged by Figure 117. Continued 

increasing median values. 
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Conductivity in umhos/cm (25°C) Conductivity in umhos/cm (25°C) 
Littorella uniflora i : i Nymphaea odorata | ||| : : 

Eriocaulon aquaticum =: _ i i i Equisetum fluviatle | ||) i i 
Gratiola aurea: (1 : : : Utricularia intermedia | | | i : 

Sparganium angustifolium : (il i i i Polygonum amphibium | Ei  —_—_—_—_— i i 
Utricularia purpurea: (i i i i Potamogeton gramineus | Z| : i 

Elatine minima: UT : i i Scirpus acutus | |) : 
Myriophyllum farwellii — : |__ : : i Potamogeton amplifolius | Zi —_—_—_—_—_—_—_—— i 

Potamogeton confervoides: ([[|__T i : Flodea nuttallii | [1 | i i 
Lobelia dortmanna _: [i : : i Carexcomosa : | | a i 

Utricularia resupinata —_: ||| 4 : i Potamogeton praciongus | ll) : i 
Najas gracillima : (1 i i i Potamogeton alpinus | i | | i i 

Sparganium fluctuans (| : : i Scirpus americanus ; | || i i 
Myriophyllum tenellum — : [_i i i i Potamogeton richardsonii |; Z| _ i i 

Utricularia cornuta’ | [| | i i i Scirpus subterminalis | |__| | i 
Juncus pelocarpus —_: [| i i i Vallisneria americana | 1) i 

Utricularia geminiscapa =: || _ i i Naas flexiis 1 —_—_—_———— : 
Eleocharis robbinsii : Wi : : 4 Spirodela polyrhiza EL | |) i 

Potamogeton oakesianus || i | i : Zianiaspp? | Z| |) a : : 
Isoetes lacustris : LI : i i Elodea canadensis | Z| | | : 

Isoetes echinospora _: | i i i i Potamogeton zosteriforms | ||| —_—_—_—_—_—_ i 
Calla palustris =: (1 i i i Potamogeton foliosuys |: Z| | | Ty i 

Potamogeton diversifolius : (| i : : Myriophyllum sibirium > x= || i 
Ranunculus flammula —: [a i i i Myriophyllum verticilaum ¢ | | | | i 

Utricularia gibba : (1 i i f Ceratophyllum demesun Z| i 
Potamogeton epihydrus : [| : : : Potamogeton natans [i ||| i 

Sagittaria cuneata | [|] i i Potamogeton strictifolius |: =’ | | : : 
Eleocharis palustris: | : i . Ranunculus trichophylluy | Zi |__| | i 

Eleocharis acicularis =: L/||  —_—_—— i i Lemna perpusilla ; — [oi 2 : 
Dulichium arundinaceum —_: 5] : i i Zosterella dubia’ ZZ ||| L 

Brasenia schreberi | || i: i : Scirpus validus | 1) i 
Potamogeton vaseyi | ELL] i : : Phragmites australis | | || Ty i 

Ceratophyllum echinatum _: [_| i i i Sparganium eurycatpum >) Z| | | —_————— i 
Sagittaria graminea —_: ||| i i i Myriophyllum heterophylun ;) | : 

Nuphar x rubrodisca ML | al i : : imatrisuica = | | | a | : 
Utricularia minor: |_|_|__ i : Lemna minor Z| | i 

Myriophyllum alterniflorum : | i i : Potamogeton illincensis | = || | 7: ; 
Nuphar microphylla: BT : H i Potamogeton fisi Ez: | | | a | ; 

Potentilla palustris =: i i : Wolfia columbiana | | | ay i 
Acorus calamus: Si | | : i Najas guadalupensis | TT : 

Nuphar spp.1 : || a : : Potamogeton pectinatus ||| a ; 
Potamogeton spirillus | HE : : i Nelumbo lutea: | = : : 

Pontederia cordata |_| i : : Scirpus fluviatilis = | | ——7 i 
Sparganium chlorocarpum —: |_| | i | Typhaangustifola Lz | | | = ; 

Potamogeton pusillus | || : i Zannichellia palustris | | | | | i 
Utricularia vulgaris | | | i : Potamogeton crispus | | | | TT : 
Sagittaria latifola —\|| EE i i Myriophyllum spicatun | | | : 

Sagittaria rigida =; 1] i i Ranunculus longirostris | [—Z? |_| | a: : 
Potamogeton obtusifolius | [| : i Potamogeton nodosus | | | | a i 

Bidens beckii | Mii ; : Decodon verticilatus | Z| |s | i | 
Potamogeton filiformis =| | : i Najas marina  — « : 
Potamogeton robbinsii | || am : i i : : : 

oo LH i ; 9 300 S00 908 
Typha latifolia i i i i ' Nuphar variegata and N. advena 

0 300 600 900 2Zizania aquatica and Z. palustris 

Figure 118. Comparison of species conductivity distributions, arranged Figure 118. Continued 

by increasing median values. 

244 245



pH units pH units 

Utricularia purpurea az | : i i Equisetum fluviatile ee, 1 
Littorella uniflora: : CL iii i Polygonum amphibium i 

Myriophyllum farwellii aE lL i Typha latifolia: rr 
Utricularia resupinata Ro i Nymphaea odorata a 

Potamogeton confervoides = | #3» i i Potamogeton robbinsii a 
Najas gracillima : EE 7 i i Spirodela polyrhiza i mz lr i 

Eleocharis robbinsii : Oo : ; Potamogeton richardsonii i inl 7 i 
Sparganium fluctuans | | : : Potamogeton amplifolius i | 
Eriocaulon aquaticum SS aS : Scirpus subterminalis a | llr CC i 

Potamogeton epihydrus | SS i Carex comosa : zz LhULr | 
Sparganium angustifolium SS i Vallisneria americana i SS 

Elatine minima | |) | : Potamogeton praelongus : ES 
Gratiola aurea a : Potamogeton gramineus i a 

Ceratophyllum echinatum lL : : Lemna trisulca | : ee i 
Utricularia cornuta i a i i Zizania spp.2 : : zl i 

Utricularia geminiscapa zh Ll ; ; Lemna perpusilla i i mm | zz i 
Myriophyllum tenellum : SE SC i Potamogeton strictifolius | : 

Potamogeton oakesianus Ue i Myriophyllum verticillatum a | a 

Calla palustris | a ; i Najas flexilis i a 
Isoetes echinospora Pin OO i i Potamogeton zosteriformis : ah ldhL i 

Utricularia gibba lll i Potamogeton foliosus i : hm i 
Eleocharis palustris: ay Ol i Myriophyllum heterophyllum f = : : 
Juncus pelocarpus | az i Zosterella dubia : iz hha : 

Dulichium arundinaceum : a : Sparganium eurycarpum : i El i 
Lobelia dortmanna | a i Lemna minor | i a : 

Ranunculus flammula _ = tC i Potamogeton natans | 
Brasenia schreberi | i Ceratophyllum demersum | za 

Elodea nuttallii : AL ee i Elodea canadensis i | 
Nuphar spp. a ee i Najas guadalupensis i i i | fs: i 

Potamogeton spirillus i i i i Wolffia columbiana_ : — i : 
Sagittaria graminea a i : Ranunculus trichophyllus i —.|lCCi*SCS i 

Potamogeton vaseyi : aa : Myriophyllum sibiricum a | i 
Acorus calamus : : El i Scirpus americanus : i | | hl i 

Sagittaria cuneata | SS ; Potamogeton alpinus: : i 
Eleocharis acicularis : | : Ranunculus longirostris Eee eal i 

Isoetes lacustris | a : Typha angustifolia i | 
Nuphar microphylla a : Scirpus validus ii  - 

Sparganium chlorocarpum azz CCL : Decodon verticillatus | i EL —— 
Utricularia intermedia : a : Potamogeton crispus i a 
Nuphar x rubrodisca EE i Zannichellia palustris: i : a | ! 

Potentilla palustris: aa | a : Potamogeton friesii — ie | : 
Potamogeton pusillus zz | : Phragmites australis: i LD hlLhLr : 

Utricularia vulgaris: | f Nelumbo lutea: i i lhl i 
Sagittaria rigida za | ha : Scirpus fluviatilis i : mE) i 

Pontederia cordata : a |) i Potamogeton illinoensis : : i Crain rms lc 
Sagittaria latifolia: a i Potamogeton filiformis : E i i : 

Potamogeton diversifolius : ll i i Potamogeton nodosus i i i 
Myriophyllum alterniflorum = ; a i Myriophyllum spicatum : i a 
Potamogeton obtusifolius : i : Ef. 8: : Najas marina i i i fh i 

Scirpus acutus : | lL i : ; : : : : 
Bidens beckii « ae | i : 1Nuphar variegata and N. advena 4 5 . 7 8 9 “a 

4 5 6 7 8 9 10 2Zizania aquatica and Z. palustris 

Figure 119. Comparison of species pH distributions, arranged by increas- Figure 119. Continued 

ing median values. 
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Depth in cm Depth in cm 
Potamogeton vaginatus : [I ; : Najas gracillima = Ls 

Sagittaria latifolia ‘||| : : Elodea canadensis: ||: 
Typha angustifolia : [|i : : : Myriophyllum verticilatum: = ||| — TT: 

Sparganium eurycarpum ‘(|| : : : Potamogeton zosteriformis = ||| 
Typha latifolia ‘|| : : Potamogeton richardsonii' = ||| TT 

Elatine minima : {| : i Potamogeton pectinatus = ||| 
Scirpus validus ‘Ei a: ; : Najas marina : | i i 

Sparganium angustifolum : [|| : ‘ Potamogeton praclonguss EZ | sy | i 
Dulichium arundinaceum : Mil i: ; Myriophyllum spicaum : ||| 
Potamogeton oakesianus : | Mm : Ceratophyllum demersun == | 

Sagittaria graminea : (1| | : Ranunculus flammula |) : 
Potamogeton foliosus : {||| : : Myriophyllum tenellum Ls 

Scirpus americanus : @_| | im : : : Myriophyllum sibiricun | shswOgoL =|! 
Sagittaria rigida : (|| oe : § Potamogeton robbinsii EE || LE 

Pontederia cordata : = ||| am: : : Myriophyllum farwelii: --’ ||| DE 
Sparganium chlorocarpum : Z| || Z lsoetes lacustris [ZZ | | | DE : 

Zizania spp.' : /_||| a: : Myriophyllum heterophyllun = |_| | 
Ranunculus longirostris :  U_|_| i ; 0 200 400 600 
Potamogeton nodosus : EZ ||| = ; 'Zizania aquatica and Z. palustris 

Ranunculus trichophyllus - @i_| | ; 2. Nuphar variegata and N. advena 
Eleocharis acicularis : ZZ ||| : 
Potamogeton natans : Zi ||| ; + . Znickelia pases Figure 120. Continued 
Potamogeton crispus ‘(i ||| a : 

Eleocharis palustris: ; ; Because substrate preference and turbidity tolerance are 
uphar spp? || : 

Brasenia schrebei |: || ; : not expressed as ranges, special rules were devised to compare 
Nymphaea odorata : ||| : 

Ceratophyllum echinaum | | | : values and express the results as a percentage of total range. If 

Potamogeton gramineus | || i a species preferred hard or soft substrate, it could occupy 50 
Potamogeton epihydrus : i_| || i ; . 
Potamogeton strictifolius : | || 7 : percent of the total range. If a species showed no substrate 

Potamogeton vaseyi : = | Mm : : : Potamogeton diversifolius | ZZ .Lim : preference, it could occupy 100 percent of the total range. For 

Potamogeton obtusifolius : i | Mm : ; example, if two hard- or soft-preferring species were com- 
Gratiola aurea: __l Ts : j 

Fleocharis robbinsii : Z| i pared, they scored 50 percent of the total range in common. A 
iculari ini a ie : ; i Utricularia geminiscapa j hard- or soft-substrate species compared to a no-preference 
Utricularia vulgaris | || : . ; 

Bidens beckii |: ||| i species also scored 50 percent. If a hard-substrate species was 
Potamogeton pusillus : EZ ||| : i i Eriocaulon aquadiouns = : compared to a soft substrate species, they scored zero; if two 

Utricularia intermedia |: ||| 7 i ; no preference species were compared, they scored 100 percent 
Zosterelladubia: | : PI P pared, they P 

Najas flexiis : EE | i of the total range. 
Vallisneria americana | i «=El (ies : : site i Potamogeton ilincenss | : Because there is probably no reason why turbidity-toler 

Utricularia gibba : EZ ||| a : ant plants cannot thrive in clear water, the rules for comparing 
Lobelia dortmanna: 7 | | : : ag 7 a‘ 

Potamogeton fiiformis | | | : i turbidity tolerance were slightly different. If a plant was tur- 

Potamogeton amplifolius >: = || : bidity tolerant or showed no turbidity preference, it occupied 
Isoetes echinospora : | | | : wae Lae 

j 50 ie ee 100 percent of the turbidity range; turbidity-intolerant plants 

occupied 50 percent. A score of 100 percent was given when 

Figure 120. Comparison of species depth distributions, arranged by in- two turbidity-tolerant or no-preference species were com- 

creasing median values. pared; a score of 50 percent was achieved when a turbidity-in- 
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Table 2. Examples of calculating similarity coefficients (2W/A+B)'! with a Results 

full dataset and with missing data. The result of Ward’s clustering is a dendrogram (fig. 122) that 

Full-data example illustrates the habitat similarity between species. Those species 

Ceratophyllum demersum Elodea canadensis In common that are close together on the list at the left of the diagram and 

Range Range Range are connected by short branches and few forks are found in the 
Min. Max. (%) Min. Max. (%) Min. Max. (%) Lo. . . 

TTT most similar habitats. Species that are close together, but are 
Akalinity 4 305 85 3. 295 82 4 295 82 ; 
Conductivity 17 675 77 24 645 = 73 24 645 = 73 attached by longer branches and more forks, have more dis- 

Depth > te * ° 1 5 i. ° 1 - i. similar habitats. Species that are widely separated on the list 

Substrate soft 50 soft 50 soft soft 50 and are connected by many forks and long branches have the 

Turbidity yes 100 yes 100 yes yes 100 least amount of habitat in common. For example, Acorus cala- 

TOTAL A=490 B=460 W= 459 mus and Utricularia intermedia probably share little habitat in 

2WIMSB O97 common. They are at the far ends of the dendrogram and are 

connected only by long branches and many forks. Ceratophyl- 
Limited-data example 

lum demersum, Elodea canadensis, and Potamogeton crispus, how- 
Ceratophyllum demersum Lemna minor In common oo 

Range Range Range ever, show a great habitat similarity: They are close together 

Min. Max.  (%) Min. Max. (%) Min. Max.  (%) and are connected by short branches and few forks. Care must 

Akalinity — 4 305 85 6 315 88 6 305 85 be taken when comparing species like Carex comosa and Pota- 
Conductivity 17 675 77 16 680 78 17. = 675 77 . 
pH 54. 99 gg 6 93 65 6 93 65 mogeton spirillus. Although they are close to each other on the 

Depth 0.1 4.5 compare d TT compare io. compare d species list, they are connected by a labyrinth of forks and long 

Substrate soft not — ~— § pot — ~ pot branches, which indicates that their habitats are not very simi- 
compared compared compared lar 

Turbidity _ 
tolerance yes 100 yes 100 yes yes 100 Statistical techniques can be used to suggest species 

TOTAL A=350 B=331 W=327 f dbv cl lysis. but ulti ly th ; 

2W/A+B = 0.96 groups formed by cluster analysis, but ultimately the groupings 

tafterCox(196)—~=<“Cts‘“‘=CS;2C +O!” are made subjectively. For ecological interpretation and man- 

agement purposes, comparison of small groups of species is 

tolerant plant was compared to any other turbidity type, in- probably most interesting. Examining the length of branches 

cluding another turbidity-intolerant plant. and number of forks allows the determination of species 

Table 2 illustrates how similarity coefficients were cal- groupings at multiple levels along a continuum of species or 

culated for a case with a full set of data and a case with miss- groups that have a similar habitat to others with a more dis- 

ing data. Similarity coefficients were changed to dissimilarity similar habitat to species or groups that have different habi- 

coefficients by subtracting the similarity coefficient from 1. tats. Because each reader’s interest is likely to be different, I do 

Ward’s minimum variance cluster analysis (SAS, 1989) was not make subjective judgments about species groups. The 

used to arrange species using the dissimilarity value as the dis- reader's examination of the patterns of species relationships to 

tance measure for clustering. answer specific questions is a more productive approach. 
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Spring Summer Fall Spring Summer Fall 

Polamogeton Vaginatiis  jeaswemcc Weoweeve terreus empress Sagittaria rigida ioe Nob leeed 
Potamogeton praciongus  xecessesonest eV ooesarew legen annie: ea Myriophyllum verticillatum o.oo... ccc ccc e hese Mo diceeeecceeeeeeebevesttststeeeed 

Potamogeton vaseyi lua We i : z Sagittaria cuneata io... lect Wc dette ttteeeteeed 
Polamogeton pectinatls fs, Viscorcccnsaytasususnvais Wisduna een inataaiseauins Bidens beckii 5 o..... occ Mi Mibced 

Equisetum fluviatile 5... Noo... bie eed Pontederia cordata 5.0... Mec eed 
Calla palustris 5.0... Mido Me bed Eriocaulon aquaticum 3 ....... cece bec eeec cece Moecee Meccchccee scorned 

Potamogeton friesii :.........M%...3 Mob heeeeeeeeeee Nelumbo lutea: beeen wcosemoeno Te OW. beceeeed 
Potamogeton natans :. we Mh Meee brereenereed Potamogeton diversifoliuS 3 ...... 0.000000 bececeeeceeeeee dec Mebied 

Potamogeton strictifolius cee Mb Mi becccccceccceeedenneeees i Isoetes echinospora seed wees hee Wk seed 
Potamogeton zosteriformis £...........Zibccecc Medes hetteed Elodea nuttallii i000... bocce dec Md 

Ranunculus longirostris i ............ Wi Mec cceccc ccc bccceveeeeceteebecseteetsssseed INGJASBPACIINA — escesmennsnerawtonsmonanssnometemnnaceccnnces MW reseasssucuneanail 
Potamogeton richardsonii i............ Wicceccseee Mi bicccccccceceeecbecstteeeeeesseed Napas marina A eccceaccaansd assmenennanetensscaansanncad Weagaansmecwsed 

Myriophyllum farwellii —:....... LN. setetdeeeeeeees cr DulichiamearwndinaCedM — dcxcswecossermebecenemsnneas Vroccamnarcansnee Wonmomaceaed 
Myriophyllum heterophyllum 5.0.0.0... Noccceece cece dict eeeeeebeteeteteeeeeeed Scirpus validus : ss Vivcwoes de i 

Fotamopeton MNOS Fracersmmmaene ls oo permomcenchenmsimmnmene tvratenennenceneol Ranunculus flammula joeccecces I Man Mi bd 
Ranunculus trichophyllus  ;..... Mosc N Lammas ee Zizania spp.1 ese ania Cae edie wun’ 

Zaninichelliaipalustris  pescevussnnsanach ssasnencc Wis Lomomaueeraatws tsancasnmcncvng Phragmites australis isc. vessessiissiawnrwnt Vaan iW encod 
Potamogeton:PObbinsil’  Lesscccamsaneorboommoncanima ccmmuninunisantrwemenananwed Gratiola aurea : ANZ, : i 

Potamogeton obtusifolius i..........ccceteceetece Me waeeewntpewuaies wed Sagittaria latifolia 3.0... detect Mic Michel 
Potamogeton foll0sus i eecivsecear Miwvecsomers Weoanavorveirt averse Utricularia purpurea ioe... ccc cece eeetecedee Mocteecctlestttsseeseed 

SCHPUSBOULS i esscmesnonercadhamecmnssmmmd Wagamama tanned Scirpus americanus jo...cec cece cece ccceee cbc Mice heccccessseeseed 
Eleocharis acicularis :. ee rome eW, wait Satie i Polygonum amphibium | ..........0 cocci MM id 

JORG PElOCAIPUS — ossicnmmnnmetssawraccernanntaa Wsmuvemunt oneeomrmecenne’ Decodon verticillatus i Liaw. LW j 
ISOStESJAGUSHHS §«— Feseomemezsanny qeeczeceerem ba uvaueeored ommend Flatine minima oooh bec Move hiccccceeeeeeeeed 
Carex comosa i... Vow sie, we i Vallisneria americana: wean seaneeeed Woche wusnad 

Poténtilla palustis essences Weave tanned 1 2 3 4 5 
Potamncgeton oakesianis perenne ae oes tinct ose ‘esr aguaies ana zianatis V flower W fruit 

Elodea canadensis. i..............S Mice i Mec hirssecttteedd 
Potamogeton spirillUS foo... ccc ccc de Wee hcteeeed Figure 121. Continued 

Myriophyllum spicatum weve beseees Bo Me: i 
Najas guadalupensis io... 22. ..eeedeveeeeeeeeeeeedec Mc hceeed , 5 

Najas flexilis ooo iced Mi hicccccceed It should also be remembered that widths of habitat 

potamogeton puss ranges are being compared. It is possible that a broad range 
Acorus Calamus i....... eee Mice bcc Weed species nearly overlaps the range ofa narrow range species, but 

Potamogeton gramineus  j.............00b Mec MWe enced a : ‘ “ 
Potamogeton nodosus ..... Sa WoW oe the similarity coefficient is not high because of the narrow 

Potamogeton amplifolius y...............1.....M7. cones Mons remerouuraine benaannconnonsned overlap of ranges compared to the total range of all species. 
Potamogeton alpinus io... Mi Me % 

Myriophyllum sibiricum 3........ bossa Verancannn tau tandaamcsmcanameed 
Potamogeton Crispus Fecsiivsscravevsteses MW peraces beowcesuverrins bewcereneuswed 

Potamogeton illinoensis  besesiicissevo teen Mei W, fanswnnsinsatnss Sosnenewntenened DISCUSSION 
Lobelia dortmanna oo... NW sermon Powe wal 

MyfiophyllariteneHam  Possuncsaseees] nasa Mesganss WC cnonassssedt aummnueninenend set . . 
Gerstophylim GOGH} secsnccsancees trexucee Wownea| a W ona rijauveaneenmmsand Association with ecoregions 

Scirpus fluviatilis seeds Mecca) Sggpens i The lack of lake-plant diversity in the Driftless Area Ecore- 
NyMphaenodofata  fevesmensmnectonmnne Mend hmnsec Manas | nmmnmoncccced . . . . 

Sparganium angustifolium j...... cece Mb We heed gion is most likely due to the lack of lakes in the region. How- 

eee emmonsstece os oy ; oes evilmapencamt ever, this is probably not the only explanation. Ninety percent 

1 2 3 4 5 (Lillie and Mason, 1983) of the lakes in this region are im- 

poundments that are a maximum of 150 years old, but many 
Figure 121. Comparison of species flowering and fruiting dates, arranged are much younger. They are also small, shallow, have high 

primarily by early to late flowering, where information was available. ionic concentrations, and poor water quality. These conditions 
252 253



Semi-partial R2 Semi-partial R2 
0.001 0.003 0.005 0.007 0.009 0.02 0.04 0.001 0.003 0.005 0.007 0.009 0.02 0.04 

Acorus calamus : : ; : Carex comosa |. ! 2 : : : : Ho 

Bidens beckii yi pe Sparganium eurycarpum FE 
Nuphar x rubrodisca + : : ; : ; : ; : ; ; Lemna minor + : : : : 

Utricularia gibba : : ) Ranunculus trichophyllus » ; : : | 
Dulichium arundinaceum + ; ; ; Potamogeton nodosus ° : : : 

Sagittaria rigida > Decodon verticillatus ; : ! ! : 
Sparganium chlorocarpum =H Scirpus validus SP 

Calla palustris + : : : : : : 7 Typha angustifolia | ; ; ; 
Potamogeton diversifolius : ; : : : Ceratophyllum demersum : : Bo 

Sparganium fluctuans Be Pa Elodeacanadensis ME tt 
Myriophyllum farwellii + : ' : ' ‘ ' ' Potamogeton Crispus : : : : ; ; : 

Ceratophyllum echinatum : : 2 : : : Potamogeton amplifolius ; ; : ; : 
Isoetes echinospora ‘ : Lemna trisulca | 

Potamogeton epihydrus : ; : : ; : : : Potamogeton friesii ; 
Sagittariagraminea yes Pe Zizania spp.' =: a Bo 
Utricularia cornuta me Potamogeton foliosus =_: Po DO 
Brasenia schreberi | : : 2 : : : Scirpus fluviatilis ; ; ; : ; : 
Sagittaria cuneata ! : : Zosterella dubia | : | : 2 
Potentilla palustris : ; : ; : Phragmites australis : ; : 

Eleocharis acicularis ‘ ; ‘ : ; : ; ; : ; Ranunculus longirostris ; ; : 
Potamogeton robbinsii | ; : ; ; ; Wolffia columbiana : : : ‘ : : : ; ‘ : 

Potamogeton confervoides mys Ft Myriophyllum heterophyllum =: mp po 
Potamogeton strictifolius : Spirodela polyrhiza | 
Potamogeton oakesianus + ; : : ; : ; : ; : Potamogeton pectinatus § ; 2 

Elatine minima mo Potamogeton richardsonii ™® 6 
Sparganium angustifolium : ; : Najas guadalupensis » : ; : : : : ; : 

Friocaulon aquaticum | ; : Zannichellia palustris ' 
Lobelia dortmanna ‘ : ; Myriophyllum spicatum } ; ; : ; : 
Eleocharis palustris | ; : ; : ; : ; : : Potamogeton illinoensis : ; : ; : 

Juncus pelocarpus ! : : : : : Myriophyllum verticillatum ° : ; ; 2 : 
Potamogeton vaseyi } : ; : ; : : Pontederia cordata ° : 2 : : : 

Utricularia resupinata ' ; :; ; : Potamogeton filiformis ; : : ; : ; : ; 

Eleocharis robbinsii ; : Scirpus americanus | ; ; 
Gratiola aurea ‘ : : Najas flexilis : ; ; ; ; 

Littorella uniflora + : : : : Potamogeton gramineus » ; | : 2 , 
Najas gracilima —— ——=|_— oe If Vallisneriaamericana Ast eS td 

Utricularia purpurea | : ; ; Nymphaea odorata | : : : ; 
Isoetes lacustris ; : : ; Potamogeton natans ! ; ; ; ; : 

Myriophyllum tenellum : ; : : ; Polygonum amphibium ) : 
Myriophyllum alterniflorum 2 ; : ; . : ; : : Sagittaria latifolia ' : : 

Ranunculus flammula | . : ; : ; : : Scirpus subterminalis ' ; ; : ; : 
Nuphar microphylla ft il Dos BS Najas naring —————— ————————— 

Potamogeton spirillus . : ; ; ; Elodea nuttallii : : ; ; ; 

: : : : : : : { Equisetum fluviatile : ; : : ; : ; : 
: : Typha latifolia ; ; 

Lemna perpusilla : ; ; ; : : 

Figure 122. Ward’s clustering diagram illustrating multivariate habitat Potamogeton Ontusiols $s ™ Si: 

similarity between species. Myriophyllum sibiricum | 
Potamogeton zosteriformis : ' ' ' : ; : . 

Nuphar spp? ——j_ SC 
i. . . Potamogeton praelongus } ; : : ; : : ; ; : ; 

eliminate species that migrate slowly, are not tolerant of tur- Potamogeton alpinus Jo 
. . . . ricularia vulgaris ; : ; : ; 

bid conditions, and prefer low ionic conditions. Potamogeton pusillus se 

Many species are wholly confined or have the majority Ue Utricularia minor pe 
triculariageminiscapa rr 

of their distribution within the Northern Lakes and Forests Scirpus acutus 
. . Utricularia intermedia ‘ ; ; : 

Ecoregion. These are generally species that have narrow or on. . 
Zizania aquatica and Z. palustris . 

limited distribution ranges and prefer low ionic conditions. 2 Nuphar variegata and N. advena Figure 122. Continued 055 
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Some species that have a northern distribution range find terns could be caused by error; ways to minimize error were 

their southerly range limits in northern Wisconsin. A few spe- previously discussed. An error, however, should not be as- 

cies that have southerly distributions or those that prefer high sumed only because a distribution point is an outlier. Water- 

ionic concentrations are not found in this region. quality conditions in a single lake can vary dramatically from 

A few species are found only in the Southeastern Wis- regional conditions. Some plant-distribution data are based on 

consin Till Plain Ecoregion. These species can tolerate high historical records. A species may have been extirpated from a 

lonic concentrations and are generally more common in coastal region of the state since the collection was made. ‘The historic 

or alkali water areas of the United States. No species are range of the species may have been greater than the present 

unique to the North Central Hardwood Forests Ecoregion. range. The Madison area lakes, for example, have lost about 

. . . one-third of their flora since 1900 (Nichols and Lathrop, 
Correspondence with regional water-chemistry 1994) 

patterns 

Some species found entirely within the Northern Lakes and Boxplots 

Forests Ecoregion grow only in areas where alkalinity, cal- The boxplots in this report show depth and water-chemistry 

cium, magnesium, sulfate, and chloride are low. Other species distribution for species in Wisconsin. Extreme care must be 

in the same ecoregion were not found in areas where all ions exercised when making ecological interpretations or when 

are low. These examples show how regional water-chemistry making comparisons to regions other than Wisconsin. If the 

patterns more clearly refine ecoregional patterns. All the above range of the parameter for a species is small (narrow- or lim- 

water-chemistry distributions must be viewed for this particu- ited-range species) compared to the total range of the param- 

lar pattern to be evident. eter, it is safe to assume that the species is living in its pre- 

Some species found primarily in the Northern Lakes and ferred habitat. This is especially true in Wisconsin for species 

Forests Ecoregion are also found in other areas of the state that prefer low conductivity and low alkalinity because Wis- 

where alkalinity, calctum, magnesium, sulfate, or chloride con- consin has an abundance of low alkalinity, low conductivity 

centrations are low. The most significant patterns may be habitats. As the distribution range for a specific parameter of 

those that relate to chloride and sulfate because species sensi- the species increases, it may more closely reflect the distribu- 

tive to high chloride or sulfate concentrations could be at risk tion of habitat available to the plant. Depth, alkalinity, and 

in lakes where concentrations increase. The increase in chlo- conductivity distributions are strongly skewed toward low val- 

ride concentration in some lakes is well documented and there ues (figs. 117-120). The median alkalinity of a species in Wis- 

is potential but no documentation for increased sulfate con- consin could be considerably different than the median alka- 

centration (Lillie and Mason, 1983). linity in, for instance, New England merely because the distri- 

Although volumes have been written about the relation- bution of water chemistries in New England might be difter- 

ship between phosphorus and productivity in lakes, no pattern ent than those of Wisconsin water. An extreme case in point is 

between summer phosphorus concentration and macrophyte Nayas guadalupensis distribution in relation to chloride. In New 

distribution was evident. England the mean value for N. guadalupensis chloride distribu- 

Points that do not fit general habitat-distribution pat- tion was 414 mg/L (Hellquist and Crow, 1980); in Wisconsin 
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Table 3. Number of species in commonness versus breadth-of- The matrix can be used to aid management decisions 

range categories. and to help formulate ecological questions. Species that have 

Conimonness narrow- or limited-habitat ranges and rare or infrequent abun- 

Range Rare Infrequent | Common Abundant dance are most in need of protection; species that are abun- 

Nasrow 2 1 0 0 dant or common and have moderate to broad habitat ranges 

Limited 11 21 8 0 are likely to spread rapidly into new areas and could cause 

wee ; “ 5 ; aquatic plant-management concerns. Species that are rare and 
roar 

sa = > have broad habitat ranges may be undercollected, and the esti- 

the maximum chloride value in the Lillie and Mason (1983) mate of their abundance may not be accurate. They could be 

anion lie dcaxavcsieirnell, May Waensa species that are recent invaders and are still expanding their 

3 Sa hi th b ies that have sl i- 
species are found over broad geographical ranges—some nearly BEEP EE sa a a a Sepeae i vate sn 

5 s —_— ti tu t u = 
worldwide. To define areas where a species prospers, distribu- "Ther “td ale 7 oy SOREL 4 Se SeRES EP 

tion over broad ranges of habitat variables, broader than those x v °y could’ also be poor competitors, an may not grow 
found in Wisconsin, needs to be studied in a location even though they may have the physiological 

Tivencdepth aisisBution sony influence ligt ability to grow there. The abundance of these species could 

skewed distribution of potential habitat. The mean depth of a soe limited i an stat No species were found 
: . . t t t = — 

more than 50 percent of Wisconsin lakes is less than 3 m, well inthe upper net comer OF Fable © marrow common, narrow 
within the depth range of many species, The probability of abundant, and limited-abundant), where species that might 

: . : : : d ickly or be bett titors th: Id b 
finding habitable shallow water is much greater than finding SPIES TBOTS GRIER Y OL DE RENEE SORE RIOR: EERE WOuMnDe 
habieable deep-water expected from habitat information would be found. 

Species commonness and breadth of habitat Spenicacaniesnen and aemlaney at halrest 

The average of the percent of range values for alkalinity, con- Because two species have similar habitat preferences or re- 
> : . . 

ductivity, and pH was used to define the breadth of habitat. A aan aad tines not th they ill - ean Srowing Re 

species with an average of 75 percent or more was classified as gether, any VICE VETS. cy may not be growing toget oreven 
: . . though their habitats are similar because resources in that 

a broad-habitat species; 50 to 74 percent, a moderate-habitat : i _. . 
: — ‘ ; habitat may be limited and competition for resources is high. 

species; 25 to 49 percent, a limited-habitat species; and less r i f the ieoetid sesd 
- 3 5 tu iG t 

than 25 percent, a narrow-habitat species. These classifica- Soswenes 3 raed ° . Ree - Sea one el meet 
‘ % 3 t! fe iy t ap- 

tions were compared to species abundances (table 3; Nichols SineE SPr eee wore se cess ane e cena SPPg CO TOheP 
and Veonie, 1991). As expected, mostvalues féll'on thediago- pear to be good competitors. Certain habitat parameters may 

: ‘ be much more influential in determining where a plant will 
nal from the upper left to the lower right of the matrix. That . . 
. . . . grow, and these key factors could be different from species to 
is, most narrow habitat species were rare and most broad habi ) . 
tat species were abundant. Most species were in the middle of Species. . . . 
SE ee The habitat parameters studied also vary in scale. Water 

jail w medaate lebiarenupe chemistry, for example, varies primarily between lakes; depth 
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and substrate can vary tremendously within a lake. Plants with REFERENCES 

similar water-chemistry requirements might not be found Adams, M.S., 1985, Inorganic carbon reserves of natural waters 

growing near each other because they prefer different sub- and the ecophysiological consequences of their photosynthetic 

strates. The habitat similarities shown in figure 122 are not depletion, (II) macrophytes, in Lucas, WJ., andJ.A. Berry (eds.), 

good predictors of which species associate with each other Inorganic carbon uptake by aquatic photosynthetic organisms: Ameri- 

(Nichols, 1990). This probably is not surprising considering can Society of Plant Physiologists, p. 421-435. 

the multiplicity of factors needed to define a species habitat Beal, E.O., 1956, Taxonomic revision of the genus Nuphar Sm. 

and our limited ability to measure them. of North America and Europe: Journal of the Elisha Mitchell Sci- 

entific Society, v. 72, p. 317-346. 
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DISTRIBUTION AND HABITAT DESCRIPTIONS OF WISCONSIN LAKE PLANTS DISTRIBUTION AND HABITAT DESCRIPTIONS OF WISCONSIN LAKE PLANTS 

Scientific name index Common name index 

Acorus calamus...... 22 Najas Ruppia maritima. . . . .178 arrowhead marigold, water ..... .24 spearwort.........172 

Bidens beckii....... 24 J rcillina ms 04 Sagittaria comm caved. mt ei naiad spike-rush 
B ee) es cuneata........ .180 pts slender..........92 creeping........ 46 
oe 6 Suadalupensis ns oe graminea....... .182 or mrs ie southern.........96 needle......... .44 

alla palusiris latifolia........ .184 spiny.......... .98 star-grass, water... . . 238 
Carex comosa...... . 30 Nelumbolutea......100 rigida......... .186 bladderwort ickerelweed 116 

, flat-leaf.........218 P mort ss sweet-flag......... .22 
Ceratophyllum Nupliar SPPw ee ny Sarpus 188 great 226 pipewort..........56 J tee arm 28 

demersum....... 32 aavenad......... acutus ......... yo water- For ee 
echinatum....... 34. Microphylla ......106  americanus...... .190 pomed ss Ne pondweed water-lily 

xrubrodisca......107 fluviatilis... .... .192 xed Sannneeet algal... 2.2... 122 fragrant ....... .108 
Decodon verticillatus... 36  yarjegata........104 —‘subterminalis .. . . .194 ourol Seeneeeerss alpine .........118 pygmy.........110 
Dulichium arundinaceum 38 Nymphaea validus........ .196 purple small 90d blunt leaf nt 146 yellow ........ .102 

. , Forts clasping-leaf ..... 
Elatine odorata........ .108 Sparganium small......... .220 curly-leaf 194 water-milfoil 

mmininia. re ‘0 tetragona........110 angustifolium La Oy bulrush forn.......... 158 alternate flowered. . . .76 

mandra . «1... . Phragmites australis . . .112 ourycarpum S55 giant..........196  flatstem....... .168 awa Lee eee ee 
Heochanis u Polygonum amphibium .114 fluctuans....... .204 hardstem. ee 183 oating-leat Lae 1“ ae ee 86 

acicularis. ....... . river ........2.4.4 ce ee ee ee a 

alustris........ 46 Pontederia cordata....116 Spirodela polyrhiza. . . .206 softstem........196  horned.........234 Spiked ......... .84 
P bb P poy Illinoi 138 arious leaved 80 ro insti. ....... 48 Potamoceton INOW. ........ v Ved. 2 we. 

lpi i 118 PG fol bur-reed large-leaf........120 whorled........ .90 
Elodea aipinus. .. 1.1... . angustifolia ..... .208 common........202 ja.¢ 132 

canadensis....... 50 amplifolius . -.++. 120 latifolia... ..... .210 narrow-leaf......198 ea water-shield ....... .26 

nuttallii,........ 52 confervoides Do we Utricularia small-leaf ...... . 204 Oakes’. oo “144 watermeal 
crispuS......... Fe ens 

Equisetum fluviatile . . . 54 diversifolius 96) ornuta...... «212 cattail ribbon-leaf ..... .128 Ccommon....... .230 

Eriocaulon aquaticum. . 56 epihydrus...... . .128 geminiscapa..... .214 broad-leaf.......210 sago..........148 dotted ........ .232 
filiformis..... . . .130 gibba......... .216 narrow-leaf......208  small..........154 waterweed 

Gratiolaaurea...... 58 foliosus....... . .132 intermedia . ..... 218 cinquefoil, marsh 170 spiral-fruited .....160 common........ .50 
Isoetes friesii . oo ee 134 MUNOL. 2 6 6 we ee oO t ] ° sn 39 spotted. oe we ew ew we .152 slender. . ew ee le le le 52 

echinospora...... 60 gramineus.......136 Purpurea... ..... COORNAM stiff. ress ss 162 wort, matted. . 40,42 
lacustris ........ 62  illinoensis ...... 138  "@SUPinata.... . . .224 crowfoot swift-water.......164 — oe 

natans 1490. Vulgaris... . 2... .226 stiff water 176  thread-leaf.......130 wildcelery....... .228 
Juncus pelocarpus .... 64 sorts ts ss mrss ‘able-leaf 136 
, nodosus.........142 Vallisneria americana . .228 white water ......174 Vase ree aL ee 166 wild-rice ........ .236 
emna oakesianus 144 aseys cee ee we ew 

ms Wolffia duckweed minor.......... 66 ‘foli water-thread. .. . . . 126 
perpusilla........ 68 oeetinatie on vie columbiana ..... .230 forked ..........70 9 White-stem...... . 150 
trisulca......... 70 praclongus..... . .150 punctata....... .232 great tee eee ee » 206 quillwort 

Littorella uniflora..... 72  pulcher........ .152 Zannichellia palustris . .234 an Oo - lake... 2.2... 62 
lus... 1.2... 154 Fiza; Ss inv- 

Lobelia dortmanna.... 74. PasteUS: = Zizania spiny-spore ..... . .60 richardsonii ..... .156 grass EAM aquatica. ...... .236 reed. common 112 
Myriophyllum robbinsii........158 palustris... . . . . .236 eel... 2.2... . 228 ns 

alterniflorum...... 76  Spirillus........ .160 widgeon........178 rush 

farwellii ........ 78 — strictifolius...... .162 Zosterella dubia . . . . .238 hedge-hyssop........58  brown-fruited. ... . .64 
heterophyllum..... 80 vaginatus....... .164 chairmakers. .... .190 
humile......... 82  vaseyi......... .166 hornwort......... .32 threesquare ..... .190 
sibiricum........ 84  Zosteriformis..... .168 spiny... 22+... 34 sedge 

spicatum. ...... + 86 popentilla palustris. . . .170 horsetail, water... ... 54 bristly .. 2.02... 30 
tenellum........ 88 lobelj 74 ond 39 
verticillatum...... 90 Ranunculus obella, water... P Se 

flammula....... .172 loosestrife, swamp... . .36 shoreweed, plantain. . . .72 

nivophytias nt ae lotus, American .....100 smartweed, water... .114
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