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Introduction

Trees are essential to urban ecosystems, providing shade, improving air quality, supporting
biodiversity, and enhancing the overall environmental health of cities (Woodward et al. 2023);
maintaining healthy trees is critical for sustaining these ecosystem services, especially in urban areas
where they face pollution and habitat fragmentation. Tree health can be monitored by testing soil
nutrient content, conducting health assessments, and observing the arthropod abundance and
species diversity present within the trees (US EPA et al. 2024). Informing people on the importance of
trees and continuing to conduct these metrics to observe and maintain the trees’ health is essential

Soils are also important for ecosystems for nutrient cycling and supporting plant growth.
However, soil quality can suffer in cities due to pollution and a lack of nutrients. The soil's chemical
composition, specifically the pH, nitrogen, phosphorus, and potassium levels, impacts tree nutrient
uptake and physiological processes related to the tree's health. For instance, the soil's pH influences
plant's abilities to absorb nutrients (Gentili et al. 2018), nitrogen supports the leaf and shoot
development of plants (Zhang et al. 2018), phosphorus contributes to root and the overall growth of
trees and plants (Zhao et al. 2023), and potassium regulates their water balance and disease
resistance (Xu et al. 2020).

Arthropods like ants, beetles, and spiders are among the most abundant and diverse organisms
associated with trees, using trees as habitats, feeding sites, and breeding grounds. Their presence,
diversity, and abundance can function as bioindicators of the trees’ and environmental health (Sollai
et al. 2024). A decline of arthropods would be influenced by a reduction of food availability, poor tree
health, or other ecosystem-wide factors (Sollai et al. 2024).

This project investigated these relationships at three sites within the Bronx Zoo, combining soil
chemistry analysis with tree health metrics and conducting arthropod abundance surveys to identify
potential associations and assess the utility of arthropods as bioindicators in an urban ecological
context. This research also promotes conservation and better management of urban green spaces.

MEthO dOlOgy 6. Crown Transparency

4. Fine Twig Dieback

Tree Health Metrics:
Using the citizen science application, Healthy ?‘
Trees, Healthy Cities, three sites were selected A 2. Leaf

based on level of public activity. Each site was Discoloration

visited three times throughout the four-week 3 leaf
study period to analyze the health of trees, '
arthropod abundance, and soil quality. Tree
Health was assessed using protocol from the
Healthy Trees, Healthy Cities project. A total of
15 trees were assessed at each site. A
coordinate plane that was 16 x 22 meters was

Defoliation

Abstract

The health of a tree is a determining factor of a healthy ecosystem and environment. Humans and
wildlife, alike, rely on healthy trees to live a healthy life. This project is concerned with researching
tree health in relation to arthropod abundance and soil quality. Crown vigor scoring was used to
regulate overall tree fitness, beat sheets to identify and count arthropods, and soil testing kits to
determine soil quality. It was found that a desirable soil quality is associated with a healthy tree and
high arthropod abundance. This indicates soil is a deciding factor for a biodiverse and sound
ecosystem.

Research Questions & Hypotheses

Research Question 1: How do soil properties and quality relate to tree health indicators within the Bronx Zoo?

Hypothesis 1: Tree health will be at its highest at a balanced soil pH (6-7), with poorer health at lower or higher
pH, because most tree species have the best nutrient uptake within this range, and more acidic or basic soil levels limit
nutrient availability and can become toxic to those trees.

Hypothesis 2: Lower nitrate and phosphorus levels will be associated with poorer tree health, because nitrogen
supports leaf and shoot growth, and phosphorus promotes root development and overall plant vigor. Any deficiencies in
either chemicals would limit overall growth within the plants.

Hypothesis 3: Lower potassium levels will be associated with poorer tree health, because potassium is known for
regulating water balance, and disease resistance, making it important for plants to adapt effectively in urban
environments.

Research Question 2: How do tree-associated arthropod community factors relate to the same tree health indicators?

Hypothesis 1: Higher arthropod abundance and species richness will be associated with a healthier tree because
healthier trees would be able to support and contain a larger number of insects.

Results & Figures
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Beat Sheet

tested 2 times u sing Aldon and LaMotte testing 1. Tree species, based on leaf definition & shape using iNaturalist, the Trees of New
kits. These two tests were used to ensure York Field Guide (Tekiela 2022), and NYC Parks leaf identification sheet.
accuracy. 2. Discoloration - Visually examining the leaves and comparing their color to that of a

healthy tree of the same species noting areas that appear yellow, brown or lighter than

Arthropod Methods:
Arthropod diversity was assessed using beat
sheet survey methods as outlined by Caterpillars

normal.

3. Leaf defoliation - Estimating the amount of holes in the leaves or missing sections

Count protocol. The protocol would be using a due to arthropods or other factors.
sheet held under a tree’s branch, and “beating" 4. Fine twig dieback- Estimating the percentage of dead branches on a tree which
the branch a multitude of times, we then analyze indicates a decline in tree health.

the arthropods that fall onto the beat sheet,
count and identify them to an order level.
Arthropod length is then measured by estimating

5. Crown vigor- Combining (add) the percentages and finding a total measure of overall

tree health based on fine twig dieback, leaf discoloration & defoliation. Class 1 is

the length of the abdomen in millimeters. The indicative of great health while Class 5 acknowledges the tree is dead.
leaf size and number of leaves on the tree is 6. Crown transparency- Estimating the percentage of the skylight that can be seen
measured in centimeters. Herbivory from through a tree’s crown by standing underneath the tree and looking up.

arthropods is estimated by counting the number
of leaves on the tree's branches that have holes
in them from arthropods eating them.

7. Diameter at Breast Height (DBH) of trees, measured in meters using transect tape.
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equal parts of crown vigor scores of 3 and 4.

Figure 3: A crown vigor of 4 was most frequently identified at Asia
Parking. The Education Center had equal parts of crown vigor scores of 3
and 4 with a small percentage pertaining to 2. The Riverwalk also had

Discussion

The findings supported hypothesis one, as tree health was generally high where soil pH
was within the predicted optimal range. Across all three Bronx Zoo sites, pH values ranged
from 6.5 to 7.5. This suggests that soil pH was not a limiting factor for tree health in this study.
Hypothesis two was also supported. Nitrate and phosphorus levels were deficient across all
sites, and majority of trees displayed moderate crown vigor scores (3-4) rather than the
highest score. Trees with lower vigor scores were relatively rare, but their occurrence in
nutrient-deficient areas suggests that nitrate and phosphorus shortages may constrain tree
growth and physiological function. However, hypothesis three was not supported, as
potassium was abundant in all soil samples, but there was no clear association between
potassium levels and tree health. This likely reflects the fact that potassium availability was
already above the threshold needed for tree function, making it a non-limiting nutrient under
the conditions measured.

The hypothesis for arthropods was partially supported. A total of 187 arthropods were
collected using the beat sheet method, with spiders and beetles being the most common
groups. The herbivory percentages of the trees provided an indirect link, specifically survey
codes with lower herbivory (<10% leaf area removed) typically had higher arthropod richness
(5-7 taxa), while codes with higher herbivory (>15%) tended to have fewer taxa (often fewer
than 4). This pattern suggests that healthier trees may support more diverse arthropod
communities.

However, the relationship between arthropod abundance and tree health appeared more
complex. Some trees with higher herbivory still had moderate arthropod abundance,
indicating that abundance alone may not reliably signal tree condition. Environmental factors
such as temperature, rainfall, canopy cover, and closeness to human traffic may also
influence arthropod activity and detection rates.

These results emphasize the role of soil nutrient deficiencies, particularly nitrate and
phosphorus, in influencing urban tree health, and suggest that arthropod community richness,
rather than sheer abundance, may be a more consistent indicator of tree condition. Future
studies could incorporate ammonia testing to better characterize nitrogen availability (Gentili
et al. 2018) and use environmental DNA (eDNA) to profile soil microbial communities (Ariza et
al. 2022). Employing advanced statistical analyses in R would also allow for more stronger
modeling of the combined effects of soil chemistry, arthropod metrics, and environmental
variables on tree health (Gao et al. 2025).

Image 1: Research Team conducting Arthropod Image 2: Research Team conducting chemical tests on the
surveys using Beat Shee Method soils looking at on pH, Phosphorus, Potassium, and Nitrate
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