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A fifth century farmer awakens one 

morning in the East Anglia region of 

modern-day England, looks out over an 

expanse of grassy wetland, and tells their 

family òweõre moving the cows to the fen 

todayó or perhaps, òweõre cutting hay off 

the fen today.ó They would have been 

speaking Old English, so most of the 

words would have been quite different, 

but the word òfenó would have been the 

same. It has been in continuous usage for 

over 1500 years. What did the farmers see 

when they looked at this wetland? Did 

they perceive the remarkable number of 

different kinds of plants inhabiting the fen? 

Did they notice that small white flowers 

with delicate green veins tracing the petals 

thrived in the wake of the cattle grazing, 

and did they have a name or a use for 

them? Maybe they called the water òsweet,ó 

or had some other colloquial term to 

describe its mineral-richness and the effect 

the water had on the hay they grew there. 

Did the word òfenó mean any or all these 

things, to our fifth century residents? 

 

Today ecologists define fens as wetlands 

where water flow is nearly continuous 

throughout the year, sourced primarily 

from groundwater rather than surface 

runoff, flooding, or rainfall. Although 

historically there has been a strong 

association of the term òfenó with high pH 

wetlands, today fens are often defined by 

water source then further qualified based 

on their pH. When the groundwater flows 

through calcium-rich materials before 

reaching the wetland, it creates a high pH, 

mineral-rich environment termed a òrich 

fen.ó If the groundwater flows through 

acidic materials, the wetland has a low pH 

and is termed a òpoor fen.ó  
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Groundwater surfaces continuously in fens, 

providing relatively stable hydrological conditions. 
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From a botanical 

perspective, rich fens 

are some of the most 

species-dense 

ecosystems on the 

planet. Measured at 

small scales, like plant 

species per square 

meter or per 100 

square meters, they 

are more diverse than 

tropical rainforests. 

They owe their 

diversity to a combination 

of hospitable but not-

too-hospitable 

conditions. In 

herbaceous stages, 

light is abundant, 

which always brings 

out a crowd of early-successional light lovers usually 

not found in shaded environments. Groundwater flow 

means water is continuously available, and there are 

usually a variety of microhabitats with slightly different 

hydrological regimes, allowing plants with different 

water needs to find their niche. In rich fens, calcium is 

often abundant, which chemically binds other necessary 

but limiting nutrients like nitrogen and phosphorus. This 

allows a group of specialist plants with adaptations for 

gleaning these nutrients at high pH to hold their own 

while preventing highly competitive generalists of larger 

stature, like broad-leaf cattail (Typha latifolia), from 

outcompeting everything else.  

The agricultural practices of our fifth century farmers 

helped to maintain the fen in its most diverse form by 

removing nutrients in the form of plant biomass, and by 

maintaining the herbaceous character of the wetland 

rather than allowing woody plants to overtake it. These 

practices continued in much of Europe up until the last 

century, when modern mechanized agriculture caused 

either the overexploitation or the abandonment of 

these peculiar wet hayfields. Many were drained, 

fertilizers were applied, and grazing either increased or 

ceased entirely. As a result, fens lost their characteristic 

diversity; vegetation shifts occurred where highly 

competitive generalists like common reed (Phragmites 

australis) established and outcompeted the smaller-

stature fen species. Conservation practitioners realized 

that the management regimes of the past needed to be 

reinstated or mimicked, and now whole handbooks for 

assessment and restoration of fens have been written 

detailing how to address nutrient enrichment, 

hydrological alteration, and vegetation management.  

 

Fens also occur in North America, and likely have a 

somewhat similar history, although our lens on it is 

complicated by our colonial past. There appears to be 

very little information in ecological literature on how or 

if Native Americans managed fens. However, there is 

abundant documentation that Native peoples used fire 

and other management techniques more generally on a 

broad scale; it is likely fens were affected by these 

burns. As Europeans colonized North America, many 

fens in our region experienced similar light agricultural 

use. Did European farmers recognize these landscapes 

from their experience at home and integrate them into 

their husbandry with the same techniques? Perhaps they 

even noted those same delicate green-veined white 
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A close-up showing the diversity of 

plants that can be found in fens: the 

bright red shoots of a fen-specialist 

willow (Salix myricoides), slender 

strands of sedge (Carex interior), marsh 

fern (Thelypteris palustris), skunk 

cabbage (Symplocarpus foetidus), and 

golden ragwort all crowded together.  

Rich fens host a tremendous diversity of wetland plants because they 

offer a wide variety of microhabitats. Very slight elevations play a role 

in supporting this diversity. Light loving high-pH specialists may be 

found at the edge of seepage channels, while acid-loving species like 

sundew (Drosera rotundifolia) can establish on the tops of sphagnum 

hummocks, above the influence of the calcareous groundwater. 

 

The invasive species common reed (Phragmites australis) has 

established in this fen, and without control efforts, the low-growing 

fen community will be overtopped and outcompeted.  
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flowers, although the eastern North American plants 

are a different species of the same genus, grass of 

Parnassus (Parnassia glauca).  

 

In the last century, a similar pattern of degradation and 

more recent neglect has occurred in North American 

fens as well. Today there is a growing understanding 

that many fens need active management to continue to 

support the full range of native diversity they are 

capable of hosting. However, the relative importance of 

fire and techniques mimicking light agriculture is an 

open question, as our systems may have experienced 

both in their histories of human management.  

 

In Pennsylvania, our fens occur primarily in the glaciated 

regions of the state, where groundwater flows through 

glacial till materials. Zones of groundwater seepage can 

be very extensive in glaciated regions, and fens should 

be viewed as part of a complex of related communities 

that include phases in various successional stages: 

herbaceous, shrubland, woodland, and palustrine 

forests. In northwestern Pennsylvania calcareous 

groundwater is abundant and rich fen communities are 

common. PNHP ecological studies have identified a set 

of rich fen plant community types that occur specifically 

in this region. Rich fens also exist in the calcareous 

valleys of central and eastern Pennsylvania where 

ground water flows through layers of limestone. Most 

fens in Pennsylvania have some degree of peat 

accumulation. In both rich and poor fens, the open 

herbaceous successional phase is usually the most 

diverse. How was this open condition maintained 

historically, when without disturbance most of our 

landscape tends towards forest? Did blowdowns, 

beaver, or other disturbances create temporary 

openings? Did fire management by Native Americans 

Grass of Parnassus (Parnassia glauca), a specialist of open rich fens 
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Successional Stages of Fens 
 

Community types have been described for Pennsylvaniaõs 

fens that align with stages ranging from open herbaceous, 

short shrub, tall shrub, to woodland and forest.  

 

 

Sedge ð Mixed Forb 

Fens are broad, flat 

expanses with a 

diverse mix of 

sedges, grasses, 

and other herbs, 

often over very 

deep peat.  

Short Shrub - Mixed 

Forb Calcareous 

Slope Fens often 

occur over small 

seepages and have 

a varied substrate of 

gravel, open water, 

and peat hummocks. 

Herbs are intermixed 

with shrubs of low 

stature.   

The Alder-leaved 

Buckthorn ð Inland 

Sedge ð Golden 

Ragwort Shrub Fen 

has taller shrubs 

mixed with herbs, 

sedges, and 

grasses.  

In this rich fen 

woodland, white 

pine (Pinus strobus), 

larch (Larix laricina), 

and poison sumac 

(Toxicodendron 

vernix) co-occur with 

black ash (Fraxinus 

nigra).   
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affect these systems? Did large herbivores like elk and 

eastern bison play a role in keeping fens open? If open 

fens were not stable, but progressed through 

successional cycles to some extent, did herbaceous 

species regrow primarily from seed banks, or were they 

dispersed by waterfowl or large herbivores from nearby 

populations? 

 

Most of Pennsylvaniaõs 

fens are adjacent to areas 

that are farmed, or were 

previously farmed. In 

cases where farming has 

ceased, there has been 

increased colonization by 

woody species. This 

transformation may 

eventually crowd out 

herbaceous fen diversity. 

Even without a complete 

historical picture, it seems 

clear that we need to 

explore active 

management to maintain 

herbaceous openings. However, it is also possible that 

in some places high flow of groundwater seepage 

naturally prevents shrub and tree establishment at a 

very small scale; management to prevent woody growth 

may not be necessary in these cases.  

 

Fens are not obvious and relatable ecological features 

like rock outcroppings or old-growth forests. They can be 

thick and hard to move through, they donõt have the 

dramatic boreal 

beauty of bogs, and 

while there are a 

few stand-outs like 

the showy ladyõs 

slipper (Cypripedium 

reginae) or grass of 

Parnassus, many of 

the species are not 

showy, but rather 

grass-like and 

inconspicuous. 

Despite the lack of 

flair, fens are very 

much worth getting 

to know, as there 

are few other 

ecosystems in our 

state that host as 

many plant species, and as many habitat specialists. 

There are almost 50 vascular plants that use fens as an 

important habitat. Thirty-eight of them are legally listed 

as Pennsylvania Endangered, Threatened, or Rare, while 

five more are on the Pennsylvania Watch List.  

 

Fens are also important habitats for animals. They are 

one of the primary habitats of the federally threatened 

bog turtle in eastern Pennsylvania. Fens can be habitat 

for a long list of dragonflies and damselflies, as well as 

butterflies and moths, although many also use other 

kinds of wetlands. Sedges are a strong component of 

fen vegetation, and six uncommon butterflies in 

Pennsylvania have caterpillars that feed on wetland 

sedges: two-spotted skipper (Euphyes bimacula), black 

dash (Euphyes conspicua), Dion skipper (Eupyes dion), eyed 

brown (Lethe eurydice), mulberry wing (Poanes massasoit), 

and broad-winged skipper (Poanes viator viator). 

 

Today in Pennsylvania, as in Europe, many of the stateõs 

fen landscapes have already been lost to hydrological 

conversion for farming and other uses. Our remaining 

fens face an unprecedented combination of threats: 

hydrological alteration, nutrient enrichment, invasion by 

non-native species, woody plant succession, loss of 

diversity from chronic overbrowsing by whitetail deer, 

and climate change. Furthermore, because fens are less 

common on the landscape than they once were, local 

metapopulations have almost certainly declined for 

individual plant species, resulting in genetic loss and 

reduced ability to reestablish at new sites.  

 

We can look to the work already done in Europe for 

potential solutions to some of these problems, 

particularly restoring hydrology, nutrient management, 

active vegetation management techniques, and 

restoration of desirable species. One of the most 

threatening invasive species to our fens, common reed,   
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The graceful drooping spikes of Mitchell's 

sedge (Carex mitchelliana), found in a 

calcareous seepage woodland.  

Eyed brown butterfly (Lethe eurydice) 
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Light grazing keeps shrubs and 

trees from overtopping this 

sedge ð mixed forb fen. 



 Wild Heritage News                    5 

is a shared problem on both sides of the pond as it is 

introduced from Europe. Conservation practitioners in 

midwestern states where fens are more common on 

the landscape, also have a longer history of management 

experience. However, we also need assessment of our 

local ecosystems and their history, and careful trials to 

determine what management techniques work best in 

local contexts.  

PNHP has studied fens through several lenses over the 

years. Because fens often host clusters of rare plants, 

they have been a focus for botanical documentation for 

over forty years. Much of our early data in 

northwestern Pennsylvania was contributed by Jim 

Bissell of the Cleveland Museum. Of the òtop tieró of 

highly diverse botanical sites identified in our recent 

botany planning efforts, 23 of 136 total sites in the state 

include fen habitat. The only other kind of habitat 

represented so heavily in the top tier of botanical sites 

is bog habitats. While bogs and fens are similar in that 

they both occupy pH extremes and have clusters of 

state-rare plants, bogs tend to contain primarily low-pH 

specialists and to be species-poor overall, while fens 

host high-pH specialists in addition to a wide variety of 

wetland species, and are exceptionally diverse. As we 

review our top tier of sites, we are focusing on how 

our fens have changed over time since the earliest data 

collected by the program, and on gathering the 

information needed to support science-based 

management for their conservation. We are also 

working to build partnerships to implement much 

needed stewardship and active management at fen sites. 

 

PNHP has also explored plant community composition 

and environmental characteristics of fens through 

several studies. In 1994, PNHP did vegetation plots and 

hydrological studies at fen sites across the state. From 

2016-2018, we revisited many of these sites and added 

plot data for additional sites through an investigation of 

peatlands in Pennsylvania. This study refined the 

definitions of the plant community types associated with 

fens. Several fen sites have been also been included in 

our peatland wetlands monitoring project, which is 

designed to detect changes that may be occurring due 

to climate change.  

 

Fens are tremendous reservoirs of plant and animal 

diversity, but they also face significant challenges; they 

need stewardship to reduce the impacts of deer browse 

and invasive species, they need adaptive active 

management to maintain high-diversity openings, and 

fairly technical assessments of nutrient loading and 

hydrology. We are building capacity to meet these 

challenges through collaborative efforts involving PNHP, 

the Pennsylvania Game Commission (PGC), and the PA 

Plant Conservation Network (PPCN).  Some current 

initiatives in northwestern Pennsylvania to evaluate and 

treat invasive species on State Game Land will serve as 

a pilot to demonstrate what can be done to maintain 

these unique communities with relatively small amounts 

of effort and time (see following article). 

 

Humans have been intimate partners in the 

maintenance of these highly diverse ecosystems for 

millennia. However, in the last century shifts in farming 

practices coupled with shifts away from rural living have 

resulted in knowledge of them vanishing from our 

collective consciousness. As they approach the edge of 

viability, we are now rediscovering them. If fens are to 

persist into the future despite the many challenges they 

face today, we will again have to play an active role, this 

time as conservation stewards. Hopefully stewardship 

and active management, drawing on lessons from 

ecological history and a growing body of knowledge 

around restoration practices, can preserve these 

botanical treasures so that future generations can also 

get to know them. 

 

About the Author  
 

Jessica McPherson is a botanist 

with a strong interest in plant 

ecology. She has a particular 

interest in the role of pH and 

geology in plant ecology.  
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This fen is in a later-successional stage, with dense shrub and tree 

growth, and may need management to allow species that require 

high light conditions, such as the showy ladyõs slipper, to persist.  
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The ground was saturated and spongy as we walked 

into the dense stand of common reed (Phragmites 

australis). It had all the feel of a hidden weekend party. 

Papers, disposable cups, and 5-gallon buckets littered 

the ground. Flagging hung from vegetation at all levels in 

various colors. However, in this case the cause was not 

a party, but a collaborative, well-planned assault on 

invasive species. 

 

Past glaciation has awarded northwestern Pennsylvania 

the distinction of having the highest ecological value fen 

habitats in the state. What sets fens apart from other 

wetlands is they are fed by ground water rather than 

surface water or runoff. These water sources often 

encounter glacial deposits rich in mineral nutrients.  

 

Fens support the 

highest floral 

diversity of all 

wetlands and 

support many rare 

and uncommon 

plant, mammal, 

reptile, land snail, 

butterfly, skipper, 

and dragonfly 

species. In 

Pennsylvania, ten of 

the top fifteen 

priority ranked fens 

for biodiversity 

occur on State 

Game Lands (SGLõs).  

 

Directly in support of the Pennsylvania Game 

Commissionõs (PGCõs) mission and challenges, and 

acting as a good steward, the northwest region of the 

PGC initiated an active role in managing these critical 

and unique habitats. Like many other habitats in 

Pennsylvania, one of the largest threats to fens are 

invasive species. Considering the rarity of plants 

supported by fens, many factors must be considered 

when working within these sites. 

 

The following is an example of collaborative efforts 

between Pennsylvania Natural Heritage Program 

partners - the PGC and the Western Pennsylvania 

Conservancy (WPC) to restore one such site, hereafter 

referred to as òthe fenó to safeguard sensitive 

information. 

 

At less than 0.5 acres, the fen boasts exceptional 

populations of five plant species of conservation 

concern. The fen was typically free of non-native 

species, other than the usual invasive shrub species 

(Asian honeysuckle, multiflora rose, and glossy 

buckthorn) which are found around its periphery. In 

2016, common reed was found invading the fen. PGC 

land managers Shayne Hoachlander, Dustin Stoner, Rich 

Cramer, and WPC ecologist Christopher Tracey took 

quick action by hand-applying glyphosate to the invading 

plants in late September of 2016. Follow up monitoring 

did not take place until August of 2019, when 

Hoachlander (now retired), led PGC wildlife biologist 

Tim Hoppe to the fen and discovered dense common 

reed now covered nearly two-thirds of the site. 

Fortunately, many of the rare plant species were still 

holding on beneath the canopy of common reed. 

However, it was apparent that a concerted effort would 

be needed to restore the fen and ensure these species 

of concern remained. 

  

In late spring of 2020, Hoppe reached out to WPC 

PNHP staff to collaborate on a management approach 

for the fen. Hoppe, Tracey, Jessica McPherson (WPC 

botanist), Hoachlander, and George Miller (current 

PGC land manager), met on-site in July to more closely 

examine the fen and begin planning efforts. 

 

Restoring Fensõ Rare Plant Populations on State Game Land  

by 

Tim Hoppe  
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A canopy of invasive common reed shades rare plant species. 
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Showy ladyõs slipper orchid (Cypripedium 

reginae), a species of rich fens that is 

threatened by deer browse and shading. 
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In a general sense, the treatment of invasive species is 

straightforward. The site and degree of colonization will 

dictate whether you can completely eradicate the 

targeted invasive or just keep it at a manageable level. In 

either case, you must assume there will be collateral 

damage to non-target plants when using herbicides. 

Because the fen supports so many rare plants, every 

precaution needed to be considered. 

Upon examination the fen was divided into two areas 

based on the degree of common reed colonization and 

assemblage of rare plants. Visually, the areas of highest 

rare plant diversity correlated to the lowest common 

reed density. We concluded that the highest density 

areas would be treated mechanically, and the lowest 

areas would receive hand application.  

 

As a baseline to 

measure the 

success of 

management 

activities, WPC 

ecologists set up a 

vegetation 

monitoring plot. 

Prior to treatment, 

application areas 

were flagged. 

Individual rare plant 

locations were 

identified by single 

pink flagging located 

above the plants, 

and especially 

herbicide-sensitive species were also protected with 5-

gallon buckets and paper cups.  

Mechanical treatment was achieved by utilizing an eight 

wheeled amphibious utility vehicle (ARGO) operated by 

PGC biologist Hoppe. Habitat management crew 

member Corry Clabbatz applied herbicide from atop a 

platform/cage mounted on the ARGO roof; this 

elevated perch provided an ideal vantage point to assess 

herbicide overlap and vegetation coverage. The goal 

was to apply a uniform coverage to the common reed 

but prevent runoff to non-target species. We limited 

disturbance to the substrate and hummocks by driving 

the ARGO to the edge of the area, then applying 

herbicide as the unit reversed. The eight large tires on 

the ARGO spread the weight of the vehicle over a 

larger area, thereby reducing compaction and peat 

disturbance. We applied herbicide in 20-foot wide 

bands until the entire unit was treated.  

The site was mapped using GPS to note the treatment area and 

rare species, and to plan access for the ARGO and staff.  
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These paper cups protect rare plant species 

from incidental herbicide application.  

A roof mounted cage on the ARGO allowed herbicide to be sprayed 

from above to get good coverage on the actively growing areas of 

common reed.  

To gauge the amount of herbicide reaching the understory plant 

zone from the ARGO, sheets of heavy white paper were randomly 

placed on the ground. This allowed us to see individual droplets of 

herbicide. 
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All hands-on deck! PNHP staff and PGC habitat 

managers and foresters then suited up with gloves and 

Tyvek suits to apply herbicide by hand. Application was 

achieved by dipping a cotton glove, placed overtop a 

chemical resistant glove, into a bucket of mixed 

herbicide. Care was taken to prevent excess dripping to 

non-target plants.  

 

Common reed stems 

were wiped individually, 

covering at least 50% of 

the foliage, focusing on 

the top half of the plant. 

Applicators began at 

the inner edge of the 

treatment area and 

applied herbicide as 

they backed out to 

reduce entering areas 

already treated. The 

site was monitored two 

weeks following 

treatment to gauge 

impact to common 

reed. Additional 

assessment will take place in the growing season of 

2021 to begin planning measures for follow up 

treatment.  

 

The treatment of this site hinged on collaborative 

efforts, dedicated staff, and a well thought out plan.  

The coming weeks and years will reveal if the objectives 

were met. Regardless, this experience will provide a 

foundation for an even better plan moving forward.  

 

 

About the Author  
 

Tim Hoppe joined the 

Pennsylvania Game 

Commission in 2000 and 

currently serves as a regional 

biologist. His work primarily 

focuses on supporting 

statewide wildlife surveys and 

research initiatives. Tim has a 

strong interest in habitat 

management and seeks 

innovative ways to address 

issues. He received an AS in 

Wildlife Technology from 

Penn State, Dubois and a BA in Natural Science, 

Mathematics and Wildlife from Edinboro University.  

The crew works to apply herbicide to common reed throughout the 

fen.  
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Herbicide was applied by hand in the 

less invaded sections of the fen to 

prevent spraying native species.    
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