
Deep, hard-bottomed seepage lakes with extremely clear, soft water 
and low nutrient availability support an unusual flora of unrelated 
plants, many of which form rosettes of narrow, spike-like leaves. 
Pictured here is seven-angle pipewort (“white buttons”) in flower, 
and the diminutive small waterwort (Elatine minima). The strongly 
oligotrophic seepage lakes supporting this “sterile rosette” flora are 
found at scattered locations across northern Wisconsin but are espe-
cially common on the outwash landforms in the Northern Highland 
Ecological Landscape. Photo by Paul Skawinski.

Overview: Distribution, Abundance,  
Environmental Setting, Ecological Processes
The Oligotrophic Marsh is an unusual assemblage of dimin-
utive aquatic macrophytes that occurs in deep, clear, hard-
bottomed oligotrophic seepage lakes with circumneutral pH 
and extremely low nutrient levels. Lakes with these physical 
and chemical attributes are concentrated in those regions of 
Wisconsin covered by extensive areas of pitted, sandy glacial 
outwash, especially in the Northern Highland and North-
west Sands ecological landscapes. A few outliers are known 
from other parts of northern Wisconsin. The littoral zone 
substrates and lake bottoms are generally sandy, although 
gravel, cobbles, and boulders comprise at least a portion of 
the bottom materials in some of these lakes. Organic matter 
is absent or limited to a thin layer no more than a few mil-
limeters in thickness at most. 

The shorelines of the lakes supporting this aquatic commu-
nity may exhibit a narrow apron of damp sand or gravel, but 
there is often an abrupt transition from water to upland. Many 
of the lakes supporting this group of aquatic plants are sur-
rounded by and embedded within watersheds vegetated with 
extensive dry or dry-mesic forests, barrens, or bracken grass-
lands. Pines, oaks, or aspens are usually the dominant trees. 

Many of the highly specialized plants found in this low-
nutrient environment develop rosettes of extremely narrow, 
almost quill-like leaves. This is an example of convergent evo-
lution, where several species from unrelated plant groups have 

Oligotrophic Marsh (Global Rank GNR; State Rank S3) 
developed similar morphological characteristics to deal with 
the demanding physical aspects of their aquatic environment. 

The rosette leaves are not only quill- or awl-shaped but 
are short, stiff, lack stomata (at least in some species) and are 
covered by a thickened cuticle. These adaptations function 
to resist drying, damage in high energy shoreline environ-
ments, and resist gas exchange (water lobelia, for example, 
obtains virtually all of the CO2 it uses for photosynthesis from 
its roots). Plants grow at depths ranging from the shore line 
to several meters. 

In some exceptionally clear lakes in north central Wis-
consin’s Northern Highland Ecological Landscape, a few of 
these species may grow to a depth approaching 10 meters. 
The overall impression may be that the vegetation is sparse, 
but some of these species, e.g., brown-fruited rush, may car-
pet the bottom in dense beds though individual plants are 
only a few centimeters in height.

North of Wisconsin, lakes on the ancient and almost 
insoluble granites of the Canadian Shield share some of the 
same physical attributes described above, and the vascular 
plants found in these waterbodies are also similar (Harris et 
al. 1996). In Wisconsin, the Canadian Shield underlies much 

Locations of Oligotrophic Marsh in Wisconsin. The deeper hues shad-
ing the ecological landscape polygons indicate geographic areas of 
greatest abundance. An absence of color indicates that the commu-
nity has not (yet) been documented in that ecological landscape. 
The unusual aquatic macrophyte assemblages associated with deep, 
hard-bottomed, highly oligotrophic seepage lakes have not yet been 
mapped, but the sandy outwash landforms containing the greatest 
concentrations and best examples of these lakes occur mostly in the 
Northern Highland and Northwest Sands Ecological Landscapes.



Plants inhabiting deep, highly oligotrophic seepage lakes such as 
those characteristic of parts of the Northern Highland outwash 
sands include water lobelia and seven-angle pipewort, both shown 
carpeting a sandy lake bottom in their sterile rosette form. Photo by 
Paul Skawinski.

of northern Wisconsin, but here it is buried under deposits of 
outwash sands and gravels and ground moraine. 

Community Description: Composition and 
Structure 
This macrophyte assemblage could be grouped with either the 
emergent or submergent marshes. The representative plants 
mentioned here spend most or in some cases all of their lives 
underwater, but several species may be temporarily stranded 
on damp beaches during low water periods. American shore-
weed (Littorella americana) is wind pollinated and flowers only 
when it is slightly above the water level; water lobelia (Lobelia 
dortmanna) also sends its flowering stems above the surface.

Vascular plants characterizing this distinctive assem-
blage of aquatic macrophytes include seven-angle pipewort 
(Eriocaulon aquaticum), water lobelia, golden-pert (Gratiola 
aurea), dwarf water-milfoil (Myriophyllum tenellum), brown-
fruited rush (Juncus pelocarpus), lake quillwort (Isoetes lacus-
tris), spiny-spored quillwort (I. echinospora), and creeping 
spearwort (Ranunculus flammula). 

Rare plants include American shoreweed, Robbin’s spik-
erush (Eleocharis robbinsii), and northeastern bladderwort 
(Utricularia resupinata). 

Productivity of the lakes in which this assemblage occurs 
is low, but species that hunt mainly by sight, including Bald 
Eagle (Haliaeetus leucocephalus), Osprey (Pandion haliaetus), 
Common Loon (Gavia immer), Red-breasted Merganser 
(Mergus serrator), and Belted Kingfisher (Megaceryle alcyon), 
take advantage of the high visibility within the extremely 
clear oligotrophic waters to catch fish and other aquatic prey. 
Among the rare animals associated with the lakes supporting 
this unusual macrophyte community are several dragonflies, 
with the mottled darner (Aeshna clepsydra) being perhaps 
the most representative in such habitats. Other rare inverte-
brates, including Caenis youngi, a globally rare mayfly, have 
also been documented in such lakes. 

Conservation and Management Considerations
Most of the vascular plants occurring in these oligotrophic 
waters have been given very high coefficients of conservatism 
by at least some aquatic botanists (Skawinksi 2011, 2012). 
In this context, the coefficient of conservatism is a number 
indicating the vulnerability of an aquatic plant to disturbance. 
So the scores attributed to the unusual flora associated with 
these lakes indicate potentially high sensitivity to inputs that 
would alter and degrade water quality, such as sediment, 
excessive amounts of nutrients, and atmospheric pollutants. 

Protection of local watersheds is critical as the addition 
of nutrients and sediments will change the water chemistry 
and substrate characteristics that support these unusual plant 
assemblages. Maintaining clean airsheds may also prove vital to 
the maintenance of these clear, low nutrient lakes. Residential 

development, when accompanied by the destruction of shore-
line vegetation and the addition of sediments, nutrients, and 
various pollutants (such as fertilizers, herbicides, pesticides, or 
road runoff), can also be deleterious.

Deep lakes with clear, soft waters and hard bottoms are 
highly valued for many water-based recreational pursuits. The 
forested shorelines create an aesthetic appeal that has led to 
widespread development. When development is accompanied 
by clearing of the forest, the addition of lawns and impervious 
surfaces, and construction of roads and other infrastructure to 
serve residences, water quality is apt to decline. 

Another significant concern is protection of the shoreline, 
the interface between the water, and the adjoining beach or 
upland vegetation. Several species, including several of the 
rare plants, will only flower when temporarily stranded, and 
the nearshore habitats are easily disrupted or destroyed. 

Additional Information
For information on somewhat similar natural communities, 
see the descriptions for Submergent Marsh, Emergent Marsh, 
Floating-leaved Marsh and Inland Beach. Also, the defini-
tion/description of “Deep, Soft, Seepage Lake – Oligotrophic” 
in the Aquatic Features sections of this chapter provides some 
of the basic physical and chemical attributes that characterize 
these waterbodies. No U.S. National Vegetation Classification 
type corresponding to Oligotrophic Marsh appears to exist at 
this time, but Harris et al. (1996) and several other authors 
have described these clear, extremely oligotrophic lakes and 
their associated plants very well. 
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Skawinksi (2010)
Skawinski (2014)
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