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ABSTRACT

RESTORATION OF PRAIRIE FEN PLANTS, INSECTS, AND ABIOTIC
PROCESSES

By

Anna Katherine Fiedler

There are growing concerns about biodiversity decline and species extinctions due
to habitat fragmentation, invasive species, and climate change. Habitat restoration is
increasingly used to reverse degradation of rare ecosystems and maintain biological
diversity, species interactions, and ecosystem function. The effects of restoration
activities on these properties, however, are often not measured. The Midwestern U.S. has
a relatively high density of globally rare prairie fen wetlands which support high plant
diversity and support a number of rare and endangered plants, insects, and vertebrates.
The most common exotic invasive species in Michigan prairie fens is Frangula alnus
(glossy buckthorn). Frangula alnus invasion is known to alter soil and plant community
conditions in fens but changes following restoration have never been quantified. The goal
of my research was to assess changes in abiotic conditions, species diversity, and species
interactions after restoration, and to assess whether they are on a trajectory toward those
in uninvaded fen. Toward that end, I quantified differences in invaded and uninvaded
prairie fen before restoration began, as well as tracking shifts in resource availability,
plant community, pollinator diversity, plant-pollinator networks, and pollinator function
in the two growing seasons following restoration of prairie fen. I found a range of
responses to restoration across resources and plant community metrics. Light availability,

herbaceous plant cover, and relative graminoid abundance increased in restored plots,



while soil pH, surface spatial heterogeneity and floristic quality index were initially
greater in uninvaded areas versus invaded fen and remained so in the first two years after
restoration. These results indicate that some soil and plant community factors change
rapidly while others may remain altered for years.

A diverse community of mobile generalist pollinators rapidly re-colonized
restored areas. Bee and butterfly communities were nearly absent in invaded prairie fen
and responded rapidly to restoration in abundance, diversity, and composition. However,
plant species diversity and composition in restored plots remained significantly different
than in reference plots, suggesting the plant community may take longer to recover.

I examined plant—pollinator networks and the ecosystem function of pollination
using quantitative food webs describing plant-pollinator interactions, and by assessing
pollinator function using sentinel Asclepias incarnata plants. Plant-pollinator networks in
invaded plots were depauperate, with significantly lower plant and pollinator species
richness than restored or reference plots. Network connectance, compartment diversity,
generality, and vulnerability did not differ between restored and reference plots, with
marginally higher interaction evenness in reference than restored plots. Pollinator
function was restored in cleared areas in the first growing season following restoration,
with no significant differences in pollinator abundance or diversity between cleared and
reference areas. This work indicates that rapid restoration of plant community structure,
pollinator diversity, and function are possible in open-structured ecosystems. Combined
consideration of species diversity, ecosystem function, and species interactions provides a

process-based ecosystem analysis that can inform ecological theory and restoration.
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Chapter 1

LITERATURE REVIEW



Introduction

The retreat of the most recent glaciation from what is now the Northern U.S.
approximately 12,000 years ago created a set of abiotic conditions that paved the way for
the development of unique communities (Albert 1995). One of these is prairie fen, a
unique groundwater fed wetland habitat type in the Midwestern U.S. Prairie fen is
exceptional in that it supports very high biodiversity within communities that compose
less than 0.1% of the glaciated landscape in the Midwestern U.S. (Nekola 1994). Prairie
fen communities in Michigan are home to a suite of rare and endangered plants and
animals, including the federally listed Mitchell’s Satyr butterfly (Neonympha mitchellii
mitchellii). The plant community in prairie fen contains many rare species and is
increasingly imperiled.

Prairie fen is a fire—dependent community that is typically embedded in a matrix
of prairie and savanna habitats. Together, the upland and wetland elements create a
landscape of high biodiversity. Since European settlement in the Midwestern U.S., prairie
fen and the surrounding matrix have undergone a variety of changes. These changes have
resulted in a number of threats to prairie fen, including conversion, fragmentation,
hydrological changes, altered disturbance regimes, introduction of non-native species,
pollution, and increased nutrient inputs. The result of these combined threats is that a
group of plant and animal species endemic to prairie fen are are risk of extinction.
Perhaps more importantly, ecosystem functions such as water and nutrient cycling that
were once supported by this habitat mosaic may be disrupted. Insects are key to a variety
of ecosystem processes: decomposition, insect predation, herbivory, and pollination.
Pollinator species loss may represent a direct threat to plant persistence in fen due to

decreased seed set, and therefore persistence of already rare plant species. To prevent
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further species, habitat, and ecosystem function loss and to protect watershed health, an
understanding of the importance and restoration of pollinator function in prairie fen

communities is vital.

Glacial History

During the Wisconsonian glaciation in the Pleistocene, lobes of glacial ice flowed
down from the North, eventually covering all of Michigan and much of Wisconsin and
Minnesota (Albert 1995). The advancing glaciers passed over bedrock composed of
Paleozoic limestone, dolomite, sandstone, and shale, scouring uplands and carrying soil
and rock in and on the ice (Albert 1995). When the glaciers melted about 13,000-16,000
years Before Present (BP), the resulting glacial till was redeposited to form the current
landscape. Where glacial lobes meet along their edges, unique processes occur resulting
in the formation of interlobate landscapes. These areas are typically of higher relief than
the surrounding landscape and contain many ice-contact features, including end-moraine
ridges composed of elongate mounds of glacial till at the edge of glaciers, eskers formed
of glacial outwash carried by melting water under and between glaciers, and kettlehole
lake depressions left by melting ice chunks which often have surrounding wetlands
(Albert 1995). The moraine and esker soils are particularly well-drained, but poorly

drained soils are typical of the kettlehole depressions (Albert 1995).



Prairie Fen

Unique Wetland Type

Prairie fen habitats are one of the rarest wetland types in the U.S., and occur most
commonly in the glaciated Midwest (Spieles et al. 1999, Amon et al. 2002). The
difference between current day fen status and that before European settlement is not well
known because fen communities were not specifically delineated in early land surveys
(Bedford and Godwin 2003). However, prairie fens are undoubtedly much more rare
today than they were historically; Pearson and Loeschke (1992) compared the amount of
prairie fen in Iowa and determined that nearly 40% had been destroyed by cultivation or
drainage. In Michigan, there are currently approximately 130 fens, distributed primarily
in the southeastern and southwestern interlobate regions (Spieles et al. 1999). Prairie fens
are typically small, those in New York are primarily smaller than 5 hectares (Bedford and
Godwin 2003), but contain high plant species diversity. Amon et al. (2002) identified
1169 vascular plant species in Midwestern fens, many of them rare. This combination of
small size and high species richness makes fens biodiversity hotspots. In lowa, New
York, and New Jersey, fens compose less than 0.1% of total land, yet contain 7-18% of
the rare taxa that occur in those states (Nekola 1994).

The term fen is used to describe a variety of wetland habitats throughout North
America and Europe (Amon et al. 2002, Bedford and Godwin 2003). Although they
occur across a range of soils, climate, and water availability, fens are distinct from other
wetland communities in that all are groundwater fed (Bedford and Godwin 2003) (Fig.
1). Because the primary water input is groundwater, water level variation within

4



undisturbed fens is quite low (Amon et al. 2002, Bedford and Godwin 2003). The
resulting system is one where plants grow in constantly saturated soils but are rarely
inundated with standing water. The size of the catchment area surrounding a fen is one
determinant of how much this water level changes; if the recharge area is small and local,
water levels in a fen will drop during extended dry periods (Amon et al. 2002). Water
flows through the prairie fen in either diffuse surface flow or in more concentrated stream
flow (Spieles et al. 1999). The amount of water that flows from fens into surface lakes
and rivers varies greatly, and depends on the amount of water input into the system
(Amon et al. 2002).

Fen habitats have a high degree of mineral inflow through groundwater, and the
characteristics of the surrounding upland determine the amount and type of nutrients in

prairie fens. An alkaline fen results in locations where the surrounding substrate is

water source

rainwater

stable water > bog
level,

inundated

yes — marsh
next to open
surface water -r water body <
high water level no — swamp

fluctuation
gneiss, granite, iron- poor fen (pH 4.5-5.5),
groundwater richbedrock, ~ ~ w/ sphagnum moss
stable water levels surface+groundwater
no long-term
inundation alkaline _| ' ! '
bedrock  fen (pH >5.5), calcareous fen, marl fen,
peatland with rich fen, (pH 6-7.5), extreme rich fen
graminoids, brown  CaCO, deposits, (pH >7.5), mari at
mosses, shrubs, brown mosses, char- surface, vegetation
trees. acteristic dicot forbs. sparse and stunted.

Figure 1. Characterization of wetlands by water source and water level. Fen is defined by
groundwater, but poor fen may have a combination of surface and groundwater inflow.



primarily composed of limestone or dolomite bedrock or calcareous rich glacial deposits

(Bedford and Godwin 2003). Water flowing through all of these substrates becomes rich

in calcium and magnesium. As groundwater flows through surrounding uplands, nutrient
availability often decreases because formation of CaCOj;, CaPOj4 and the presence of iron
promote phosphorous adsorption or precipitation into forms of phosphorous that are
unavailable to plants (Bedford and Godwin 2003, Grootjans et al. 2006). These
communities are often referred to as rich fens due to high species diversity that occurs on
soils depauperate in nitrogen and phosphorous. A drop in the partial pressure of CO,
causes carbonates to form when groundwater rich in calcium bicarbonate reaches the
surface (Bedford and Godwin 2003). This causes calcium to precipitate out into CaCOs
deposits, creating a marl substrate that occurs only in alkaline fens. Most commonly this
deposit is clay-like marl, however, on occasion CaCOj; precipitates into hard deposits
known as tufa (Amon et al. 2002).

In Europe, prairie fens are considered one type of peatland, with peat substrate
and occasional mineral soils from CaCOj deposits (Rydin et al. 2006). In the U.S.,
however, fens can develop on carbonate or peat substrates, or a combination of the two
(Amon et al. 2002). Peat in fens is composed of organic matter provided by brown moss,
sedges, and sphagnum moss which break down slowly in the anoxic conditions of the
water saturated substrate in prairie fen (Amon et al. 2002, Grootjeins et al. 2006). If the
water inflow to a fen is small, there may not be sufficient water saturation to lead to peat
formation, leading to a fen with mineral substrate only (Amon et al. 2002). Prairie fens,

therefore, contain a mosaic with mineral deposits, as well as peat histosols in a



progression of decompositional states, including fibric, hemic, and sapric deposits (Buol
et al. 1997). Fibric peat is primarily undecomposed brown and sphagnum moss with a tan
to light brown color. When water levels drop, sapric peat formed from decomposed
brown moss, sedges, and sphagnum is likely to form (Buol et al. 1997, Amon et al. 2002).
Sapric peat based soils from 0.5 to >12 m deep are black and high in organic matter, and
are the typical prairie fen substrate (Spieles et al. 1999, Amon et al. 2002). Miner and
Ketterling (2003) examined the process of marl and peat deposition in a prairie fen in
Illinois. They found that basal peat deposits bordering marl flats ranged in age from
14,700 years old to less than 500 years old. This age range and the patterns of peat and
marl they found indicate that the formation of peat and marl flats is a cyclic process, with
peat erosion forming a marl flat that is subsequently covered by accumulating peat
(Miner and Ketterling 2003). Through the process of marl deposition, peat formation, and
erosion, a continuum of soils are present within prairie fen that form the substrate for a

variety of plant communities.

Plant Community Gradient

The plant community in prairie fen has been characterized as a gradient that
includes four (Spieles et al. 1999) to five (Bowles et al. 1996, Bowles et al. 2005)
vegetation zones. Here, I use the definitions outlined by Spieles et al. (1999), which
include sedge meadow, inundated flats, wooded fen, and marl flat. The occurrence and
amount of each vegetation zone varies from fen to fen.

Sedge meadow plant communities primarily occur on sapric peat and have the
greatest herbaceous cover and diversity of the plant communities, including shrubs,

composites, and grasses (Spieles et al. 1999). The sedge-shrub association contains
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Carex stricta (meadow sedge) and Carex aquatilis, in addition to low-growing shrubs,
especially Potentilla fruticosa (shrubby cinquefoil) (Spieles et al. 1999). The sedge-
composite association contains Carex stricta, C. saquatilis, and C. sterilis, along with
Aster spp. (asters), Eupatorium perfoliatum (boneset), and Eupatorium maculatum (Joe-
pye weed) (Spieles et al. 1999). The sedge-grass association is commonly dominated by
the same Carex species as sedge-composite, as well as Andropogon gerardii (big
bluestem), 4. scoparious (little bluestem), and Sorghastrum nutans (Indian grass)
(Spieles et al. 1999). Pycnanthemum virginianum (Virginia mountain mint),
Muhlenbergia glomerata (marsh wild-timothy), Thelypteris palustris (marsh fern),
Solidago ohioensis (Ohio goldenrod), and Rudbeckia hirta (black-eyed Susan) are
common species in all of the sedge meadow associations.

The inundated flats zone occurs in depressions near rivers or lakes within the fen,
and can be localized around the water body or more expansive. Inundated flat is the
wettest area in the fen, with up to 0.3 m of standing water in spring and summer.
Dominant plant species include a group of rushes: Cladium mariscoides (twig-rush),
Scirpus acutus (hardstem bulrush), Eliocharus rostellata (spike-rush), E. elliptica
(golden-seeded spike rush), and Juncus brachycephalus (Spieles et al. 1999).

Prairie fen may include a wooded zone dominated by shrubs and trees and
grading into uplands. In addition, wooded fen zones may also occur in wetter areas, with
Larix laricina (tamarack) dominating the tree composition. In some cases Ulmus
americana (American elm) and Acer rubrum (red maple) are present in this zone.

Common shrub species include Cornus foemina (gray dogwood), C. stolonifera (red-osier



dogwood), Toxicodendron vernix (poison sumac), and Spiraea alba (meadowsweet)
(Spieles et al. 1999).

Areas where calcareous groundwater seepage enters the prairie fen contain marl
flat vegetation. Sparse vegetation dominated by calcifiles characterizes these areas, which
may be small and broken or broad and flat. Species common in this area include Lobelia
kahlmii (bog lobelia), Carex flava (sedge), Rhynchospora alba (beak-rush), and
Parnassia glauca (grass-of-parnassus). Carnivorous plants, including Sarracenia
purpurea (pitcher plant) and Drosera rotundifolia (round-leaved sundew) may also be
found in this plant community.

The result of this soil and vegetation gradient is that the habitat frequently known
as prairie fen contains a variety of sub-communities. This continuum is part of the reason
for the unusually high species diversity in prairie fens, although all of these plant
communities are not present in each prairie fen. In summary, habitats discussed as prairie
fen here are groundwater fed, water saturated, alkaline habitats with soils that range from
mineral marl to fibric and sapric peat.

In addition to a plant community gradient, tussocks formed by C. stricta provide
unique microhabitat for a range of plant species occurring from wet to dry. Peach and
Zedler (2006) found high species richness on tussocks due to the increased surface area,
the seasonal change in composition, and the presence of multiple microhabitats on each
tussock. The result was greater species richness per area on tussocks than the fen

substrate.



Insects in Prairie Fen

Several studies have examined the insect community in prairie fen. Panzer et al. (1995)
reviewed literature and surveyed habitat remnants in the Chicago region to determine a
set of remnant-dependant insects associated with the savanna-prairie habitat continuum.
They found that Lepidoptera were one of the most remnant-dependant insect groups.
Michigan prairie fens alone contain 25 insect species of conservation concern, including
6 moth species in the genus Papaipema, ranked as special concern, threatened, or

endangered, in large part due to their endemism (Table 1). Of the arthropods in prairie

Table 1. The 25 federally endangered (E), candidate (T), and special concern (SC) insect
species in Michigan prairie fen communities (MNFI 2007).

. State
Order Genus and species Common Name Status
Odonata Cordulegaster erronea Tiger Spiketail SC
Williamsonia fletcheri Ebony Boghaunter SC
Orthoptera  Neoconocephalus lyristes Bog Conehead SC
Oecanthus laricus Tamarack Tree Cricket SC
Orchelimum concinnum Red-faced Meadow Katydid SC
Paroxya hoosieri Hoosier Locust SC
Homoptera Flexamia huroni Huron River Leafhopper SC
Flexamia reflexus Leafhopper SC
Lepyronia angulifera Angular Spittlebug SC
Prosapia ignipectus Red-legged Spittiebug SC
Coleoptera Liodessus cantralli Cantrall's Bog Beetle SC
Stenelmis douglasensis Douglas Stenelmis Riffle Beetle SC
Lepidoptera Calephelis mutica Swamp Metaimark SC
Euphyes dukesi Dukes' Skipper T
Hemileuca maia Barrens Buckmoth SC
Meropleon ambifusca Newman's Brocade SC
Neonympha mitchelii mitchellii  Mitchell's Satyr E
Oarisma poweshiek Poweshiek Skipperling T
Papaipema beeriana Blazing Star Borer SC
Papaipema cerina Golden Borer SC
Papaipema maritima Maritime Sunflower Borer SC
Papaipema sciata Culvers Root Borer SC
Papaipema silphii Silphium Borer Moth T
Papaipema speciosissima Regal Fern Borer SC
Spartiniphaga inops Spartina Moth SC
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fen, butterfly species are likely the most well-recognized and documented group in
Southern Lower Michigan. The greater Washtenaw County butterfly survey has
contributed to this knowledge, with documented Lepidopteran sightings from 1994
onward (Kuhlman 2007). Bultman (1992) studied the cursorial spiders associated with
prairie fens and oak hickory forest. He found that the spider community in the prairie and
seep regions of prairie fen was not the same as that in oak-hickory forest, while the
community in forested fen was similar to that in oak hickory forest. Similarly, Lammers-
Campbell (1998) examined the community of Chironomidae in a fen and surrounding
vegetation. She found that chironomid species and plant community corresponded well

with each other, but did not find any chironomid species that were specific to fen only.

Arthropods may not only be indicators of prairie fen community, but also play a
key role in formation of fen structure and vegetation. Lesica and Kannowski (1998)
examined the role that ants play in forming structure and altering the plant community of
fens. They found that while there was more magnesium, phosphate, sodium, and
potassium in vegetation hummocks, there were higher nutrient levels in ant mounds,
indicating that hummocks may be abandoned ant mounds and providing evidence that
ants are key to the formation of soil microtopography. They also found that several
grasses, including Muhlenbergia sp., grow on active ant mounds. Although each of the
experimental studies focuses on a distinct group of insects, it is clear that insects in
prairie fen are frequently associated \;vith vegetation structure and type, regardless of

whether they are the cause of (or response to) that vegetation.
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Historical Disturbance Patterns

Although perennially moist, the large volume of sedge and grass species in prairie
fen historically provided enough fuel to support frequent fire (Curtis 1971). Fire
maintained the open character of fens, so that while shrubs and trees are part of the
system, they did not historically dominate large areas of prairie fens. Fires occurred in the
past as a result of drought, lightning strikes and burning by native Americans (Albert
1995, Anderson et al. 2000).

Since about 12,000 BP, with the first evidence of humans in North America,
humans have modified the landscape with fire for a variety of purposes (Buckner 2000,
Dey and Guyette 2000, Williams 2000a). Paleo-Indian hunter-gatherers used fire
indirectly and directly for hunting. Fire was used directly to trap large mammals for
hunting, and indirectly to increase the production of forbs and grasses that provide habitat
for game (Dey and Guyette 2000). In addition, fire was used to increase the yield of nuts,
berries, and acorns, all of which provided food directly to humans and also increased
browse for game species (Dey and Guyette 2000). European settlers used fire to clear
agricultural fields, as well as to improve the quality of forage for range livestock
(Anderson et al. 2000, Dey and Guyette 2000). In a site in Southern Ontario, Dey and
Guyette (2000) found that the mean fire return interval in red oak forest was 15 years
from 1600-1900, but that varied from 5 to 76 years, illustrating that even with
anthropogenic fire regimes, fire frequency was variable.

The General Land Office surveyor notes for the Jackson interlobate region of
Michigan in the early 1800’s contained historic references to American Indian fires in the
oak savanna and barrens (Albert 1995). Even though European settlers used fire for

management, fire frequency decreased with European settlement. The average fire return
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interval in a forest, savanna and fen mosaic in the Missouri Ozarks from 1710 to 1830
ranged from every 3.0 to 4.8 years, while during European settlement that increased to
every 6.9-12.5 years (Dey et al. 2004). In the early 20" century, complete fire
suppression became the primary mode of land management. The result of lengthening
fire return intervals in the 1900’s was that the prairie savanna landscape, including prairie
fen communities, was colonized by trees and shrubs over time (Buckner 2000, Dey and
Guyette 2000). One factor preventing prairie fens from becoming forested since the
increase in fire interval is the high water table that prevents most trees, shrubs, and
invasive plant species from establishing.

Historic disturbance in prairie fen also included grazing by ungulates, including
white-tailed deer, red deer, elk, moose, and auroch (Middleton et al. 2006a, Rydin et al.
2006). In addition, beaver historically created ponds by damming waterways, which after
abandonment succeeded to marsh meadows or fens (Rydin et al. 2006). Fire and grazing
thus combined to play a role in shaping the Midwestern landscape, with a matrix of open

communities and forested habitats in upland areas (Anderson et al. 2000).

Threats to prairie fen systems and their management

There are a number of threats to prairie fen habitats, all of which are either a
direct or indirect result of human impacts on the landscape. These include habitat
fragmentation, changes in hydrology, invasive species, changes in nutrient inputs and
increased pollution, and changes in the fen disturbance regime. In many cases these
factors interact to impact prairie fen communities. The effects of these threats both
individually and together mean that prairie fen systems will need to be managed for their

persistence.
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Conversion

Worldwide, the primary threat to prairie fen habitat worldwide is the direct
conversion of prairie fens to agricultural and other land uses (Grootjans et al. 2006, van
Diggelen et al. 2006). In Europe and Central Asia, wetlands have been drained since the
Middle Ages for hay production and cattle grazing. In the 20™ century, drainage
technology developed further, so that crop production was possible on drained wetlands,
leading to a large increase in wetland drainage (van Diggelen et al. 2006). Wetlands are
also drained for peat harvest for garden soil enrichment and as a fuel, though bogs are
more commonly mined for peat than fens, in areas where peat is rare prairie fen may be
used to provide peat. After peat extraction, an area of open water remains (Grootjans et
al. 2006), which no longer provides substrate for fen plants. Marl in prairie fens has also
been extracted to provide lime on agricultural soils, as well as for cement production
(Morrison 1945).
Fragmentation

In addition to direct conversion of prairie fens, the landscape surrounding these
habitats in the Midwestern U.S. historically contained oak savanna and upland prairie
communities. Both of these community types have been converted to agricultural land
since the 1830’s. More recently these lands are being intensively developed, so that
residential development adjoins prairie fen habitats (Amon et al. 2002) and disturbance
has increased or changed in the area between prairie fens (Bedford and Godwin 2003). In
many cases, plant and animal species in prairie fen communities, which by their nature
were already isolated from each other, have less suitable habitat for dispersal to nearby

prairie fen communities. The result of this decreased dispersal is that plant establishment
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depends on the seed bank exclusively in many cases, rather than on a combination of a
seed bank and seed dispersal (Middleton et al. 2006a). Additional negative genetic effects
of small populations, such as genetic drift, could be detrimental to fen biodiversity in the
long-term.
Hydrological changes

As groundwater-fed communities, prairie fen habitats are extremely sensitive to
changes in hydrology. Alteration of groundwater recharge areas surrounding the prairie
fen can change the volume of water and nutrient that enter the fen system (Boeye and
Verheyen 1992). Quarrying, field tiling, ditching, irrigation, filling, addition of
impermeable surfaces (such as roads), and residential development in the uplands
bordering prairie fen all disrupt groundwater flow into fens (Amon et al. 2002, Bedford
and Godwin 2003). Water withdrawal from aquifers caused by irrigation can alter the
depth to the water table, reducing moisture in the plant rooting zone in fens (Amon et al.
2002). In prairie fens with reduced groundwater input, rainwater can flush away minerals
key to plant community and soil development (Spieles et al. 1999). Oxygen also becomes
more common in soil with depleted water levels, disrupting the anoxic environment
characteristic of prairie fen (Amon et al. 2002). Both of these changes lead to succession
that is not characteristic of fens.
Changes in disturbance regime

Decreasing frequency of fire, grazing, and mowing have led to a variety of
changes in prairie fen communities. All three disturbance types historically created open
niches for new plant establishment, and likely played a key role in maintaining high plant

diversity in prairie fen. With no grazing, mowing, or fire management, Jensen and
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Schrautzer (1999) found that 23 species were likely to become extinct in a German fen
system. This group is most likely to include small-seeded species, which depend on bare
soil provided by disturbance for establishment and germination.

Several studies indicate that prairie fen plant diversity decreases over time
without fire. Kost and De Steven (2000) found increased perennial forb cover in one
Wisconsin sedge meadow following a prescribed burn, and their findings indicate that
fire provides 1-2 years for forb recruitment due to the decreased litter layer, leading to an
increase in plant diversity. Weltzin et al. (2005) examined the effect of litter removal and
plant community composition in a fen and found that litter removal increased light
availability, soil temperature, and phosphorous in aboveground plant material, along with
altering plant communities. Fire burns leaf litter and provides openings in plant
communities that likely lead to similar effects on plant communities. Bowles and Jones
(2006) examined a group of wetlands in the Chicago region, and found that fens burned
every 5 years over a 30 year period maintained species richness, while those burned less
frequently did not. In addition, Middleton (2002) performed controlled burns in sedge
meadow communities in Wisconsin, and found an increase in forb species richness after
burning, including the presence of species that had not been documented in the habitat
over the prior 20 years.

While fire may negatively affect insect populations in the short term (Swengel
1998), it is clear that the plant community that provides insect habitat does not persist in
the absence of fire. Low-intensity patchy fire, such as that historically present in this
landscape, would provide refuges for insect re-population. Panzer and Schwartz (2000)

found increased species richness and population densities of most remnant-dependant

16



insect species with rotational burning and fire return intervals of 2-5 years. Williams
(2000b) recommends reintroducing fire into the landscape mosaic that includes prairie
fen, with the caveat that it be “Indian-type” fire. This type of burn involved a mosaic of
habitats that were exposed to low-intensity, patchy fire. Additionally, burns can be timed
to avoid periods when insects of concern are in immobile stages, can be carried out in
rotating burn units, and burns can be conducted at varying times in the growing season to
minimize the effects on one group of insects or plants (Reed 1997, Panzer 2002).

Mowing of prairie fen has been practiced in Europe for hundreds of years for hay
production. Beginning in the 1970’s many of those fens were no longer mowed, which
has led to increased shrub cover and decreased plant diversity (Middleton et al. 2006b).
In addition to controlling shrub growth and maintaining high species diversity, mowing
has been used effectively as a way to decrease the effects of high nitrogen inputs
(Verhoeven et al. 1996).

Prairie fen communities, with their grass and sedge rich flora, presented a habitat
for cattle grazing, and fen meadows and partially drained fens were used for this purpose
through much of the 20™ century in both Europe and North America (Middleton et al.
2006b). Grazing has both positive and negative impacts on prairie fen. Positive impacts
include maintenance of open habitat in the absence of fire. On the other hand, cattle can
break down the characteristic hummock structure in prairie fens, decreasing the
microhabitat variability available to plant species. In addition, when cattle are removed
from the habitat, shrubs that cattle grazing had kept small often grow rapidly and become
dominant in the fen (Middleton 2002). Reintroducing grazing in prairie fen, however, is

not likely to lead to former plant diversity, as species with seeds that do not persist in the
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seed bank will not return with reintroduction of grazing after long periods (Hald and
Vinther 2000).
Pollution, nutrient inputs, and invasive species

A variety of pollution types increasingly enter wetland systems, including
chlorine and sodium from road salt, nutrients from septic tanks, herbicide runoff, and
fertilizer runoff. Panno et al. (1999) found increased abundance of invasive narrow-
leaved cattail and decreasing diversity of native vegetation near a site of nutrient addition
and pollution from a nearby septic system and roadway, which contributed Cl- and Na+
to the groundwater. Evidence indicates that pollution leads to changes in the fen plant
community.

Changes in nutrient availability may lead to changes in plant dominance within
prairie fens. Increased nitrogen deposition in Europe has changed nutrient inputs in
wetlands so that some plant communities that were formerly nitrogen limited become
phosphorous limited (Verhoeven et al. 1996). Without management such as mowing,
plant community succession changes and decreased species diversity often result
(Verhoeven et al. 1996).

Prairie fens are increasingly impacted by invasive plant species. Bowles and Jones
(2006) compared changes in 31 wetland communities in the Chicago region between
1976 and 2002. They found increased abundance of invasive plant species purple
loosestrife (Lythrum salicaria), glossy (Frangula alnus) and common buckthorn
(Rhamnus cathartica), and narrow-leaved cattail (Typha angustifolia). Additionally, they

determined that increased abundance of both invasive narrow-leaved cattail and native
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broad-leaved cattail (Typha latifolia) were associated with significant decreases in native
species richness within study plots (Bowles and Jones 2006).

The effects of invasive species are often compounded by increased nutrient
availability, which has potential to increase growth of invasive species but not native
species, leading to a competitive advantage for the invasive. Woo and Zedler (2002)
determined that nitrogen and phosphorous addition to Typha x. glauca led to increased
height, biomass, and ramet density, but had no significant affect on native graminoids.
Rickey and Anderson (2004) found a similar pattern with Phragmites austrailis, with
increased Phragmites biomass with nitrogen addition but no significant change in native
Spartina pectinata biomass. Lindig-Cisneros and Zedler (2002) found that reed canary
grass (Phalaris arundinaceae) was more likely to establish in areas with fluctuating water
levels than static water levels. In addition, they found that P. arundinaceae required light
availability for germination, which would be caused by a disturbance in prairie fen.

Four changes in environmental conditions are linked to the spread of aquatic
invasives: changes in wetland hydrology, increased nutrient levels, increased salinity, and
removal of vegetation (Galatowitsch et al. 1999). All of these changes occur with
increasing frequency in prairie fens. The result is that a veritable maelstrom of factors is
interacting to affect the existence of prairie fen communities. Although the factors
threatening prairie fens all stem from human activities, ironically, prairie fens are
unlikely to persist without human intervention to maintain them. In Europe, many areas
considered natural fens area actually fen meadows that have been slightly drained and
used for grazing or mowing, and in North America many prairie fens have been grazed

historically (van Diggelen et al. 2006).
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Glossy Buckthorn

Life history and arrival in Michigan
Glossy buckthorn (Rhamnaceae: Frangula alnus P. Mill. (previously Rhamnus
Jrangula L.)) is a shrub of Eurasian origin that is especially aggressive in bogs and fens
(Voss 1985). Frangula alnus was likely introduced into North America by 1800,
cultivated as a hedge plant and for wildlife habitat, but did not naturalize until the 1900’s.
Frangula alnus establishes well in acid to alkaline peat soils with some moisture,
although it is does not survive permanent waterlogging (Godwin 1943). In peat soils, the
root system grows very near the surface, above the water table (Godwin 1943). Frangula
alnus forms even-aged stands and individuals grow to 7 m tall; the species is sometimes
‘considered a small tree (Converse 1984). Glossy, smooth, oval leaves with parallel
venation open on this shrub earlier than many native woody species in the U.S. Midwest,
and stay green late into the fall (Godwin 1943). |
Reproduction is primarily sexual, although asexual reproduction is reportedly

possible in the absence of insect pollination. Frangula alnus blooms from the end of May
— September, and ﬂowers are visited by bees, wasps, ichneumonids, and beetles (Godwin
1943). Ovate drupes containing 2-3 pyrenes each are produced in large numbers annually
(Godwin 1943). Drupes are green when immature, then red changing to black (Converse
1984). A large variety of bird species eat F. alnus berries and disperse seeds (Catling and
Porebski 1994). Seed dispersal is also carried out by mice and elk, and dispersal in water
may also be possible; dry F. alnus seeds float for one week, and fruits float up to 19 days
(Converse 1984). Seedlings establish most easily in areas with exposed soil and available
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light (Godwin 1943), and F. alnus has greatest seedling density near the source of seed
(Converse 1984). Seeds are viable for at least 6 years (Walsh et al. 2003), although if in a
dry location for several months the germination rate is very low (Converse 1984).
Frangula alnus is currently widespread in North America, from Nova Scotia
west to Manitoba in Canada and in the Eastern U.S. as far south as Kentucky (Sinclair
and Catling 1999). Frangula alnus was first collected in Michigan in Delta County in the
upper peninsula in 1934, although it was likely present in the state before this time (Voss
1985). Frangula alnus is most common in Michigan in fens, bogs, disturbed damp to wet
areas, lake shores, and thickets along rivers (Voss 1985), although it will survive in

forests, as well.

Impacts on habitat

There is evidence that F. alnus displaces native plant species in its invasive range.
In an Ontario wetland, Sinclair and Catling (1999) compared plant growth in plots with
F. alnus removed versus beneath F. alnus cover. They found both greater herbaceous
percent cover and species richness in removal plots. In contrast, Houlahan and Findlay
(2004) examined wetlands in Ontario and found that when considering the entire wetland,
exotic plant species, including F. alnus, were not more likely to be dominant plants than
native species. Their results indicate that exotic plant species do not competitively
exclude native plant species across wetlands. This pattern is focused on species
dominance and not species identification; species composition in the presence of F. alnus
may change in wetlands. There may also be effects of scale on this pattern, so that at

smaller scales native plant diversity is low where exotic plant cover is high.
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Frangula alnus may also impact a variety of abiotic factors in prairie fen habitats.
Transpiration of F. alnus in midsummer has been shown to lower the water table
(Godwin 1943), making prairie fen systems increasingly suitable for F. alnus and less
suitable for native prairie fen species. The organic matter hummocks characteristic of
prairie fen communities may provide a wet but not inundated microhabitat conducive to
F. alnus seedling establishment. In the presence of F. alnus, those organic matter
hummocks are broken down, reducing microhabitat differences within the fen. This
process may be assisted by an overall decrease in the water table. In addition, F. alnus
may alter nitrogen cycling in prairie fen systems; related common buckthorn (Rhamnus
cathartica L.) is associated with elevated nitrogen levels in Illinois woodlands (Heneghan
et al. 2006). Concurrent with increased nitrogen levels, leaf litter decomposition rates
may be altered in the presence of F. alnus, resulting in changes in nitrogen mineralization
rates. Weltzin et al. (2005) found that the plant community in a northern prairie fen
changed with litter removal. This indicates the potential that changes in leaf litter
thickness below F. alnus lead to changes in plant community composition in prairie fen
communities. The potential for F. alnus to alter communities that it invades is very real,
and exploration of further potential factors affecting prairie fen communities may yield

evidence of impacts on a variety of abiotic as well as biotic factors.

Management techniques and implications

A variety of management techniques have been tested for control of adult and
seedling F. alnus; some have proven more successful than others. Biological control of F.
alnus and Rhamnus cathartica has been investigated but candidate insects did not feed on

F. alnus. Finding and testing herbivores of F. alnus is a current priority (CABI
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bioscience, www.cabi.org). Oat rust (Puccina coronata) does infect F. alnus, but it is a
secondary host and P. coronata does not appear to cause F. alnus mortality (Peturson
1949). Cultural control methods of F. alnus in wetlands include excavation, mowing,
stump cutting, burning, and stem girdling (Converse 1984). Frangula alnus resprouts
vigorously after top kill or top removal, so that a single cutting results in thick regrowth
with more stems than the initial growth. Techniques for herbicide application, however,
have been extensively tested to maximize effective control (Converse 1984, Reinartz
1997, Pergams and Norton 2006).
Physical control techniques

Excavation may be useful for small plants and seedlings. With small plants, hand-
pulling or removal with a grubbing hoe may be successful. Larger F. alnus plants may be
pulled out using heavy equipment, but this method results in soil disturbance, not only
leaving an open area to be colonized, but also bringing seeds of F. alnus or other invasive
plants to the surface where they germinate readily (Converse 1984). Repeated mowing or
cutting reduces F. alnus plant vigor. Sinclair and Catling performed one cutting of F.
alnus in an invaded Ontario wetland and found greater native plant species cover and
diversity after one growing season in the cut area (Sinclair and Catling 1999). Mowing
may be a temporary way to increase native plant growth in areas where there aren’t
resources for herbicide. In addition, annual mowing has been used in European prairie
fens to decrease the effect of large nutrient inputs and maintain plant species richness
(Gusewell and Le Nedic 2004, Middleton et al. 2006b). Burning is another technique that
has been used with relatively low success in an attempt to control F. alnus. A burn in late

April or early May in the Midwest, when F. alnus has leafed out but native plant species
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have not, has potential to top kill it, eliminating the main growing point, and reduce
resprouting. Stem girdling involves destroying the surface of a 2-5 cm band to interrupt
cambium flow (Converse 1984). Although girdling doesn’t disrupt the soil or require
herbicide, Reinartz (1997) found that girdling alone did not cause F. alnus mortality in a
Midwestern wetland. This method is yet another that suppresses F. alnus growth but does
not effectively cause mortality.
Chemical control techniques

While physical control techniques may lead to suppression of buckthorn, physical
techniques combined with chemical control have proven extremely effective in killing F.
alnus adults. Herbicide may be applied to uncut stems (basal bark treatment), girdled
stems, cut stumps, frilled stems, or foliage, or injected into the trunk. Foliage spray of F.
alnus requires the largest volume of chemical, and has been carried out with fosamine
(ammonium salt) in September with high F. alnus mortality rates (Converse 1984). Stem
cutting or girdling plus herbicide application lead to high buckthorn mortality rates. The
most commonly used herbicides include glyphosate (Rodeo, among others), a non-
selective herbicide, and 2-4 D and triclopyr (Garlon and Pathfinder), which are specific to
broadleaf plants. Pergams and Norton (2006) performed a comparison of physical and
chemical control methods of R. cathartica (common buckthorn) and found that girdling
or cutting plus stump treatment with herbicide of one stem on the plant usually led to
death. Reinartz (1997) compared mortality rates of F. alnus using stem girdling and
cutting alone versus stem cutting plus glyphosate herbicide treatment. He found that
neither girdling or cutting alone led to plant mortality, while cutting plus treatment of

25% concentration glyphosate led to 92 — 100% mortality of individual plants. Herbicide
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safety in wetlands is of concern, as any surfactant used to increase herbicide penetration
into plants will also lead to ready herbicide spread in water. A formulation of glyphosate
that is safe for use in wetlands must be used to prevent water contamination. Glyphosate
should not be harmful to the surrounding watershed or non-target vegetation without a
surfactant, but will degrade more slowly in anaerobic conditions presented by most
prairie fen communities (Converse 1984).

Time of year also plays a role in control efficacy of F. alnus. Stump cutting plus
herbicide treatment of F. alnus is known to be highly effective at any time of year except
when sap is rising from March — May. In addition, invasive management in prairie fen
habitats in winter minimizes trampling to plant communities, making December —
February an ideal time to cut and stump treat F. alnus. While no references mention
disposal of woody material after it is cut, The Nature Conservancy in Michigan uses a
method that involves stacking material, allowing it to dry, and burning brush piles (R.
Zuniga-Villegas, pers. comm.). This reduces the area where the soil is heat sterilized,
which can decrease native plant re-establishment from the seed bank.

Long-term management

Even with herbicide treatment, some stumps resprout and followup treatment is
necessary to kill all buckthorn plants. In addition, the prolific production of F. alnus seed
leads to a large seed bank near adult plants. As seedling density is highest near adult F.
alnus plants, the target treatment area will be near previous adult populations (Converse
1984). Hand-pulling of seedlings is possible but time-consuming, and also has potential
to increase germination of additional F. alnus seeds due to disturbance. Use of a propane

flame torch in areas with little other plant growth in the first season after treatment of
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adults is an effective treatment method (R. Zunigo-Villegas, pers. comm). Although the
largest flush of seedlings will likely occur in the first year following clearing (Fr#ppier et
al. 2004), seedling management will need to continue for several years after adult F.
alnus management.

The establishment of F. alnus monocultures depends on disturbance (Godwin
1943). The reality of prairie fen systems, however, is that they are a community with
frequent anthropogenic disturbance and changes in water table. These factors mean that
continued management and scouting for F. alnus and other invasive species will be
necessary in many prairie fen systems. Although there are limited resources to control F.
alnus and other invasive plant species in natural habitats, the use of several techniques
will maximize the effectiveness of those efforts. First, the use of best practices to control
invasion will minimize time spent with control followup (Webster et al. 2006). For F.
alnus, this means cut stump treatment with herbicide rates and formulations that are
known to be effective. In addition, prioritizing control areas allows maximum use of
resources. Control directed at small satellite populations prevents satellite populations
from becoming new populations centers, reducing future control efforts (Webster et al.
2006). During the first and second year of F. alnus management, graminoid vegetation is
recovering, so that there is often little dry biomass. In subsequent years, fire can be
carried through prairie fen systems and prescribed burns every 2-5 growing seasons are a
key long-term element of fen management to prevent further invasion of non-natives and

maintain plant species diversity and richness.
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Conservation of biodiversity and ecosystem function

As human impacts on the biosphere expand, conservation of natural habitats is
increasingly vital for the persistence of biodiversity on Earth. The perception of
conservation is changing, as well, as we recognize that merely preserving land does not
ensure the continued persistence of plant and animal communities and active
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