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The urban heat island effect results from an increase in 
heat energy in metropolitan areas compared to rural areas 
due to the high concentration of people, cars, and buildings 
in cities (6). The impact of an increase in temperature may 
vary between different plant species. In certain species, 
life cycle stages are determined by temperature, although 
light availability determines these same stages in others 
(7). Therefore, we predict that, due to the temperature 
increase from the urban heat island effect, the plants within 
the phenology trail will express different phenophases than 
typical members of their species.

This project sampled thirteen plant species that can be 
found within Central Park in New York. The species chosen 
for this project were the American yew (Taxus canadensis), 
ostrich fern (Matteuccia struthiopteris), common jewelweed 
(Impatiens capensis), Christmas fern (Polystichum 
acrostichoides), tulip tree (Liriodendron tulipifera), sassafras 
(Sassafras albidum), northern maidenhair fern (Adiantum 
pedatum), American holly (Ilex opaca), American pokeweed 
(Phytolacca americana), staghorn sumac (Rhus typhina), 
American common reed (Phragmites australis subsp. 
americanus), spotted lady’s thumb (Persicaria maculosa), 
and Japanese maple (Acer palmatum). All but P. maculosa 
and A. palmatum are native to New York, meaning that the 
monitored P. maculosa and A. palmatum could have been 
cultivars that were planted in Central Park (8-10).

We posted photographs of the plants to iNaturalist, a 
website that allows observations and research to be shared 
amongst a social network of naturalists, citizen scientists, 
and other interested parties. iNaturalist utilizes photographs 
and descriptions provided by citizen scientists or naturalists 
to identify and monitor species around the world. This was 
incredibly useful for this project, as it allowed for effective 
data recording with species inquiries, observations, and 
locations around the Central Park Pond. Several of our 
photographs that were posted to iNaturalist have since been 
given the “Research Grade” status, confirming their species 
identity for our project and also allowing other scientists or 
citizen scientists to use them in their own research projects. 
Although we effectively sampled and collected data from all 
thirteen species, we were not able to definitively determine 
the identity of every species because of sequencing errors 
that most likely resulted from human error.

This project established the first phenology trail around 
The Pond in Central Park by collecting data on the phenology 
of thirteen plant species in the area. We aimed to ensure 
the continued use of this data by researchers and citizen 
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Phenology is the study of how seasonal variations 

and other environmental changes affect living organisms. 
Changing conditions affect the appearance of an organism 
and how it interacts with its environment. Biologists utilize 
phenological methods to observe the effects of such 
environmental changes on the natural world. Knowing 
about and observing such changes could help gather vital 
information that could impact environmental decision-
making on local, national, and global scales. Phenology 
trails contain various organisms within their borders, which 
can be observed repeatedly in the same locations in an 
attempt to discern changes in the species (1). Since the 
eighteenth century, scientists and non-scientists alike have 
used phenology trails to observe and document the same 
organism over long periods of time (2-4).

Central Park is located in a metropolitan area that is known 
to be 2 to 3 degrees hotter than surrounding rural areas due 
to the urban heat island effect, creating a microclimate (5). 
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trail. We isolated DNA barcodes from thirteen leaf 
samples by  performing DNA extraction, PCR, and 
gel electrophoresis, before sending the samples 
for sequencing. We created an online map of our 
phenology trail using the program iNaturalist so 
that said map may be used by future researchers 
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phenophases of the thirteen plants we studied would 
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effect.
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scientists alike. Over the course of this project, we found that 
eight of our study plants exhibited phenophase differences 
from expected trends over the eight month (October to 
May) study period. However, we were unable to definitively 
connect the impact of the urban heat island effect to these 
differences.

RESULTS
In order to identify our species, we collected DNA 

samples from the leaves of thirteen plants for DNA barcoding 
analysis. We were only able to collect samples from ten of our 
thirteen plants, of which only seven were successfully sent 

off to Genewiz for sequencing, as the samples of I. capensis, 
S. albidum, P. australis subsp. americanus, and P. maclosa 
repeatedly failed to complete gel electrophoresis and the 
samples of P. acrostichoides and I. opaca did not undergo the 
extraction, PCR, and gel electrophoresis processes at all due 
to a lack of time for sequencing their DNA (Table 1). Some, 
such as M. struthiopteris and P. americana, were positively 
matched to the expected genus and species, while others, 
such as L. tulipifera and P. australis subsp. americanus, were 
only matched to genus level after sequencing, necessitating 
a search for visual clues in order to determine the exact 
species of the plants (Figure 1, Figure 2). Due to a handling 
error, the original sample of R. typhina was contaminated with 
fish DNA from a concurrent student project and was returned 
as Scomber scombrus, the Atlantic mackerel (Figure 3). 
In addition, due to another handling error that resulted in 
some of our samples being identified with the incorrect 
sample codes, we were unable to match sequencing results 
to the samples of T. canadensis, A. pedatum, R. typhina, 
and A. palmatum. Because of these errors, we identified 
these species through visual identification to compare the 
phenophases of our monitored plants and those of typical 
individuals of their species.

In addition to our DNA samples, we collected a series 
of photographs of each of our study plants, comparing 
each new photograph to previous ones to observe 

Figure 2. Example nucleotide BLAST for M. struthiopteris (DNA Subway (11)).

Figure 1. Example nucleotide BLAST sequences for four study 
plants (OF - M. struthiopteris, PB - P. americana, SC - R. typhina, 
TT - L. tulipifera) (DNA Subway (11)).

Table 1: Master table of species identification (visual and DNA) 
and DNA sequences
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phenological changes. From this data, we determined that 
the phenophases observed in eight of the thirteen target 
plants over the course of this eight-month study showed 
some deviations compared to those seen in the typical plants 
(Figure 3). The monitored P. acrostichoides, despite being 
an evergreen fern, had a brief period of decay in April, likely 
due to a thick layer of snow cover during the preceding March 
(Table 2) (17). The monitored L. tulipifera possessed leaves 
through December and did not possess any flowers during 
May, despite leaves typically being lost by December and 
flowers typically appearing during May (18). The monitored 
A. pedatum did die back in the winter, as is typical for the 
species, but never returned in the spring, possibly due 
to the removal of the plant by Central Park staff (20).  The 
monitored P. americana continued to possess leaves through 
December before finally going dormant in January, despite 
the dormancy period typically starting in November (22). The 
monitored R. typhina continued to possess leaves through 
November despite leaves typically being lost during this 
month (23). The flowers on the monitored P. australis subsp. 
americanus were still growing in October, despite flowers 
typically disappearing by September (24). The monitored 
P. maculosa continued flowering through December and 
failed to bud in March, when flowers typically disappear in 
November and budding typically starts in March (9). Finally, 
the monitored A. palmatum possessed leaves through 
January and possessed flowers in May, despite leaves 
typically being lost by December and flowers typically not 
appearing until June or July (Table 3) (10). Although some 
of these deviations, such as those exhibited in the monitored 
P. acrostichoides and A. pedatum, are most likely the result 
of individual variation, others, such as those exhibited in the 
monitored L. tulipifera, P. americana, R. typhina, P. australis 
subsp. americanus, P. maculosa, and A. palmatum, suggest 
that the monitored plants within Central Park are exposed 
to conditions that impact which phenophases they express, 

although the specific identity of the environmental conditions 
that cause these phenophase changes remains unknown.

DISCUSSION
Although there are noticeable differences among the 

phenophases of our study plants from typical trends, there 
are not enough to say for certain whether these deviations 
are caused by the urban heat island effect. Some of our study 
plants, such as T. canadensis and M. struthiopteris, showed 
similar phenophases to those seen in typical members of 
their species, as their needles and fronds remained intact 
throughout the year (12-14), while other species, such as 
P. americana and P. australis subsp. americanus, showed 
some phenophase differences in regard to a dormancy 
period lasting from April to early May instead of from 
December to early May and atypical presence of flowers 
through early November, respectively (22, 24). Deviation 
between phenophases was more common during changes 
between seasons, such as the transition between fall and 
winter (October/November to December) and the transition 
between spring and summer (April to May), which are also 

Figure 3. Phenophase comparison between typical trends and 
the observed phenophases during the course of the study.

Table 2: Monitoring chart for P. acrostichoides

Table 3: Monitoring chart for A. palmatum
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the periods during which the average temperature in Central 
Park tends to decrease and increase the most (Figure 3) 
(25-27).

The results of this study are significant since they are 
part of the first phenology trail in the Central Park area. This 
data can be used in the future to provide information about 
the status of these plants in the park at specific times and 
under specific conditions, which could be helpful for future 
environmental decision making. This data and all future data 
gained from this trail will continue to be used by researchers, 
citizen scientists, and Browning School students to observe 
the phenological changes on this trail long after the end of this 
study. In addition, several of our iNaturalist photographs have 
since been given the “Research Grade” status, confirming 
their species identity and also allowing other scientists or 
citizen scientists to use them in their own research projects.

Future studies that could originate from this project 
include a continued study of this phenology trail. After the 
end of this initial study, the phenology trail will remain intact 
and online for future use. Some experiments that could result 
from this trail include taking temperature recordings from the 
monitoring sites, which could help determine the impact of the 
urban heat island effect on phenological trends, or studying 
the impact of changing environmental characteristics on 
new and old growth plants. Other future experiments could 
include observing multiple members of the same species to 
determine whether or not environmental changes affect all 
individuals of the species in the same way or looking into 

various other factors, such as soil quality or access to water, 
to determine their impact on the observed phenophases. 
In addition, a complete year-round study of the trail could 
help determine whether the urban heat island effect has a 
stronger impact on the plants during certain months of the 
year, as this initial study did not collect observations during 
the summer months and had few monitoring periods during 
the months of October, December, February, and March. 
One limitation of this study that could be rectified by future 
experimentation is that the data on typical phenophases was 
not collected from the same time that the monitored plants 
were being observed. A future study could monitor individuals 
of the same species both on and off the trail at the same 
time in order to better determine differences between the 
monitored and typical phenophases. A final potential future 
study option could be the creation of further phenology trails 
in Central Park or in other areas of New York, such as Black 
Rock Forest, an area that is not influenced by the urban heat 
island effect, which could help determine whether or not the 
changes seen in this study are a result of the impact of this 
effect. These future studies are of extreme importance, as 
the results gained from them may help determine the effects 
of climate change on these and other species and may 
enable scientists to catch the early signals of these drastic 
effects and attempt to adjust policy accordingly.

MATERIALS AND METHODS
Thirteen species were selected along the trail surrounding 

the Central Park Pond, New York (Figure 4). The species 
were chosen based on their location and in order to have 
representatives of many different plant families. After being 
chosen, the species were visually identified by comparing 
images of the species to plant images collected by online 
databases such as iNaturalist and Nature’s Notebook in 
order to find a match. The species ID was confirmed through 
iNaturalist with the help of scientists on the platform. Each 
plant was monitored as often as possible over a period of 
eight months, from October to May. Initially, the plants were 
monitored every two weeks, but monitoring sessions became 
weekly in April, as spring had begun and we wanted to see 
the rapid changes in each plant species. Each observation 
period consisted of measuring the height, width/diameter 
(taken at the widest part of each plant, including foliage), 
leaf number, phenophase, and any additional observations 
(Table 2, Table 3) (Figure 3). Species were photographed, 
and the data was recorded within the iNaturalist project 
“Central Park Pond Phenology Trail.” This data was then 
compared with typical phenophases of the species, which 
were determined through data from outside researchers of 
various universities or organizations, in order to see how the 
phenophases of the monitored plants differed from typical 
trends. Physical samples of the plants were collected with 
permission from the Parks Department. A small piece of a 
leaf from each species was collected and placed in a plastic 
bag. The samples were refrigerated in the science lab at the 

Figure 4. Map of the phenology trail around the Central Park 
Pond in New York (Green markers represent sample locations) 
(AY - T. canadensis, OF- M. struthiopteris, CJ - I. capensis, CF - P. 
acrostichoides, TT - L. tulipifera, SF - S. albidum, N- A. pedatum, 
AH- I. opaca, PB - P. americana, SC - R. typhina, SPL - P. maculosa, 
JM - A. palmatum, PH - P. australis subsp. americanus) (Google 
Maps (28))
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Browning School. 
The DNA was extracted and amplified following the PCR 

protocol outlined in the DNA Learning Center procedure, 
using the DNA Learning Center Barcoding Procedure Ready 
To Go PCR beads and rbcL primers, as rbcL is a gene found 
in the chloroplasts of most photosynthetic organisms (29-30). 
These samples were then loaded into a gel machine, and 
the resulting gel signatures were analyzed in order to ensure 
that the rbcL gene necessary for the DNA barcoding of these 
samples was present (see for an example gel Figure 5). 
Once the analysis was complete, the barcodes were sent 
to GeneWiz for sequencing, and DNA Subway was used to 
identify the species (11). The DNA barcodes were planned 
to be published to GenBank, but, due to the lack of accurate 
barcodes, none of them were sent for publishing.
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