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For several years, PNHP has been writing 

recovery plans for our globally endangered 

plant species. These plans address the 

status of a species remaining populations, 

threats and conservation needs, and data 

gaps that are impeding progress. These 

detailed assessments have facilitated 

focused, science-informed conservation 

work for these species coordinated by 

DCNRõs Pennsylvania Plant Conservation 

Alliance. Over the last two years we 

expanded this approach in a new direction: 

a habitat recovery plan.  

 

The Calcareous Barrens Habitat Recovery 

Plan catalogues sites across the state that 

host this unique ecosystem, describes 

regional subtypes, identifies reference 

sites, and provides conservation 

recommendations focused on habitat 

characteristics and indicator species.  

 

Why use habitat as a focus for conservation? 

Plant diversity is closely dependent on 

environmental characteristics such as light 

availability, soil pH, wetland hydrology, 

slope, and aspect. Different habitats have 

suites of specialist plant species associated 

with them. For example, bogs host species 

adapted to low nutrients, extremely low 

pH, and wet conditions; these include 

cranberries, sundews, pitcher plants, and 

sphagnum mosses. Shale barrens host 

species adapted to extremely dry, open 

conditions and rocky substrate, such as 

prickly pear and Kateõs mountain clover. If 

we focus conservation efforts on plant 

habitats, we protect the entire set of 

species that depend on the habitat.  

 

At DCNRõs request, our first habitat 

recovery plan focused on calcareous 

barrens. We were prepared for the 

òcalcareousó part after our previous work, 

Bringing a Habitat Focus to Plant Conservation  
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Calcareous woodland habitat 

with shooting star (Primula 

media) and a diverse assemblage 

of other calciphile species  
 

  Claire Ciafré 

                          

The steep, dry slopes of shale barrens host many habitat 

specialist plants.  
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Conservation Assessment of Calcareous Ecosystems in 

Pennsylvania. Calcareous geology is one of four primary 

drivers of biodiversity identified in the Nature 

Conservancyõs òConserving the Stageó approach to 

protecting diversity even as our climate changes. If the 

primary physical habitat conditions of various 

ecosystems are preserved,  species will theoretically be 

able to find new homes even if they are forced to 

migrate. In Pennsylvania, most calcareous geology is 

limestone geology; we use the term calcareous to also 

include lime-rich shales, sandstones, and other rocks 

that have abundant amounts of calcium.  

 

In our previous study we assessed the pH preferences 

of our entire vascular plant flora, and found that one 

third of Pennsylvaniaõs extant vascular flora utilizes 

calcareous habitat, and 10% (197 taxa) are calcareous 

habitat specialists that depend mainly or exclusively on 

high-pH habitat. Furthermore, the majority of these 

calcareous habitat specialists (57%) are rare in the state. 

Although they are only 10% of the flora as a whole, 

calcareous taxa make up 23% of the rare vascular plant 

taxa in the state. Calcareous sites not only host many 

specialist rare plant species, but they host a large 

diversity of species compared to other kinds of 

ecosystems. In contrast, bogs have many specialist 

plants, but they tend to be very low in overall diversity. 

While our previous work detailed the strong 

association of plant diversity with calcareous geology, it 

also found that these ecosystems are under serious 

threat. Calcareous geology is relatively uncommon in 

Pennsylvania (usually at lower elevations e.g., valleys), 

and it has been developed and altered at a much higher 

rate than lands on non-calcareous geology (higher 

elevations), so there are relatively few high quality 

natural areas remaining. They face many threats; 

calcareous landscapes are more likely to be developed, 

fragmented, and invaded by non-native species than  

non-calcareous landscapes.  

 

There is a range of habitat types that occur on 

calcareous geology in Pennsylvania, from calcareous 

fens (groundwater-fed wetlands), rocky outcrops, 

forests, floodplains, woodlands on steep, dry slopes, 

and grasslands that were once kept open by human 

activity. When DCNR challenged us to study calcareous 

barrens we had to look at them through a new lens. 

òBarrensó is a colloquial term that refers to sites that 

have less dense and less tall vegetation than is typical 

for the region, usually because of some combination of 

drought, rocky substrate, exposure, substrate toxicity, 

or disturbance regime. While we could have focused 

exclusively on a well-defined habitat like limestone 

grasslands or dry rock outcrops, we decided to use a 

broad definition that includes numerous natural 

community types. Specialist taxa often span across 

multiple subtypes of geology, environmental setting, 

region, or plant community. On the conservation stage, 

these sites are similar enough to be considered the 

same kind of potential habitat.  

 

The first step in a recovery plan is to inventory how 

much remains of the species or ecosystem under study. 

For calcareous barrens, we approached this task by 

using PNHPõs rare plant data across the state. We chose 

about twenty rare plant species that we believed were 

usually found on calcareous barrens, and reviewed each 

known location to see if it met our criteria for calcareous 

barrens. It had to have calcareous substrate in the plant 

Eastern columbine (Aquilegia canadensis), a species that requires 

calcareous rock habitats.  
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This limestone grassland in Centre County has been invaded by 

non-native shrubs, and lost much of the diverse herbaceous layer 

so unique to the community.  
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rooting zone; and it had to have vegetation less dense 

and less tall than typical undisturbed forest cover.  

 

A few species were 

model indicator taxa. 

Seneca snakeroot 

(Polygala senega) 

almost always 

occurred in calcareous 

woodlands, usually of 

the red oak - mixed 

hardwood community 

type. Hoary puccoon 

(Lithospermum 

canescens) was a very 

reliable indicator of 

calcareous woodlands 

and grasslands. 

Sideoats grama grass 

(Bouteloua curtipendula) 

was a very reliable 

indicator of calcareous 

grasslands and 

occasionally woodlands.  

 

Considered together, however, our òindicatorsó 

showed an impressive level of idiosyncrasy in the 

habitats they managed to survive in, tied to each 

speciesõ individual characteristics. Fragrant sumac (Rhus 

aromatica) is a good barrens indicator but isnõt confined 

to calcareous geology. Flat-topped goldenrod (Solidago 

rigida) is usually a great indicator of limestone 

grasslands, but also occasionally shows up in disturbed 

habitats of less distinction, probably because goldenrods 

generally tend to be good dispersers and hardy, 

disturbance-tolerant plants.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Snowberry (Symphoricarpos albus) is a good indicator of 

calcareous woodlands and outcrops, and because it is 

near the edge of its range in Pennsylvania, it is 

associated with northern-affiliated habitats; it was one 

of the indicators of the Pine Creek Gorge calcareous 

barrens type. 

 

Northern bedstraw (Galium boreale) occurs in limestone 

woodlands but also in seepage-fed calcareous outcrops 

above the Delaware River, challenging us to determine 

whether those met the criteria for barrens even though 

they werenõt dry. (We decided they did, since the steep 

slope and rocky substrate definitely created lower and 

sparser vegetation than forest conditions).  

 

Many species occupied more than one subtype of 

habitat, such as grasslands and woodlands, woodlands 

and outcrops, or outcrops and floodplains.  

 

The set of sites we 

identified across the state 

ultimately included a 

broader geographic range 

and a broader set of 

environmental conditions 

than we initially 

anticipated. While most 

sites occur within the 

Ridge and Valley 

province, where most of 

Pennsylvaniaõs calcareous 

geology is more 

abundant, they also 

ranged from the afore-

mentioned Delaware 

River outcrops, to cliffs 

Flat-topped goldenrod (Solidago rigida) a heliophyte species in 

flower on a calcareous limestone grassland 

Seneca snakeroot (Polygala senega), a 

habitat specialist of calcareous 

woodlands.  
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Common snowberry (Symphoricarpos albus), an indicator species of 

calcareous woodlands and outcrops, associated with northern-

affiliated habitats.  

Dry calcareous slopes in Pine Creek 

Gorge, Tioga County.  
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in Pennsylvaniaõs Grand Canyon where a particular 

calcareous geological layer is exposed, steep bluffs in 

the glaciated northwest that cut through calcareous 

glacial till, forested outcrops in the Allegheny Mountains 

of Mauch Chunk calcareous sandstone, and steeply 

sloped woodlands in the southwest on Monongahela 

formation. One overarching feature is that many sites 

were on cliffs cut by waterways, which exposed 

calcareous rocks or glacial sediments. Once we found 

that the habitat in focus consisted of many regional 

subtypes, we created sections of the plan to address 

each of these individually. One of the major questions in 

conservation of barrens ecosystems is whether they 

require disturbance to persist. By looking at regional 

subtypes, we were able to consider patterns in 

topography, land use history, and pre-European 

settlement fire history for each group to provide 

tailored conservation recommendations.  

One subtype in critical need of conservation is the 

Xeric Limestone Prairie of the Ridge and Valley. Daniel 

Laughlin extensively studied these systems and 

determined that they were likely almost all historically 

maintained by human disturbances, beginning with 

Native American fire management practices. With over 

a century of fire suppression and the gradual reduction 

of grazed lands, these unique ecosystems are steadily 

reverting to shrublands and young forest, and losing 

their distinctive òprairieó species such as sideoats grama 

grass and flat-top goldenrod. We recommend that fire 

is experimentally introduced to these systems.  

 

The Pennsylvania Grand Canyon may have had a low 

frequency of fire in pre-European settlement times, but 

its recent history over the last two centuries includes 

extensive disturbance, with clearcutting and fire across 

the landscape. This area needs further study to 

determine if woodlands and cliff openings are closing in, 

and may need active management to conserve sun-loving 

calcium specialist plant species.  

 

In the southwestern 

part of the state, 

calcareous 

woodlands are 

found on steep but 

not vertical slopes. 

Fire could have 

been important in 

maintaining a more 

open canopy for 

these sites; the pre-

European 

settlement fire 

frequency is highest 

in this region of the 

state. Limestone 

barrens systems of 

most areas across 

the southeastern 

United States have 

been linked to fire, 

and good management techniques have been developed 

for many of them. However, the history of our systems 

has received relatively little study, and fire management 

has never been tried. Tall larkspur (Delphinium 

exaltatum), a globally rare species that was once found 

in many calcareous woodlands in southeastern 

Pennsylvania but has declined, has been shown to have 

a dramatic positive response to fire in Missouri 

populations.  

 

A community ecology plot in a small patch of xeric limestone 

prairie; woody succession threatens this habitat.  

Prescribed burning of a dolomite glade in Missouri. 
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The flowers of tall larkspur (Delphinium 

exaltatum), a globally rare species of 

calcareous woodlands  
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The steep bluffs in the glaciated northwestern part of 

the state are an example of an environment that 

maintains its own disturbance naturally, through 

frequent erosion of the friable glacial sediments. The 

most important conservation need in these habitats is 

invasive species control. Calcareous habitats are 

particularly susceptible to invasive species, and this is a 

serious conservation problem across all habitat 

subtypes.  

Evaluating success in conservation of a habitat is more 

complex than for a species, where population 

monitoring can be used to monitor trends. To create 

benchmarks for success in habitat conservation, we 

identified òreferenceó sites for each subregion. We also 

identified plant taxa particularly tied to some aspect of 

the environment. These taxa can be monitored to 

determine if management is maintaining appropriate 

conditions. These included heliophytes (sun loving taxa), 

which can show whether woody species management is 

creating appropriate light levels; highly conservative 

species, which are likely to be early indicators of 

ecological decline from edge effects or invasive species; 

and calcareous habitat specialists, which canõt migrate to 

nearby areas as more generalist species might be able 

to do. 

 

The Calcareous Barrens Habitat Conservation Plan 

identifies 90 sites across the state where these unique 

ecosystems are found. It identifies10 regional subtypes, 

describing their typical topographic and geological 

settings, ecosystem conditions, and management needs. 

It also highlights data gaps. It includes a site assessment 

template designed to evaluate ecological history, 

current community condition, and identify indicator 

species. With these pieces in place, the plan lays the 

foundation for habitat-specific conservation planning 

and action at these sites.  

 

About the Author  
 

Jessica McPherson has worked 

with PNHP for over 20 years as 

an ecologist and botanist. She 

currently works on strategic 

planning for botany, emphasizing 

site-based planning, habitat-

focused plant conservation, 

building data-driven management 

through partnerships, and 

efficient data capture. She has a 

particular interest in 

understanding how plantsõ life 

history and ecology impact their 

distribution, rarity, and adaptability to change, and in 

the ecological influence of soil pH and geology. 

 

 

 

 

Hoary puccoon (Lithospermum canescens), a heliophyte and an 

indicator species of calcareous woodlands and grasslands.  

Big Hollow xeric limestone prairie, a calcareous grassland.  
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Recently, PNHP has begun to conduct more deliberate 

ecological stewardship actions, in partnership with state 

agencies, academics, and conservation groups, and 

funded by state, federal, and private funding sources. 

These small, but successful, efforts suggest that a 

greater focus on stewardship can be effective in 

increasing the viability of our occurrences of rare plants 

and wildlife. 

 

Plant Conservation Alliance and High 

Conservation Value Areas  
 

The Heritage Program is working with the DCNR 

Bureau of Forestryõs Pennsylvania Plant Conservation 

Alliance (PPCA) to protect the rarest plants in 

Pennsylvania. Together with other experts and 

practitioners we are conducting assessment and 

monitoring, range-wide studies of conservation 

genetics, off-site conservation collections at regional 

seed banks and botanic gardens, and stewardship for 

sites where the rare plants occur.  

One example of a dedicated effort that has resulted in a 

noticeable positive ecological change is the 

Conococheague Bluffs Natural Heritage Area in 

Franklin County. PNHP Ecologist Claire Ciafré and 

Botanists John Kunsman and Rachel Goad  have been 

working with a group of dedicated volunteers, including 

former PNHP Ecologist Rocky Gleason, to remove 

winter creeper (Euonymus fortunei), which has 

proliferated in the understory of the calcareous 

woodland, negatively impacting a number of rare 

species like smooth rockcress (Arabis patens), green-and

-gold (Chrysogonum virginianum), and eastern shooting 

star (Primula meadia).  

 

A similar site along Licking Creek, where limestone 

bluffs support a number of rare species like black 

stemmed spleenwort (Asplenium resiliens) and species of 

early spring flora, is engulfed by non-native plants that 

have swallowed the cliffs. There PNHP botanists are 

slowly working to pull back the invasive plants, freeing 

the walls for the rare fern. 

 

Canbyõs mountain lover 

(Paxistima canbyi), a globally 

imperiled shrub, grows on 

the rich limestone outcrops 

at WPCõs Lutzville Cliffs 

Natural Area in Bedford 

County. Its stewardship 

needs include not only 

invasive plant removal but 

also the treatment of a non-

native insect, euonymus scale 

(Unaspis euonymi), which 

feeds on and damages the 

plants. We have been 

 

Saving the Places We Care About Takes More Effort Than Inventory and Monitoring:  

Sometimes You Have to Roll Up Your Sleeves.  

      by      

Ephraim Zimmerman, Senior Director of Conservation Science  

PNHP Botanist Rachel Goad cuts invasive plants away from rare 

plants at Conococheague Bluffs.  

 C
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Shooting star (Primula meadia) 
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treating the plants for scale and removing Asian 

bittersweet (Celastrus orbiculatus), an invasive plant that 

outcompetes Canbyõs mountain lover and acts as an 

alternate host for the euonymus scale. We are hopeful 

that long-term monitoring and treatment as needed will 

have good prospects for success. 

Stewardship doesnõt always mean controlling invasive 

species. At Ricketts Glen State Park, Ecologist Claire 

Ciafré helped PPCA Coordinator Cheyenne Moore and 

park staff install a cage around the rare bog Jacobõs 

ladder (Polemonium vanbruntiae) to protect plants within 

the population from deer herbivory.  

The state-endangered beautiful Barbaraõs buttons 

(Marshallia pulchra) is found in patches of Appalachian 

River Scour community on the rocky shores of the 

Youghiogheny River in Fayette County, Pennsylvania. 

Marshallia has been a focus of PNHP since the early 

1980s and in recent years we have increased the 

intensity of our monitoring efforts. Marshallia has 

declined over the years due in part to habitat 

alterations and invasive species competition. Through 

the PPCA and close work 

with Ohiopyle State Park, 

PNHP monitoring data will 

be used to develop a 

recovery strategy that will 

focus on removal and 

control of Asian 

bittersweet and other 

invasive plants while 

monitoring the population 

responses of Marshallia and 

other rare plants to the 

management activities.  

 

As part of DCNRõs Forest Stewardship Council (SFC) 

certification, areas are designated as High Conservation 

Value Forests (HCVFs) where management activities 

are implemented to maintain or enhance an areaõs 

conservation value, such as stewardship of rare species. 

One such site is Scotch Pine Hollow in Tioga State 

Forest, a forest tract containing a Cottongrass Poor Fen 

community with a large population of few-seeded sedge 

(Carex oligosperma). This population is thought to have 

declined as white pine (Pinus strobus) has increased 

within the wetland, increasing shade, and possibly 

changing the siteõs hydrology. PNHP ecologists and 

Bureau of Forestry staff have established long term 

vegetation monitoring sites and water monitoring wells 

to asses changes in vegetation and hydrology, and in 

2024, district foresters removed much of the white pine 

cover from the wetland. A combination of baseline 

assessment  and continuous monitoring of the sedge 

and environmental variables will tell us if this 

stewardship activity is effective.     
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A team of botanists after a day of removing large quantities of 

Asian bittersweet from a Canbyõs mountain lover site. 

Cheyenne Moore and Claire Ciafr® carrying a cage to protect bog Jacobõs 

ladder (shown on right) from deer browse. 

Beautiful Barbaraõs buttons  
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Aerial photo, captured by a drone, of PNHP ecologists surveying the 

permanent transects at the Scotch Pine Hollow restoration site. 
























