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Abstract
The Discovery Center is a nature and education center operated by the Audubon Society
and Outward Bound. It is located in Philadelphia’s East Fairmount Park, one of the largest and
only green spaces in the urban area. It consists of a bird-friendly building, a climbing structure,
and a nature trail, all situated around the Strawberry Mansion reservoir. The Center is only one
year old and is in the process of diversifying its current ecosystems while continuing to serve the
surrounding community to fulfill its mission of conservation and environmental justice. Our
project combined dialogue with members of the center, observation of bird and plant species, and
several rounds of water testing to establish background data for the report. This paper is divided
into ecological and educational components. The ecology section includes a review of
biodiversity and artificial habitats, an analysis of our water testing and observational data, and
proposals and information for construction of an artificial floating habitat. By constructing this
habitat, the Center will increase and preserve the biodiversity of the reservoir, which will
encourage migration and provide resiliency against climate change. The educational component
begins with a review of land-based education, accessibility, and informal learning, then provides
some sample didactic materials for visitors of all ages and backgrounds. Ultimately, the goal of
this project is to gather comprehensive baseline data and provide feasible recommendations and
materials that the Discovery Center will be able to implement in years to come.
PART 1: Introduction
The Discovery Center is a newly developed nature and education center nested in the
heart of East Fairmount Park in Philadelphia. With an expanse of 47 acres replete with a
reservoir, it is a marker of the city’s history and now serves as a foliaged getaway and
environmental education center for both the public and the members of the Strawberry Mansion
community. The Center also contains a reservoir which was active until the 1970s. The growing
demand for more land in the 1950s forced the city to target the berm for prospects of
constructing ball parks. However, pressure by ecologists and the public halted the ballpark plans
and the entire reservoir was closed to the public. The reservoir not only provided the Strawberry
Mansion community with access to one of the few green spaces available in their urban setting,
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but holds special meaning to the generations of families that remember it (Vuocolo n.d.).
Members of the community discuss “how their grandparents or their parents brought them up
here to watch the sunset over the lake and to have those moments of peace and quiet in nature
that they can’t have today” (Vuocolo n.d.). Unfortunately, the closing of the reservoir coincided
with the community’s rise in crime, economic decline, and deindustrialization (Vuocolo n.d.).

Figure 1: an image of the reservoir and “floating classroom” dock at the Discovery
Center.
During the 1990s, ornithologist Keith Russel entered the area with his group and
discovered that the berm was rich in biodiversity, with more than 150 avian species alone. This
spurred the plans for constructing the center in the early 2000s. Its reservoir is concrete-lined, as
the soil in the Philadelphia region is too porous for water retention. It is eight feet deep and has
been found to contain four known species of fish: white and brown catfish, perch, and sunfish.
The aquatic species at the center’s reservoir include green herons, great blue herons, egrets,
mallards, wood ducks, double-crested cormorants and ospreys. The Center’s mission states, “The
Center will protect a unique habitat rarely found in a major urban area and will provide education
and adventure programs that inspire self-discovery, foster personal achievement, and build
community across Philadelphia.” The Center not only promotes environmental education and
conservation but also serves as the only green communal space for the Strawberry Mansion
community. With the re-opening of the reservoir, the community can now take advantage of the
peaceful green space that was once treasured by older generations. The Center’s core values are
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governed by the Equity Diversity and Inclusion (EDI) quotient and it strives to attract and
educate the public free of charge. In keeping to the center’s core values, the historical connection
of the reservoir to Strawberry Mansion is recognized in fostering further collaboration and input
from the community.
The Discovery Center is partnered with the Audubon Society, a conservation
organization specifically focusing on maintaining and restoring habitats for birds. In 2005, the
area was deemed as an Important Bird Area (IBA) for sustaining around 200 species of birds.
Even today, The Discovery Center is the second nature center and the only area in Philadelphia
to possess this status (John James Audubon Center being the first). The center is about 47 acres
and houses around 200 residential and migratory bird species in total. The Discovery Center is
also partnered with Philadelphia’s Outward Bound—an experiential learning program that offers
opportunities for students and adults to develop their character through diverse learning
environments.
Environmentalism has taken different forms over the past decades and the onset of
various disasters has generated a greater sense of urgency for the impact of the movement. One
of the most pressing issues of our time is the advent of the 6th Mass Extinction, as we are losing
approximately 100,000 species every year, and this rate of extinction is said “...to be between
1,000 and 10,000 times higher than the natural extinction rate” (WWF 2019). Due this looming
threat and severe need for conservational efforts, we created a feasibility report for the creation
of a wading habitat at The Discovery Center which could potentially serve as a breeding and
foraging ground for existing species and enhance the ecosystem of the habitat. Man-made
floating islands are increasingly common features of natural bodies of water under human
control. They can provide numerous ecosystem functions such as water purification and balance,
sub-aquatic habitats for fish and amphibians, and above-water landing and nesting habitats for
birds. Their primary function discussed in the literature is for water purification (Nakamura et al.
2008, Yeh et al. 2015). This can include “nutrition removal, biomass production, aquaculture and
agriculture, as well as wastewater and stormwater treatment” (Yeh et al 2015). This report
provides information that the Center would need to implement this habitat as the Center
continues to develop.
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We have also created educational materials to support the project and inform the general
public of the importance of conservation through interaction with this habitat plan. One of our
main sources for material development is the Global Learning and Observations to Benefit the
Environment (GLOBE) Program, which is an international and open source program that
provides science curriculum and materials to engage the public. Scientists and teachers
collaborate to create grade-level appropriate materials that cover topics of the hydrosphere,
biosphere, atmosphere, and pedosphere. We utilized their resources to help guide the creation of
our own educational materials. Although there is value in providing the information needed for
the creation of the habitat, the educational materials will be one way in which the Center can
continue to foster its relationship with the public, specifically, the Strawberry Mansion
community. The educational materials were created with keeping accessibility and impact at the
forefront of developing its purpose.
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PART 2.1: Ecological Literature Review
We begin with background literature reviews on urban habitat space and accessible
educational initiatives. This section synthesizes a nuanced understanding of how initiatives like
the Discovery Center support resiliency strategies for climate change.
The demand for cultivated land has resulted in a large wetland habitat decline due to
water drainage. Loss of wetland habitats have proven to be catastrophic, as wetland habitats
serve as natural barriers against water logging. Moreover, they are also vital for carbon
sequestration, supporting plant life, and the absorption of pollutants.
Conventional approaches to ecological conservation have established that constructing
protected habitat areas can be instrumental in preserving global biodiversity, which is
increasingly at risk due to human impact and climate change (Di Marco 2019, Strassburg 2018).
Migratory birds are particularly vulnerable due to the wide geographic area they inhabit annually
(Schuster 2019). This also means that migratory species pose a unique challenge in conservation
work (Runge et al. 2014). Careful construction and maintenance of an aquatic habitat is a step in
the right direction towards comprehensive sustainability. This will also generate and protect
other ecosystem services that are beneficial to humans, providing greenspaces, cleaner air, less
noise pollution, and an accessible community space. Urban spaces especially have historically
been neglected in terms of nature, which directly affects the quality of life for local residents
(Bolund et al. 1999). Thus, conservation projects must take into account specific migratory bird
species, local vegetation and animal life, and the presence of the human population on and
around the site.
Wading avian species require a healthy hydrology and safe breeding and roosting
locations with proximity to foraging areas (Hoffman 2012). This can take the form of floating
habitats, such as islands of phragmites or lily pads, or an artificial shoreline, which provides a
safe area for waterbirds to land. However, with plant selection, it is also important to determine
plant species that would be a major foraging source for the residential animal and bird species.
Other important factors to consider for habitat creation include water quality, buffer zone
placement, and long-term management of the habitat (Schuster et al. 2019). Wetland habitats are
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extremely delicate ecosystems and are susceptible to change with the slightest ecological
disturbance. With every wetland habitat comes the need for a buffer zone which can protect the
habitat from predators and undesirable runoff through a band of underdeveloped vegetation or a
man-made solution of fences and barriers.
The development of land in various regions has impacted ecosystems around the globe.
Natural wetlands, saltwater marshes, tropical rainforests and various other macro and
microsystems are threatened with serious degradation and species extinction on a rapid scale.
Historical and current rates of land modification show that more than half of the wetlands have
deteriorated worldwide (Giosa, Mammides and Zotos 2018). This loss has led to erosion,
impacting the wetlands’ abilities to purify water and resist wave impact and shoreline flooding.
Wetlands are also instrumental in the breeding, foraging and nesting of wading and migratory
birds. They also sustain other aquatic life such as fish populations, bacteria, and other
microorganisms therefore, a significant decline in their habitat has thus endangered the survival
of many wetland species. Due to the dire situation of ecological degradation, efforts and
conservation strategies are being devised to conserve these wetlands through the creation of
artificial floating islands.
Artificial floating islands, or AFIs, are planting structures made of floating soilless
planting beds and native plants. Typically, they are constructed with floating aquatic and
emergent wetland plants; the above-water leafy area provides habitat for pollinators and aquatic
birds, while the underwater root system creates habitat for algae, bacteria, and small
invertebrates (Yeh, Yeh and Chang 2015, 618-169). The purpose of an AFI is to imitate the
workings of a natural wetland, accelerating the process of restoration and purification of a
damaged wetland ecosystem and thus enhancing the aquatic ecosystems of the targeted water
bodies such as lakes and reservoirs. AFIs have four functions: 1) water purification, 2) habitat
enhancement, 3) shoreline erosion protection, and 4) improved landscape features (Nakamura
and Mueller 2008). One of the primary functions of an AFI is the removal of water pollutants
which improves the water quality. AFIs are chiefly made with floating mat or mesh, which is
attached to a buoyant platform. The mesh is then lined with natural materials such as wrack to
stimulate plant growth. AFIs are also designed to support both emergent and submerged plants
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which play vital roles in the removal of pollutants; the top layer of the mat is designed to support
plant growth and hence, pollutants are trapped and absorbed by the root structures of these
aquatic plants through various mechanisms. As one study writes, “These mechanisms include
nutrients and metals uptake, biofilms development, extracellular enzyme release, contaminant
settling and binding, as well as suspended matter flocculation enhancement” (Yeh, Yeh and
Chang 2015, 617). Biofilm is a collection of microorganisms such as bacteria and fungi which
are able to stick to and multiply on various surfaces such as plant and animal tissue. Another
important function of AFIs is to prevent the formation of algal blooms, reduce water turbidity
and provide a flow of oxygen in anaerobic conditions underwater. Nitrogen and phosphorous can
be serious pollutants in surplus (Yeh, Yeh and Chang 2015, 617). Therefore, the presence of
submerged and emergent aquatic plants in AFI systems can be essential to the regulation of these
nutrients in the water.
The concept of AFIs is not novel to the field of conservation. In fact, in the early 1920s,
Japan was the first country to introduce and install floating structures constructed out of fascines
to promote fish spawning (Nakamura and Mueller 2008). Lakes in New Hampshire also saw the
installation of AFIs in the 1900s to increase and provide conducive conditions for the nesting of
bird species, and Germany introduced the concept in 1979 (Nakamura and Mueller 2008). This
long history of knowledge around AFI development contributed to complex structural designs
and the understanding of their ecological benefits on endangered wetland systems today.
In recent times, case studies on the application and analysis of the success rates of AFIs
have spurred further awareness and research into this technology. A prominent AFI study in
Cyprus shows the collection of data from 13 AFIs and 6 natural wetlands “to assess their
similarities in bird species diversity and composition, and to quantify the relationship between
species diversity and the density of road networks, hunting reserves, wetland size, and wetland
depth” (Giosa, Mammides and Zotos 2018, 1). Bird sighting reports of 2009, 2010 and 2011
were gathered from Birdlife's database which included a list and the individuals of each recorded
species. These were compared to sightings from AFIs vs natural wetlands. Additionally,
researchers used the IUCN red list to make note of the conservation status and the endangered
species in the list. Results showed that “out of the fourteen near threatened and threatened
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species, eleven of them were also found in artificial wetlands, with two of them, the endangered
White-headed Duck (Oxyura leucocephala) and the vulnerable Marbled duck (Marmaronetta
angustirostris) found only in artificial wetlands” (Giosa, Mammides and Zotos 2018, 11). Even
though there are other variables at play here such as proximity to the Larnaca salt lake, the study
still corroborates that AFIs are crucial in serving as a wildlife refuge and rehabilitation grounds
for endangered populations and contributes towards the development of species richness and
ecological diversity in the region. Another study shows the scrutiny of Black-throated Diver
from 1990-1997 in Scotland. Floating mats were constructed in the form of rafts and observed in
the Diver territory for a period of 10 years, to “astounding” results in chick productivity
(Hancock 2000).
Contemporary scholars in the field of ecological conservation agree that increased
biodiversity, defined as having a large variety of organisms, is imperative for the thriving of
individual species within a habitat. This biodiversity must be localized to account for native
plants and animals. Reciprocally, construction of wildlife areas increases terrestrial biodiversity
reaching far beyond the designated areas (Di Marco 2019). To apply this specifically to
migratory bird habitats, careful analysis of native and nonnative aquatic and terrestrial species
around the constructed reservoir will be important as a holistic study of how to preserve bird
species, which will in turn have global effects on biodiversity.
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PART 2.2: Means and Methods for Ecology Component
This section displays the data from water testing and observation. This testing was
conducted using a dissolved oxygen test kit and a generic, at-home water sampling kit; testing
was done from the center of the floating classroom (Figure 2). The water analysis was conducted
on three trips over a period of one month. The tests that were run investigated the general health
of the body of water, checking for the presence of several different metals, ions, oxygen, and
lead and pesticides (Table 1). Additionally, on each site visit, sightings of bird, fish, and plant
species were observed and noted (Tables 2 and 3). This involved the use of binoculars and
cameras and walking tours of the nature trail. In total, we visited the site four times between
October and November, 2019.

Figures 2 and 3: Performing various water tests (left) and dissolved oxygen tests (right) on the
floating classroom at the Discovery Center.
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PART 2.3: Results for Strawberry Mansion Reservoir Ecology
Water Test Results

Strawberry Mansion Reservoir Water Testing Data
Date

October 29

November 4*

November 18*

Conditions

3-5 pm, sunny, 66°F

3-5pm, sunny, 59°F

3-5pm, cloudy, 44°F

Water Temperature

16-17°C

13°C

6°C

Dissolved Oxygen

~8ppm

~7ppm

~9ppm

Pesticides and Lead

negative

negative

negative

Water metals

<10ppb

<10ppb

<10ppb

Nitrate/Nitrite

0

0

0

Sulfate

~250ppm

<250ppm

250-500ppm

Chlorine

0.0 ppm

0.0 ppm

0.0 ppm

Chloride

inconclusive

inconclusive

0-250 ppm

Iron

0ppm

0ppm

0ppm

Copper

0ppm

0ppm

0ppm

Hydrogen Sulfide

0 ppm

0ppm

0ppm

pH

~5

~5

~5

Alkalinity

40

0-40

0

Hardness

0-50

0-50

0-50

Table 1: the water test results from each visit to the Discovery Center
*Each test was done twice with the exception of hydrogen sulfide. **On 11/18/19, not
enough water was collected for the sulfate test and possibly too much water was used for
the hydrogen sulfide test. This should not significantly affect our results, although it
would be wise for future tests at the Center to use a more specific sulfate test than the
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range tested for above.
The red color indicates levels that exceed the standard limits for a Mid-Atlantic
freshwater pond.

Bird Species Noted:
Bird Species Noted at the Discovery Center by Month (Fall)
September

● Turkey Vulture
● Eastern Phoebe
● Blue Jay
● Ring billed gull

October

● Song Sparrow
● Canada Goose
● Red Tailed Hawk
November

● Hooded merganser
● Ring billed gull
● Canada Goose

Table 2: An inventory of bird species at the Strawberry Mansion Reservoir
We kept an inventory of bird species noted during our visits to the Center to see if there was any
notable variety through the season (Table 2).
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Fish Species Noted:
Fish Species Known to Live in the Strawberry Mansion Reservoir
● White catfish
● Brown bullhead catfish
● Yellow perch
● Pumpkinseed sunfish
Table 3: A record of fish species that live in the reservoir noted by our contacts at the Center,
Damien and Jose.
PART 2.4: Discussion of Results for Ecology
Water Test Analysis
The results determined that the reservoir has safe conditions for most species of
freshwater fish and aquatic birds. The water tested negative for pesticides and lead, and appears
to be relatively free of fertilizer and toxic waste runoff, although the water is slightly acidic and
contains high sulfate levels. Microscopic analysis of a water sample revealed the presence of
synthetic microfibers (Appendix Figures 4.1-4.3), but this is common, if not universal, in water
systems today. Explanation of the various categories tested is as follows.
Dissolved oxygen enters a body of water through the atmosphere or through groundwater
discharge and is necessary for the respiration of aquatic life forms. It is used as one measure of
health of lakes and streams. Oxygen becomes dissolved in water through diffusion from the
atmosphere, aeration, or photosynthesis and supports aquatic plant and animal life. The dissolved
oxygen content is about average for a reservoir (6-10ppm). Six ppm supports fish spawning;
greater than seven ppm supports healthy fish growth; and greater than nine ppm supports
abundant fish populations (Oram 2014), so this looks to be an appropriate oxygen content for the
reservoir. Colder water can typically hold higher concentrations of dissolved oxygen, so the
levels of dissolved oxygen can be seen to increase as the weather gets cooler, although this
pattern does not follow a strict trajectory and can fluctuate, as demonstrated by these results.
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The maximum sulfate level for safe drinking water is 250ppm (Oram 2014). The sulfate
level cannot be measured to a more accurate degree than between 0 and 250 ppm with the
sample kits, but showed a slight increase by the last testing, indicating that the level is around or
above 250 ppm. Sulfate levels higher than 250, as found on November 18th, compounded with a
low pH, indicate the influence of acid rain or acid mine drainage (Swistock 2015). However, the
Reservoir does not contain iron or any of the other tested metals, so the high sulfate levels are
likely due to light acidic rain and runoff from the urban center nearby.
Water pH is a measure of acidity, using the number of hydrogen ions in the water.
Alkalinity is a measure of how basic the water is, using the carbonate and bicarbonate levels in
water. A pH of five indicates a slight acidity; distilled water has a pH of about seven. Most fish
have a blood pH of 7.4 and prefer a range between seven and eight. If the pH drops below five
(i.e., becomes more acidic due to acid runoff), this could be lethal for fish. Therefore, the pH
measured in the Strawberry Mansion reservoir can only support fish that tolerate acidic ranges.
Catfish can tolerate a range between five and seven, and perch prefer a more neutral pH but will
tolerate slight acidity (Wurtz 1992). The acidity of the Reservoir explains the small overall fish
population. The alkalinity of the reservoir was originally 40, then went down as autumn
progressed; alkalinity must be at least 20 ppm for a pond to be productive (Stevens 2009). Ponds
with alkalinity below 20 are also likely to have low fish populations. In conclusion, it might be
beneficial for the Discovery Center to consider adding limestone to the Reservoir in order to
obtain a more neutral pH and higher alkalinity. Further testing throughout the spring and summer
months might reveal simple yearly fluctuations.
The Strawberry Mansion Reservoir has brought in mussels (bivalve mollusks) to purify
the water, in conjunction with the Philadelphia Water Works project and the Schuylkill River
Association. An adult mussel filters ten gallons of water per day, removing excess nutrients,
microscopic pollutants, algae, and bacteria (Kreeger et al. 2018). When this Capstone project
began, there was one bucket containing a hundred mussels; by the completion of the water
sampling in November, this number had gone up to seven buckets. It will be interesting to see
how this changes the water ecology in the years to come. Overall, our tests indicate the
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hydrology of the Reservoir is healthy for its present flora and fauna populations and can support
the introduction of several native species for the construction of an Artificial Floating Island.
Studies indicate that various species of waterfowl react differently to the pH levels in the
lake based on their diet. One significant study observed 212 lakes in Ontario, Canada to
determine the relationship between breeding waterfowl and pH levels, dissolved oxygen carbon
(DOC) levels and fish populations. The study focused on six species of waterfowl and out of
those six, two species are piscivorous (common loon, common merganser) whereas the other
four are insectivores (hooded merganser, common goldeneye, black duck and ring-necked duck).
“The two piscivorous species (loon and common merganser) were associated with large, high pH
lakes containing fish” (Blancher et al. 1992, 59). Conversely, insectivorous species such as
goldeneyes and hooded mergansers were found in greater numbers on lakes with a lower pH and
relatively low fish populations.
When considering the effect of pH on fish, one may also consider the greater food chain
effects on birds (Blancher et al.1992). The pH of 5 measured here could potentially impact food
sources for the common merganser; however, as mentioned above, catfish and perch are able to
survive in slightly acidic conditions. Therefore, the presence of these species and their tolerance
to a lower pH can be seen as advantageous for the foraging of the common loon. Furthermore,
the hooded merganser and wood duck species are independent of the presence of fish populations
and so are not adversely affected by the slight acidity of the reservoir.

Boyette, Loring, Luu, Patodia 16
Proposed Structure of Habitat

Figure 4: Artificial floating wetland habitat design proposed for the Strawberry Mansion
reservoir.

Artificial habitats can be constructed with only a collection of floating plants alone, but
we recommend the construction of a simple wood and wire buoyant structure to hold several
species of non-floating aquatic plants and support the weight of landing water fowl. As seen in
the diagram above (Figure 4), this proposed structure consists of a base made from a wooden
frame, a wire mesh planting bed, and buoyant materials such as recycled PET plastic and
recycled foam. One should always be cautious when introducing human-made materials,
especially plastics, into an ecosystem. In this case, it has been determined that there is no
chemical damage and little possibility of physical plastic pollution as the system is contained
within itself. Below the floating structure, the hanging roots of the plants above create a
microhabitat that will provide homes for algae, bacteria, fish, and amphibians. Above the
structure, a habitat of plant leaves will create a safe space for migratory birds to land and nest
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away from the shore and therefore away from land-based predators (Figure 4). This created
habitat would therefore attract species of migratory birds that would previously not have found a
niche in this reservoir. Below the structure, the root system of the native aquatic plants creates a
niche for underwater organisms such as bacteria, algae, zooplankton, and fish in the eight feet
between the surface of the water and the base of the Strawberry Mansion reservoir. The
introduction and maintenance of new and returning migratory bird species, by creating this new
niche, will increase the biodiversity of the area and provide greater resilience to the aquatic
ecosystem.

Figure 5: Proposed location of AFI at The Discovery Center (not to scale).
Originally, the Capstone group investigated the construction of a shoreline habitat. The
plants discussed for this proposal included Marsh Milkweed, Blazing Star, and Pennsylvania
Sedge, three species that are native to the Philadelphia region and provide support for shoreline
migratory bird species. This plan has shifted to propose a floating habitat that exists away from
the shoreline, centralized in the reservoir; we noted that shoreline aquatic birds are not present in
the reservoir. We propose duckweed, cordgrass, and several reed species as potential AFI plants.
Other potential species are:
● Pickerelweed - flowering- aesthetic value, seed food for waterfowl, attracts pollinators
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● Bur-reed - good for nesting, habitat for insects, food source
● Pennywort - food, shelter for creatures, habitat for fish, aesthetic value
● Common rush - attracts colorful insects, food source, cover and habitat for fish
● Swamp milkweed - attracts pollinators
These are perennial plants that would not require constant re-planting by season and thus limit
human interaction with the habitat.

Limitations and Next Steps
An artificial floating island was created by a previous Environmental Studies Capstone at
Bryn Mawr College and was introduced to the campus duck pond. This project ultimately failed
as a permanent habitat. The structure was not able to survive the winter, and the perennial
species planted were killed by the ice as the pond froze over. Additionally, the plants were
targeted by hungry Canada Geese (Barber 2019). To address these specific concerns, the AFI
proposed at the Discovery Center will be placed in the central region of the Reservoir, which
does not freeze over during the winter. The final plants selected will be chosen to deter geese
from eating them.
A second point of concern is accessibility. The floating habitat will only be accessible by
boat or canoe. This makes observation and maintenance fairly difficult, which is a general
drawback of AFIs. Another drawback is that observation and interaction with the habitat would
deter nesting species and thus reduce the efficiency of the habitat. The construction and planting
of the AFI must occur on hard land before it is introduced to the reservoir.
Next steps for this research include nesting structures such as nesting boxes and baskets,
which would expand habitat for various types of migratory bird species. We chose not to include
these in our present research due to time limitations. Hopefully, future research projects will be
able to continue water testing throughout the year to expand on our limited data set; most
importantly, we hope a future group will construct the proposed Artificial Floating Island and
release it into the Strawberry Mansion reservoir.
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PART 3.1: Interactive and Urban Land-Based Education Literature Review
In order to fully understand how to recommend the most appropriate educational
materials for The Discovery Center, we examined the literature on informal and formal learning
centers, the role of environmental education on community resilience against climate change,
frameworks to guide us through the process of creating these materials, and land-based
education.
Educational initiatives can supplement bottom-up resiliency strategies by reaching out to
the public and making accessible a body of environmental research (Anderson 2013). Museums
and other informal learning centers can provide an effective nexus between academia and the
public, and increasing, at a very base level, public interest in and awareness of science (Eshach
2007). Informal learning is an important concept to define for the purposes of this project; Haim
Eshach (2007), in the Journal of Science Education and Technology, worked towards a
definition of informal learning, stating that informal learning differs from formal learning in
physical characteristics (typically, outside a traditional classroom setting), motivation, interest,
and social context. Two other types of learning broken down in this piece include non-formal, or
learning that occurs in a “planned but highly adaptable manner” (Eshach 2007, 173) within
institutions, and formal learning, which is highly structured learning that takes place in a
traditional classroom setting. Eshach goes on to say that “informal learning is distinguished from
the other two [formal and non-formal learning] by having no authority figure or mediator. The
learner is motivated intrinsically and determines the path taken to acquire the desired knowledge,
skill, or abilities” (2007, 173). Informal learning can also take place spontaneously within family
circles, neighborhoods, or community groups (Eshach 2007, 173).
The benefits to such a learning style include an increase in science enthusiasm and an
“appreciation of its social context” (Eshach 2007, 179). In terms of education as a resiliency
strategy for climate change, some academics argue that prioritizing environmental education can
support sustainability efforts through changing “lifestyles, economies, and social structure” while
also teaching students how to adapt to an uncertain future (Anderson 2013, 193). There is also
evidence that short-term outdoor education can have an impact on an individual’s environmental
perspective (Bogner 2010). To posit this in the context of a space like the Discovery Center,
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members of the public have access to green space within an urban context; experiences are either
self-guided or led by an educator related to the Center, and these experiences fit the
characterizations outlined in Bogner’s piece: “Constructive outdoor ecology education [...]
introduces students to ecological and environmental issues, helps shift the orientation of
individuals, and attaches another piece to the life-long mosaic of actual commitment, which is
important because the current ecological crisis is a crisis of maladaptive behavior” (Bogner 2010,
27). Though Bogner’s final statement about maladaptive behavior is arguably reductive, making
outdoor education accessible is an important aspect of community-based climate resilience.
Green spaces in urban cities also facilitate greater community benefits socially,
environmentally, economically, and in terms of health (Swanwick, Dunnett, and Woolley 2003).
The Discovery Center is located next to the Strawberry Mansion community of Philadelphia;
although this community is threatened by gentrification and municipal neglect of the original
lower-income residents, the community is experiencing a process of revitalization in many
regards. The Center’s open accessibility to the nearby residents helps foster not only a spirit of
community, by providing a space for social events and interactions, but further promotes outdoor
engagement and, as Swanwick, Dunnnett, and Wooley argue, access to a less stressful and
relaxing outdoor environment (2003). The center also provides another space in which the
community can maintain biodiversity, enhancing the urban spaces and attracting visitors and
investment for economic generation (Swanwick, Dunnett, and Woolley 2003). The Discovery
Center is in a great position to make a positive impact on and within this community within these
multitudes, serving as one of its largest and only green spaces available in their urban
environment.
In thinking of methods to create educational materials, the concept of constructivism
becomes useful. Constructivism is one way in which education can occur differently in the
context of informal learning. This focuses on the idea that all learners create links to their current
pre-existing knowledge structures, meaning each person comes to a learning space with
individual experiences (Jeffery-Clay 1998). Through awareness of knowledge constructions,
informal learning centers can better create and relay information in an accessible, meaningful
way including anticipation of potential and different webs of knowledge each individual brings
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with them. Nature centers are one example of an informal learning and green space that can
cultivate understanding of knowledge perceptions to the general public. With this understanding
of the audience members’ experiences, educators can better promote and anticipate connections
between the audience and the information they are trying to relay while allowing them to pursue
information at their own pace and fashion (Housen 1987). Swanwick, Dunnett, and Woolley
argue that green spaces can often be positive features to communities in the sense of
accessibility—they are often free and socially inclusive, contribute to outdoor, imaginative play
for children, and offer environmental education opportunities in urban environments (2003). It is
important to note that this isn’t always the case; many green urban areas serve as actors of
oppression and are inherently inaccessible due to surrounding socio-economic contexts. Some
authors point out that many elites used development efforts, such as that of Central Park, as a
means of controlling lower income communities, driving up property values, and displacing
community members in favor of certain development projects (Smith 2011). In creating relevant
and contextual educational materials for nature centers, more meaningful learning will take place
and reach a larger group of people.
The mentioned self-guided and educator-led experiences facilitated at the Discovery
Center also speak to the known learning benefits of experiential/hands-on learning. Experiential
learning is defined as an idealized learning cycle where “the learner touches all
bases—experiencing, reflecting, thinking, in acting—in a recursive process that is responsive to
the learning situation and what is being learned” (Armstrong and Fukami 2019). In constructing
impactful educational materials, taking and incorporating the practice of experiential learning in
each material will facilitate learning as a process, not in terms of outcomes (Armstrong and
Fukami 2019). Along the same thread of constructivism, experiential learning will allow visitors
to integrate themselves, their knowledge, and experiences with fully engaging with what is
immediately around them. Studies show that visitors will confront what is in front of them based
on their own experiences, appreciating the freedom of being able to structure their own learning
and follow their interests (Housen 1987). This model of learning allows new ideas to be grasped
more concretely, working alongside the more abstract learning methods typically used in a
formal classroom setting (Sternberg et al. 2001). While the Center provides information through
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more formal infographics, experiential learning is facilitated through walking and bird watching
tours, fostering choice within the visitor’s learning paths.
Multiple frameworks for guiding the creation of educational materials, specifically in
informal learning centers, are available for practice. In beginning the process of creating
materials, assessing the audience is extremely important to guide an impactful and relevant
resource for the visitors. While constructivism focuses on the experiences and pre-existing
knowledge of the audience member, there is also importance in understanding the demographics
of visitors to the center. Gathering information of visitor demographics to the center gives insight
into how materials should present information, leading to an appropriate level of material
depending on what, for example, age group is visiting (Housen 1987). Housen gives the example
of visitors enjoying informational pamphlets that they can take with them, though the content of
this informational pamphlets will depend on whether it be for children or adults.
We also researched land-based education systems as part of environmental justice
initiatives involving decolonization. Some land-based education actively disengages from
Westernised, settler-colonialist practices of relating to land as property and space for conquest
and productivity, and instead focuses more on Indigenous-based relations to land (Bang et al.
2014) Literature tended to focus more on formal learning environments, but the principles can
be applied to the informal learning present at the Discovery Center. According to Taylor and
Pacini-Ketchabaw, “in settler colonial societies, the seemingly unremarkable, everyday
business-as-usual of early childhood education remains inadvertently (albeit often unknowingly)
entangled in the social and ecological legacies of colonialism,” (2015). Due to how deeply
entrenched colonialism is in this country, critically viewing how educational initiatives reinforce
this power dynamic is necessary for further building well-rounded and socially conscious
curricula. According to an editorial by Tuck, McKenzie, and McCoy, “it has only been in the last
two decades that settler colonialism has been more comprehensively theorized, mostly via the
emergence of the field of settler colonial studies,” (2014, 7). The authors go on to state that
non-indigenous people living in settler-colonialist societies
“do not consider the fact that they live on land that has been stolen, or ceded through
broken treaties, or to which Indigenous peoples claim a pre-existing ontological and
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cosmological relationship. They do not consider themselves to be implicated in the
continued settlement and occupation of unceded Indigenous land. Indeed, settler colonial
societies ‘cover’ the ‘tracks’ of settler colonialism by narrating colonization as
temporally located elsewhere, not here and now” (2014, 7).
As climate change continues to be a looming threat, incorporating environmental justice
into education becomes more critical, as does land-based science education research. Bang et al.
state that “Indigenous scholars have suggested that moving toward educational
self-determination requires the reclaiming, uncovering, and reinventing of our theoretical
understandings and pedagogical best practices,” (2014, 39). Land-based education directly
contradicts and disrupts “zero-point epistemology,” a pedagogical perspective that erases other
valid perspectives through “theo-politics and ego-politics of knowledge” (Bang et al. 2014, 41).
Experiential, situated, and contextualized education is a crucial aspect of environmental
education initiatives; as Bang et al. state, “being in the world gives form to children’s learning
and development—that is, people are continually coming into being through experiences.
Individuals that have experiences or engage in practices in which place is a backdrop tend to
reason anthropocentrically and view humans as separate or as different from the rest of the
world,” (Bang et al. 2014). Some of the ways settler-colonialism is reinforced in scientific
education is through the teaching of terms like that of invasive species, where the movements of
these species are not explored with nuance, leaving out important details about how many plants
were brought over with colonizers to make the “new land” more like home (Bang et al. 2014).
This ties into some of the discourse around the language of “natural” or “wild” ecologies
juxtaposed with the language of “artificial,” “built,” and “unnatural.” William Cronon, a
renowned ecological author, writes on this in The Trouble with Wilderness, arguing that
wilderness itself is a social construct, and this construct has been used by varying actors with
varying agendas over the course of Western history (Cronon 1995). Bang et al. promotes a
similar argument, explaining “we suggest that taking anthropocentrism as a universal
developmental pathway privileges settler colonial relationships to land, reinscribes
anthropocentrism by constructing land as an inconsequential or inanimate material backdrop for
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human privileged activity and enables human dislocation from land,” (Bang et al. 2014). Many
representations of ecosystems in educational curricula exclude the human, furthering the idea
that humans are separate from nature. Moving away from this and into land-based education can
aid in better equipping students to be more mindful about the space they inhabit, which is
especially crucial in the context of climate change. Bang et al. continue, “urban land-based
education helped us build toward viable futures of robust indigeneities of survivance and
sovereignty of lived lives and Land reclamation,” (2014).
Alongside the demographics and idea of constructivism, understanding the contextual
model of learning (similar to the idea of learning paths) each individual may be taking when
visiting the Discovery Center is an important consideration to creating educational materials. In
considering what learning context each individual may choose to take with while visiting the
center, an additional understanding of how to frame materials can be formed. The three
contextual models of learning are personal, sociocultural, and physical (Chi-Chin 2004). The
personal context involves understanding what motivation and expectation individual’s have
before their visit to the museum. This relates to constructivism, accounting for motivations but
also prior knowledge, interest and beliefs, and choice and control of the individual. Because the
Discovery Center attracts individuals from different backgrounds and ages, the information
presented will need to be framed in ways that have the ability to benefit all. Sociocultural context
discusses how exactly the information is mediated; information and lessons can be mediated
within a group or through facilitation by others (Chi-Chin 2004). The Discovery Center, like
many informal learning centers, offer opportunities for these different mediations of learning to
take place. Individuals may prefer being taught by perusing through material themselves at their
own pace or with the facilitation and guidance of a guide at the Center. Lastly, the physical
context focuses on design and reinforcing events and experiences outside the museum (Chi-Chin
2004). This reintroduces the benefits of hands-on learning by creating an experience for
individuals that will take them beyond the confines of the informal learning center (Armstrong
and Fukami 2019). By creating a physical space in which individuals can fully immerse and
experience what is around them is what will create the most impactful and beneficial learning
environment.
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The frameworks found in the literature provide potential strategies for organizing the
process of educational materials creation. When an understanding of the audience that will be
interacting with the materials has been developed, it is possible to move into figuring out what
the core issue or topic is (Chi-Chin 2004). The purpose and rationale behind each material
produced must be determined early; this will guide how the information will be presented,
whether it be an infographic that is read, a self-guided tool with worksheets or earphones, or a
guided lesson. The provision of labels and explanatory texts are created at this stage as well,
utilizing the information about the audience and promoting the goal and purpose of each material
created.
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PART 3.2: Means and Methods of Education Component
The process of creating educational materials began with research on frameworks and
approaches proven to be effective, specifically in informal learning centers. There were many
similarities and common practices such as the importance of understanding who the audience
would be and what information they would be bringing with them. We found that most visitors
come from the Philadelphia area, primarily in school-groups or with family (parents and younger
children), by going through logs in the guestbook and asking the employees.
Many frameworks provided a timeline of creation that we utilized as well; the
commonalities between each framework proved these methods impactfulness in being practiced
so often in the literature. We developed a general rationale and purpose for each material that
would be created to solidify who exactly the educational material would be for and what
information we felt was most important to relay. The “storyboard” method was utilized as a
framework to organize the information that we hope to present. The storyboard method identifies
the core purpose of the material, further mapping out the language and form that would be most
efficient in presenting new information. This method forces a fully fleshed out, detailed, idea to
account for how the audience will be reacting and absorbing the information.
We developed different forms of educational materials after solidifying the theoretical
approach and framework that would be most helpful. We looked to the Discovery Center to
understand how the Center has historically displayed its information to the visitors. The Center
has an area in which visitors could peruse and learn more about things like the reservoir, the
general history of the reservoir, and migratory birds that visited. We also examined examples of
educational materials from the Global Learning and Observations to Benefit the Environment
Program (GLOBE), an international science and education program. GLOBE offers examples of
curriculums and educational materials that have been created by educators all over the world.
These two concrete examples of materials guided our vision alongside the literature on
frameworks and theories of how to create impactful materials.
Canva, an online and free graphic design tool, was the platform with which we created
the infographic materials. Canva was chosen because of its existing templates and accessible
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platform to newtime graphic designers. The templates also align with the sorts of infographics
that the Discovery Center currently has; this will help us keep in line with the precedent that the
Center has already set. We took examples of materials for younger children, such as coloring
pages, from GLOBE as a model for a more interactive activity to engage the children.
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PART 3.3: Results of Education Component
The results for the education component of this project have primarily been informed by
the literature review, the greater context of the Strawberry Mansion community, the current
educational initiatives of the Discovery Center, and curriculum suggestions from GLOBE. Due
to the circumstances of the Discovery Center and its mission, keeping any educational materials
in line with the informal and experiential learning already present in that space is important. We
recommend implementing two main groups of materials: (1) materials for younger children that
include coloring pages and sensory-based mindfulness activities that engage the built habitat
space (See Figure 6) and (2) portable infographics for family or individual use that can be taken
out onto the Discovery Center’s trail (See Figure 7). The details about these materials and the
impetus behind them is discussed further in the next section.

Figure 7: a coloring page that allows the user to openly and creatively engage with the concept
of built habitats
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Figure 7: an example of a potential infographic that explains the concept of a built habitat while
engaging readers in their surrounding environment through mindfulness-based activities (See
Appendix 1 for more details).
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PART 3.4: Discussion of Results for Education Component
The process of creating educational materials was and continues to be developed from the
existing literature around environmental education. We utilized GLOBE as one of the main
frameworks for inspiration while creating concrete curriculum tailored to the Discovery Center.
Per GLOBE’s website, the vision statement is as follows: “a worldwide community of students,
teachers, scientists, and citizens working together to better understand, sustain, and improve
Earth's environment at local, regional, and global scales.” The mission is stated as: “to promote
the teaching and learning of science, enhance environmental literacy and stewardship, and
promote scientific discovery.” This directly related to the goals of the Discovery Center, so
special attention was paid to the pedagogy presented in GLOBE’s educational materials.
We created a portable infographic for individuals that could be taken out on the trail for a
multitude of reasons. The trail is currently about a ¾ mile long walk and is where individuals
will be spending much of their time, outside the floating classroom. Individuals with different
preferred learning paths will have the freedom to choose how they peruse information with the
infographic. Individuals can decide what they would like to read more about as they make their
way through the trail and what they would like to ignore. The infographic style was chosen
because it presents information more accessibly by reaching a greater learning audience.
Individuals can learn new material in a more digestible way with the usage of more photos, blurb
texts, and diagrams. Similarly, we planned to provide younger-level educational materials that
are sensory-based to go along with the infographics. Hands-on learning is one of the best options
for promoting better connections between people and information. For children, a block of text
may not be the best way for them to see and absorb new material. Instead, asking questions about
what is around them, what they hear and smell, would allow them to engage and interact with the
environment differently. Because the Center mostly receives families with younger children from
the community, we decided to focus on creating things that would benefit this audience first as
our models and examples. We are basing some of our coloring page ideas off materials found
under GLOBE’s Water module via their website (Figure 5 in the Appendix).
The Strawberry Mansion Community also remained a center of focus through this
research. The reservoir has a long cultural history with Strawberry Mansion; the
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municipally-driven fencing off of the reservoir in the 1970s led to feelings of loss in terms of
ownership, community, and way of life (Vuocolo n.d.). Prior to the construction of the Discovery
Center, an article was published in the Civic Commons of Philadelphia describing the project
and interviewing residents about their feelings towards this redefinition of the space. It described
the closure of the reservoir to the public as coming “around the same time that Strawberry
Mansion began to feel the combined effects of increased crime, deindustrialization, and the
decline of its shopping districts. Yet for many, a strong sense [of] community persisted,”
(Vuocolo n.d). This context makes the work of the now up-and-running Discovery Center
important, since the land itself holds deep historical meaning. This ties into why the research into
place-based or land-based education was a critical component for recommendations around
educational materials; the reservoir itself was built on stolen land, and after another marginalized
group found refuge and home there, it was stolen again. Keeping this idea of space and place at
the foundation of any suggested initiatives not only retains the mission of the Discovery Center,
but engages with local history.
The proposed materials themselves transform ideas about “artificial” habitats and the role
of humans in larger environmental contexts. The distinction between “natural” and “artificial” is
less clear-cut than it is often presented and retained in a broader social consciousness. As
William Cronon (1995) discusses in The Trouble with Wilderness, the idea of “wilderness” is
socially constructed and has held different meanings to different groups over time. In many
ways, we see ourselves as distinctive from nature and the land itself, which has proven to hold
dangerous consequences. Bang et al. (2014) and other Indigenous authors contributing to land
education scholarship argue that “the receding of place is only the case if we maintain
anthropocentric forms of being in which all other forms of life are relegated to the back drops of
human existence or as resource,” (Bang et al 2014). The materials address what a built habitat is,
the role of humans within environmental systems, while facilitating engagement with the
reservoir itself through guided sensory questions. These components add a more nuanced
understanding of land and place in the context of climate change. Whatever recommendations we
made for educational initiatives that partnered with the artificial habitat space had to retain some
of these crucial aspects of environmental education (land-based, experiential, reimagining the
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role of human relationships to the non-human world, etc.). The ongoing development of these
materials continue to be influenced by the work of GLOBE and environmental education
literature. Effective education techniques in an environmental context serve as important
resiliency strategies, especially because of the changing planet to be inherited by younger
generations. Promoting nuanced views of the environment and our relationship to it, even on a
smaller, local scale like the Discovery Center, better prepares learners for uncertain futures
(Anderson 2013).
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PART 4: Conclusion
This Capstone project represents a combination of on-site components such as water
testing, observation, and communication with off-site research on species composition, water test
results, and educational methods to provide a comprehensive baseline of data and information for
artificial habitat creation. It serves as a backdrop for construction recommendations and methods
to both expand the habitat diversity on the reclaimed reservoir space and develop further
educational outreach efforts by the Philadelphia Discovery Center. The results and discussion
above contribute to a wider body of research in Mid-Atlantic reservoir ecology, migratory bird
wetland habitat construction, childhood outdoor education systems, and experiential learning.
The systems proposed in this Capstone have immediate application in the Discovery
Center, but can be easily transferred to other habitats and nature centers, both in the greater
Philadelphia area and, with modification, across the country. The educational materials can also
be applied in other informal learning centers, with the same methods and considerations taken in
producing the materials for the Center.
Parts of this project can be continued as research studies at the Discovery Center site.
One of the major limitations of the project was the short time scale. Because the water testing
was only conducted in the months of October and November, only autumnal bird species and
weather conditions were measured. These conditions would change dramatically across the
seasons, and it would be beneficial to use the data collected here as the beginning of a holistic,
year-long study of the site. We also recommend the exploration of nesting structures such as
nesting boxes and baskets, as they would be beneficial to the success of waterfowl clutch sizes
and contribute towards their nesting habitat. Additionally, the educational research provides a
wide range of background for pedagogical study. Feedback from the Center after implementation
of the materials created here would allow further participants in this research to modify them
based on the reaction of local students. Finally, this entire process, beyond Bryn Mawr and
Philadelphia, sets up a manual of techniques for outdoor research and habitat construction that
will become increasingly important as biodiversity becomes increasingly at risk across the world.
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Figure 8: photo of the sign outside the reservoir that labels The Discovery Center as an
Important Bird Area (IBA), the first of its kind in Philadelphia.
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PART 6: Appendix of Figures
Appendix 1.1: Example of an educational infographic created using Canva
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Appendix 1.2: the second half of an educational infographic created using Canva
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Appendix 1.3: a second page of the infographic that contains sources for further reading

Appendix 2: Example of an infographic currently in place at The Discovery Center

Boyette, Loring, Luu, Patodia 42

Appendix 3: Original plans of an artificial shoreline at The Discovery Center before establishing
the AFI as a more appropriate direction to take.

Appendix 4: Microscopic Water Analysis, November 21, 2019.

4.1 Diatom 1

4.2 Diatom 2

4.3 Synthetic Microfiber (center)
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Appendix 5: an example from GLOBE’s Water Module (via their website) for coloring-based
educational activities
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Appendix 6: Vegetation zones and geographical area of the Strawberry Mansion Reservoir.
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Appendix 7: Water oxygen result comparison to standards

Appendix 8: Supplies used for water testing

