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Abstract 

The Penn Park Meadows Project team collaborated with Facilities and Real Estate Services (FRES) 
to assess development of the remediated meadows at Penn Park. Data on the plant species and soil 
characteristics of the meadows were collected during the 2018-19 academic year. Methodology 
included biodiversity surveys and soil sample analysis. Recommendations are presented for future 
plantings in the meadows based on analysis of the compiled data. These recommendations included 
targeted species plantings and soil treatments. 

Introduction  

Penn Park is a multipurpose, twenty-four acre plot on the east end of Penn’s campus. Among the 
many athletic facilities, there are pedestrian pathways and open fields for informal recreation. 
However, a train track runs above some of this open green space, creating a potential hazard for 
people in the areas directly below. The columns that support the tracks create fourteen divisions of 
the landscape adjacent to the Hecht Tennis Courts. These divisions will be referred to as bays, and 
their locations can be seen in Figure I below. To address the safety of this area and to improve 
biodiversity, FRES planted a series of meadows of native plants in the bays to deter people from 
walking under the tracks. The goal of this project was to assess the success of the bays by 
conducting biodiversity surveys and analyzing soil samples.  
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Figure I. A map of Penn Park with the referenced bays enclosed by the red oval. 

 

Project Overview 

This project was in collaboration with FRES for the purpose of collecting information on the plant 
life and soil characteristics of the meadows at Penn Park. Group members had varying levels of 
knowledge on ecological remediation and urban biodiversity but shared an interest in data 
collection to guide future planning for the Penn Park bays. The project aimed to determine the 
progress of the plantings in the bays at Penn Park and to compile recommendations for their future.  

 To identify the species of plants in the bays, observations of species were posted on the website 
iNaturalist. iNaturalist is an online network of citizen scientists through which one can share 
observations of biodiversity and receive species identifications from other members of the site. 
Project partners from FRES provided a document listing the twenty two plant species that were 
intentionally planted in the bays. Books on common invasive and native plant species in the 
northeast were also provided as references. Group members made hand drawn maps for each of the 
fourteen bays, using numbers to indicate representative plant species and their relative abundance. 
Species identities, relative abundance, and species health in each bay were entered into a 
summarizing spreadsheet. This information was later used to identify the success of both planted 
and naturally occuring species.  

In addition to looking at the flora in the bays, this study includes analysis of the soil composition at 
five sites. Soil samples representative of salt, wind, and sun exposure were collected from bays and 
used to characterize the soils. Samples were examined for metal concentration, soil composition 
(clay, silt, and sand), and nutrient and water retention. Results of these analyses directed student 
recommendations for future plantings in the meadows. Recommendations are made to optimize the 
health of desired plant species.  
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Research Findings 

Identification of plant species and their abundance revealed a total of forty-eight plant species. 
However, not all species were equally successful at each site, and thus the relative amounts and 
health of the plants needed to be quantified. This process saw several plants emerge as the most 
successful. The most successful plant species included columbine, goldenrod, and wild bergamot. 
The success of these species was best demonstrated by their prevalence in a majority of bays as 
well as by their relative abundance in those bays. The number of times a species appeared in the 
top three most abundant species in a bay was counted to capture relative abundance. These trends 
are best shown in Figure II. 

 

 

Figure II. A bar chart showing appearance frequencies for a species across all of the bays. Blue                 
represents the number of times a species appeared at all in a bay. Red represents the number                 
of times a species appeared in a bay as one of the top three most abundant species. Note the                   
graph only shows plants that appeared in at least 5 bays. 

The top three plants we identified also share several properties. These plants have several stalks 
per plant, are perennials (meaning they last multiple seasons), and have seasonal flowering stalks. 
The success of these plants could be partially attributed to the prior history of seasonal mowing in 
the area. Different plant species might not grown for long enough to develop shade covering while 
perennials have been adaptable to the conditions. In addition, the top plants were also purposefully 
planted in the meadows as shown in Figure III. 
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Figure III. Original list of planted species. 

The soil tests yielded interesting results including relative biomass, nutrient levels, heavy metal 
content, and soil textural class. The original idea was to look at possible heavy metal content due to 
contaminants from the railroad, but the contaminant levels were low enough not to warrant 
remediation. The tested contaminants included phosphorus, sulfur, chloride, potassium, calcium, 
titanium, manganese, iron, lead, nickel, copper, zinc, arsenic, rubidium, strontium, zirconium, 
molybdenum, silver, cadmium, barium, mercury, tin, antimony, cobalt, chromium, and selenium, 
and can be seen in Table I. The soil tests revealed low biomass and nutrient levels in the soil, 
suggesting that fertilization of the bays could improve soil and plant health incorporation of a 
fertilizer. Additionally, the soil textural class was found to be a loamy sand as depicted on the soil 
textural triangle in Figure IV.  

Heavy Metal 
Identification 

Bay 1 Bay 2 Bay 4 Bay 10 Bay 14 Safe According to 
EPA1 

Arsenic 5.7 ppm 4.1 ppm 2.6 ppm 2.3 ppm 8.3 ppm 75 ppm 

Copper 36 ppm 19 ppm 11 ppm 12 ppm 84 ppm 4,300 ppm 

Lead 73 ppm 48 ppm 13 ppm 13 ppm 317 ppm 420 ppm 

Mercury 3.0 ppm 3.0 ppm 3.3 ppm 3.0 ppm 2.8 ppm 840 ppm 

Zinc 242 ppm 116 ppm 39 ppm 33 ppm 131 ppm 7,500 ppm 
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Table I. A Summary of Heavy Metal Testings 

Figure IV. A depiction on the three phase diagram of the composition of the soil found in the 
Penn Park meadows. The red dot represents the location on the three phase diagram at 
roughly 10% clay and 90% sand. 

The sandy texture and and low nutrient levels of the soil suggest that these sites would be suitable 
for the planting of shade-tolerant beach grasses or otherwise require soil treatment.  

Evaluation 

Overall, this project was successful in achieving the primary goals. The majority of plant species in 
the bay and overall patterns in the biodiversity were identified, and pertinent information was 
extracted from soil analyses. Common challenges to this project included seasonal influences on 
plant life, reliance on seasonal characteristics of plants for identification, and discerning the 
accuracy of identifications made in iNaturalist. With the timeline of the project and the climate of 
Philadelphia, there was a very short window of time during which the plants were in full bloom and 
showing flowers, leaves, fruits, and other traits needed to identify them. Because of this, 
photography and identification became more difficult in the last bays investigated. The use of a 
citizen science platform was a good starting point for species identification, but because people do 
not have to be experts to add identifications these were sometimes incorrect or otherwise 
unhelpful. Ultimately, the data collected can prove useful in future development of the meadows 
despite these challenges, and the questions that arose along the way sparked ideas for future 
research.  

Because maintenance of the bays is still underway, repetition of these biodiversity surveys would 
be useful. Additionally, repetition of data collection would increase the scientific significance of our 
results. Surveying should be done at seasonally ideal times, such as early fall or late spring. Future 
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planting at the site should use goldenrod, columbine, and wild bergamot seeds because these 
species were found to be most abundant, indicating their ability to grow in this environment. The 
sandy texture and low-nutrient levels of the soil can be treated by planting shade tolerant beach 
grasses or succulents. 

Conclusion 

Ultimately, this project determined which plants best thrive in the soil and environmental 
conditions of the bays in Penn Park. Many of the intentionally planted native species such as 
goldenrods, columbine, wild bergamot, and asters were identified as very successful and abundant 
in the majority of the bays. Some invasive species, like porcelain berry, were also found to be 
widespread in the area. The soil analyses revealed possible future treatment to address low 
nutrient and high sand content. Results from both of the project’s main initiatives can be used in 
future decision-making regarding meadows in Penn Park.  

Appendix 

Key Stakeholders  
Facilities and Real Estate Services  

Samuel Royer | sroyer@upenn.edu  
Chloe Cerwinka | chloec@upenn.edu  

Penn Medicine 
Grace Jeschke | gjeschke@upenn.edu  

Earth and Environmental Science Department  
Dr. David Vann | drvann@sas.upenn.edu  

Further Information on iNaturalist  

Some observations of plant species were added to an iNaturalist study “Penn Park Bio-blitz 
(University of Pennsylvania)”. This page can be accessed at 
https://www.inaturalist.org/projects/penn-park-bio-blitz-university-of-pennsylvania?tab=observa
tions. The full collection of observations can be accessed through each Eco-rep’s account. All 
usernames can be found on the Penn Park Bio-blitz study: ahardie, johanna1, and nyholm 13.  

Print Resources 

Wild Urban Plants of the Northeast by Peter Del Tredici  

The Plants of Pennsylvania by Ann Fowler Rhoads and Timothy A. Block  

Online Resources 

U.S. EPA. 1993. Clean Water Act, sec. 503, vol. 58, no. 32. (U.S. Environmental Protection Agency 
Washington, D.C.).  
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Example of Hand Drawn Map (Bay 5) 
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Summary of Biodiversity Data  
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