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Pennsylvania spans across five physiographic 

provinces, glaciated and unglaciated, with 

two coasts and many mountains in 

between, and so it is no surprise that this 

state hosts a quite rich flora and fauna. For 

example, sedges and their relatives in the 

family Cyperaceae are often touted as one 

of our more famous òbig groupsó plant 

diversity-wise, with over 100 species 

known from Pennsylvania in the genus 

Carex alone.  
 

Ferns, a broad and ancient group of spore-

producing, vascular land plants spanning 

over 300 million years into the fossil 

recordñwhile not as large as some 

flowering plant groupsñare yet another 

facet of Pennsylvaniaõs biodiversity that 

offers unique insights into our stateõs 

history through time.  
 

There are around 80 fern species known 

from Pennsylvania, representing 18 

families. Among these, certain genera may 

form naturally-occurring hybrids, resulting 

in an even larger count when considered. 

Currently, PNHP tracks 20 fern species, 

many of which represent remarkable 

examples of unique biology, evolutionary 

history, and climate resiliency over recent 

geologic time.  
 

When imagining a typical place where 

ferns grow, one might imagine a dark, rich, 

moist forest filled with wildflowers and 

other herbs. While many ferns do enjoy 

this habitat, some species have developed 

adaptations and resiliency that allow them 

to grow in very unique and sometimes 

harsh conditions. Others cling to stable, 

climate-buffered areas in unusual locations, 

a testament to their rise and fall with a 

changing climate and ecosystem since the 

last Ice Age 11,000 years ago.  

Pennsylvaniaõs Rarest Ferns: A Case Study in Climate Resiliency 

by 

Noah Yawn, Ecologist  
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The globally rare Laurentian 

bladder fern (Cystopteris 

laurentiana) in its calcareous 

rock habitat. 
 

  Noah Yawn 

                          

A rich cove forest, common to the Laurel Highlands 

region, provides habitat for many ferns and wildflower 

species.  
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PNHP List of  Tracked and Watchlist Fern Species in Pennsylvania  

Scientific Name Common Name Proposed State Status* 

Asplenium bradleyi Bradley's Spleenwort PE 

Asplenium pinnatifidum Lobed Spleenwort PR 

Asplenium resiliens Black-stemmed Spleenwort PE 

Cryptogramma stelleri Slender Rock-brake PE 

Cystopteris laurentiana Laurentian Fragile Fern PE 

Cystopteris tennesseensis Tennessee Fragile Fern PE 

Dryopteris campyloptera Mountain Wood Fern PE 

Dryopteris celsa Log Fern PE 

Dryopteris clintoniana Clinton's Wood Fern PT 

Dryopteris filix-mas ssp. brittonii Male Fern PE 

Equisetum scirpoides Dwarf Scouring-rush PE 

Equisetum variegatum Variegated Horsetail PE 

Equisetum x ferrissii Hybrid Scouring-rush PE 

Gymnocarpium appalachianum Appalachian Oak Fern PE 

Lygodium palmatum Climbing Fern PR 

Ophioglossum engelmannii Limestone Adder's-tongue PE 

Ophioglossum pusillum Northern Adder's-tongue PE 

Polystichum braunii Braun's Holly Fern PE 

Woodsia ilvensis Rusty Woodsia watchlist 

Vittaria appalachiana Appalachian Shoestring Fern PT 

*PR ð Pennsylvania Rare, PT ð Pennsylvania Threatened, PE ð Pennsylvania Endangered 
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Perhaps the best example of species resiliency in 

climate-buffered habitats is one of the stateõs smallest 

ferns, the enigmatic Appalachian shoestring fern (Vittaria 

appalachiana), a diminutive species in the brake fern 

family. At first glance, this species may be confused as 

being a moss or liverwort, which often grow near it in its 

preferred shaded acidic rock shelter habitat.  

Similar to bryophytes, ferns and their distant relatives, 

the lycophytes, experience the separation of 

generations , a term used to describe their overall life 

history cycle. A sporophyte , or the adult generation, 

produces spores that give rise to gametophytes , or 

the reproductive generation, which in turn experience 

sexual fertilization to produce an adult sporophyte, 

continuing the cycle. The Appalachian shoestring fern 

represents a species that has, for unknown reasons, 

recently (but before the last Ice Age) lost its ability to 

complete sexual reproduction, and instead, exists 

entirely in the moss-like gametophyte stage. This 

species reaches its northernmost extent in unglaciated 

Pennsylvania and adjacent New York, where it grows in 

colonies in deep recesses of acidic rock shelters, most 

often of sandstone. These clonal gametophytes are 

readily identified by their overall greasy-green 

appearance, as well as being only a single cell thick, 

similar to other, solitary fern gametophytes. The shoestring 

ferns, Vittaria, reach their greatest abundance in the 

tropics, and so V. appalachiana represents a remarkable 

species of interest given its tropical lineage, strange life 

history, and distribution. PNHP botanists are actively 

seeking out and documenting occurrences of this 

species to better understand its distribution and rarity 

in Pennsylvania.  

 

Other groups, such as the wood ferns, Dryopteris, or 

the spleenworts, Asplenium, are notable in their ability 

to form naturally-occurring hybrids between species. 

Hybridization between species isnõt unique to ferns, but 

unlike other groups of vascular plants, it is central to 

fern evolution and diversification over time. The wood 

ferns and spleenworts for example, are famous in that 

the relationships between their many species and 

hybrids are jokingly referred to as something similar to 

a tangled, messy web instead of a simple, branching 

tree. These òmessyó relationships, occurring through 

hybridization, are a major driver of fern diversity; an 

estimated 30% of extant fern species globally have 

originated through hybridization! In between exploring 

acidic bedrock rock shelter systems for the Appalachian 

shoestring fern, often with headlights and hand lenses at 

the ready, one might stumble upon some of these 

hybrid species, such as Bradleyõs spleenwort (Asplenium 

bradleyi) and lobed spleenwort (Asplenium pinnatifidum). 

Both of these spleenworts originated from ancestral 

hybridization events between widespread species, and 

Appalachian shoestring fern (Vittaria appalachiana) gametophyte 

colonies from Butler County, PA  
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Bradleyõs spleenwort (Asplenium bradleyi) resulted from the 

ancestral hybridization of mountain spleenwort (A. montanum) 

and ebony spleenwort (A. platyneuron).  

Lobed spleenwort (Asplenium pinnatifidum) resulted from the 

ancestral hybridization of mountain spleenwort (A. montanum) 

and walking fern (A. rhizophyllum).  
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have since become widespread across the eastern U.S. 

They are often found on steep cliff faces, sometimes 

with other rare or interesting species, and are tracked 

by PNHP given their special habitat requirements and 

relative rarity in the state.  

In contrast to some of the relictual, tropical species 

found in Pennsylvania and much of the eastern U.S., our 

state hosts remarkable northern disjunct species as 

wellña testament to the stateõs diverse landforms, 

abundance of microhabitats, and geologic and climatic 

history. Slender rock-brake (Cryptogramma stelleri) 

reaches its near southern range extent in Pennsylvania, 

where it grows in rock overhangs of neutral to slightly 

calcareous geology, often in deep, humid recesses and 

shaded from direct sunlight. These òrock houses,ó 

similar to cold air traps, create climatically-insulated 

microhabitats that have buffered temperatures and 

moisture levels, keeping 

their floral and faunal 

occupants (such as various 

salamanders) cooler in the 

warmer months. Similarly, 

Braunõs holly fern 

(Polystichum braunii) 

reaches its near-

southernmost limit in the 

northeastern part of the 

state. Unlike its 

widespread relative, 

Christmas fern 

(Polystichum acrostichoides), 

Braunõs holly fern 

produces scaly, lacy 

fronds that are visually 

similar to wood ferns, 

instead of simple, once-

pinnate fronds. This circumboreal species, known from 

North America and parts of Eurasia, is found only in the 

deep, insular gorges of this part of the state, similar in 

habitat to some of our other boreal refugia species like 

the rare clasping twisted stalk (Streptopus amplexifolius).  

Pennsylvaniaõs rarest ferns are interesting case studies 

in both their evolutionary history, as well as unique 

conservation challenges. The globally-rare Appalachian 

oak fern (Gymnocarpium appalachianum), a species 

endemic to higher elevations of the central 

Appalachians, grows in scattered locations throughout 

its range, where it is found in similar temperature-

moderated habitats, such as cold air traps and scree 

slope bases in deeper ravines. The Appalachian oak 

fern, given its sensitive and unique habitat preference, 

faces challenges in the coming decades with climate 

change, as its preferred habitat is predicted to slowly 

shift north. PNHP staff are actively working with 

university partners to better document and understand 

Braunõs holly fern (right) occupies 

deep, shaded gorges in Pennsylvania, 

similar to other northerly, refugial 

species. Shown here compared to 

Christmas fern (left).  

Slender rock-brake (Cryptogramma stelleri) is a rare species that 

grows in neutral to calcareous rock shelters in Pennsylvania.  
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Appalachian oak fern (Gymnocarpium appalachianum) is a rare 

central Appalachian endemic fern species.  
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Clasping twisted stalk (Streptopus amplexifolius) is a rare species known only 

from climate-buffered, seepy rock outcrops and waterfall spray zones in 

northeastern Pennsylvania.  
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occurrences of Appalachian oak fern in Pennsylvania to 

begin discussion on conservation approaches for this 

species. When visiting these cold air trap habitats, 

particularly on a hot summer day, staff are always sure 

to appreciate the brief respite of summer heat by taking 

a lunch break in natureõs own air conditioning.  

The Laurentian bladder fern (Cystopteris laurentiana), 

similar to species in larger species complexes like the 

spleenworts, is a globally-rare fern that formed from 

multiple hybridization events. Certain ferns offer a 

unique opportunity to take glimpses into the past, 

especially when considering extinction through time. 

Through careful genetic analysis, scientists have 

theorized that the Laurentian bladder fern, as well as 

one of its parents, the fragile fern (Cystopteris fragilis), 

may have formed through hybridization of a now-

extinct species. While this relative no longer grows on 

the planet, its direct lineage still survives within some of 

our rarest fern species. Laurentian bladder fern occurs 

in scattered locations throughout the Great Lakes 

region and is currently known from fewer than three 

locations in the state. This calciphilic species relies on 

shaded, humid, exposed outcrops of calcareous rock, a 

rare habitat in Pennsylvania. PNHP staff recently 

completed spore measurements to confirm this speciesõ 

occurrence at a site in Centre County and plan to 

further investigate other sites. 

 

We hope to continue to work on and highlight 

Pennsylvaniaõs rarest fern species as yet another 

component of our stateõs biodiversity and conservation 

goals. Ferns are a fascinating group of organisms that 

are remarkably resilient, and, in some instances, offer 

quite a unique testament to climate, adaptability, and a 

glimpse into the recent geologic past.  
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Laurentian bladder fern (Cystopteris laurentiana) is a globally rare 

species known from scattered locations in the Great Lakes and 

northeast region.  
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In Moshannon Creek, the river rocks are coated in 

orange ferrous oxide precipitate, an indicator of 

pollution from mining. A tributary to the West Branch 

Susquehanna River, the creek is one of many in the 

region with a legacy of pollution from abandoned mines 

that closed in the mid-20th century. The water pollution 

began in the early 1800s during the earliest mining for 

coal and clay in the West Branch Susquehanna River 

watershed. Coal mining production peaked in 1918, 

when 276.7 million short tons were mined. Regulation 

lagged behind coal production, but by the 1970s state 

and federal laws regulated water discharges from the 

operations. The mines, which ceased operations before 

clean water regulations were in effect,  were not 

required to curb pollution and are the source for the 

effluent pouring into the creeks. The result was 

widespread pollution in the region; as of 2008, there 

were 1,205 miles designated as impaired by mine 

drainage in the West Branch Susquehanna River 

watershed. 

The acidic and metal-laden effluents caused severe 

declines in the aquatic life in the West Branch 

Susquehanna River. Surveys of the river in Clinton and 

Clearfield counties by Pennsylvania Fish and Boat 

Commission (PFBC) in the 1930s found that fish could 

not survive. Benthic macroinvertebrate communities 

were depressed in a nearly 200 mile stretch of the 

West Branch Susquehanna River as recently as the 

1990s and the river did not meet the designated water 

quality standards for alkalinity, iron, or aluminum in 

reaches from its headwaters to the confluence with 

Pine Creek at Jersey Shore, Lycoming County. 

 

As a result of the 

degraded conditions, 

freshwater mussels 

were eliminated in 

much of the West 

Branch Susquehanna 

River watershed. 

PNHPõs 2011 study of 

freshwater mussels in 

the watershed found 

that they were notably 

absent in streams with 

historic mine drainage. 

In the river, no live 

freshwater mussels 

were found from the 

headwaters of the 

river to an area 

downstream of Lock 

Haven. However, in the lower reaches of the West 

Branch Susquehanna River near the confluence with the 

mainstem Susquehanna River, mussel richness rebounds 

and several species, classified as Species of Greatest 

Conservation Need (SCGN) in the 2015-2025 

Pennsylvania Wildlife Action Plan, occur here. The 

water quality of the river improves in this reach; the 

mine drainage from upstream sources is diluted by 

inputs from tributaries with little or no mining, such as 

Bald Eagle Creek and Pine Creek.  

 

In the recent decades, a concerted effort to remediate 

mine drainage has improved the water quality in the 

West Branch Susquehanna River. Acidity and metals, 

like iron, manganese, and aluminum, are removed by 

treatment systems. Decreasing contaminant loads from 

tributaries, like Bennett Branch Sinnemahoning Creek, 

Kettle Creek, Tangascootack Creek, and Clearfield 

Creek, is cleaning up the waters in the West Branch 

Susquehanna River. Increasing pH and macroinvertebrate 

index scores documented by monitoring efforts are 

indications of improved water quality in the watershed. 

 

Bringing Life Back to the West Branch Susquehanna River:  

A Restoration of Freshwater Mussel Populations  

      by      

Mary Walsh, Invertebrate Zoology Manager  

Ferrous oxide precipitate armors the substrate in Moshannon Creek.  
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