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Abstract 

Tropical restoration is becoming increasingly important as a worldwide effort to mitigate habitat 

loss and degradation. An understanding of the biotic and abiotic factors that shape patterns of 

diversity is essential to guiding effective efforts for restoring biodiversity. The Chocó is a highly 

biodiverse, yet poorly studied forest system in northwestern South America, with very little 

original habitat remaining due to high rates of deforestation in this region. This paper presents 

findings from a preliminary investigation of the species diversity index to assist a local 

organization, Fundación para la Conservación de los Andes Tropicales (FCAT), which was 

undertaken to assist with its botanical inventory and habitat restoration work. More particularly, 

the research focused on relating patterns of plant diversity to abiotic environmental variables. 

While assisting Dr. Ricardo Perdiz and the FCAT team with plant identification and mapping in 

a 125 x 125 m parcel of intact primary restoration rainforest on the FCAT Reserve, I collected 

data on soil type and pH, slope, and diameter at breast height (DBH). Through my analyses, I 

examined associations between these abiotic variables and plant species richness and conclude 

that soil type and slope were closely correlated with species abundance and diversity. Although 

soil pH fluctuated with soil type, there was no association between species richness and soil pH, 

perhaps due to a small sampling effort of pH relative to plot size. Overall, abiotic factors 

influence species richness and should be prioritized in future studies to both improve biological 

restoration efforts and to understand basic patterns of biodiversity. 
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Introduction 

Reforestation practices are at the forefront of conservation efforts due to the wide-scale 

impacts humans have had on the degradation of ecosystems, global climate change, and 

loss of biodiversity (Diaz et al., 2019). Restoration practices can help to counteract some 

of those negative impacts, effectively resulting in the removal and storage of carbon, and 

reducing island effect consequences (Mir et al., 2022; Strassburg et al., 2020). The global 

imperative for nations to mitigate the human consequences of deforestation and 

desertification has been actively promoted by the United Nations General Assembly 

(United Nations, 2019).  To that end, they have declared that this decade (2021-2030) is 

the period for restoring ecosystems (United Nations, 2019). Since that pivotal declaration, 

countries have been using passive and active reforestation techniques to achieve 

restorative success (Fagan et al., 2020). Passive and active reforestation tactics consider 

biotic factors and are slowly incorporating more abiotic factors into the predetermined 

characteristics that are correlated with intact forests (Bare, 2014). 

 

An active restorative approach refers to reforestation practices that have a hands-on 

approach: often planting seeds, seedlings, or saplings while removing environmental 

stressors. Passive restoration refers to a more hands-off approach: omitting the area of 

environmental stressors, such as agriculture or grazing, and allowing for natural 

regeneration. Between the two strategies, passive restoration has proven to be the most 

successful and cost-effective for larger-scale forest regeneration (Mir et al., 2022; Fagan 

et al., 2020; Condon et al., 2020; Chazdon and Guariguata, 2016; Bare, 2014). Overall, 

restoration techniques vary depending on the environmental stressors that were formerly 
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in the region. For example, an area deforested from agriculture benefits from active 

restoration, while pastures and agricultural lands with remnant forest parcels can typically 

be reestablished solely through a passive approach (Trujilo-Miranda et al., 2019). 

Considering that success rates are often evaluated by growth occurring after about a ten-

year period and are generally limited in scale, both spatially and temporally; this measure 

excludes deforestation rates that could occur in the same geographical location after the 

ten years and fails to adequately address the ongoing need for monitoring the 

reforestation process (Bare, 2014; Morrison and Lindell, 2010). In the tropics, forests are 

the primary source of carbon sequestration; these are also the areas with the vastest extant 

species diversity (Harris et al., 2012). Given the significance of these areas for both 

carbon sequestration and the possibility to affect thousands of species on a small scale; 

the area holds the vastest extant species biodiversity and holds a global impact through 

the storing and release of carbon (Mir et al., 2022; Strassburg et al., 2020; Bare, 2014). 

Understanding the factors influencing species diversity will globally improve restoration 

efforts (Strassburg et al., 2020; Bare, 2014). 

 

The tropical region of the Andes Mountains in Northwestern Ecuador is a highly 

biodiverse region, but that diversity is under threat, as it has been estimated that only 

25% of the native forest remains intact (Conservation, 2022; IUCN, 2022; Etter et al., 

2008). In the Chocó Rainforest, over 90% of primary forests have been destroyed by 

agriculture, from the creation of pastures to the monoculture production of oil palms, 

cocoa, coffee, corn, and rice (FCAT, 2022; NICFI, 2022). The high level of habitat 

disturbance alongside the high level of native and endemic species has earned the Choco 
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designation as a biodiversity hotspot (Conservation, 2022; IUCN, 2022; Bare, 2014). As 

such it is considered a global priority for habitat restoration efforts (Conservation, 2022; 

IUCN, 2022; Bare, 2014). To conceptualize this biodiverse region, few acres in the 

Chocó Rainforest can contain more tree species than the entire United States (FCAT, 

2022; Harris et al., 2018; Etter et al., 2008). There is such a high rate of endemism in the 

tropics that when considering plot to plot botanical surveys, the plant biota between plots 

can be vastly different (FCAT, 2022; Harris et al., 2018; Etter et al., 2008). A better 

understanding of how abiotic factors shape plant species richness in this region can be 

used to improve restoration efforts as well as to understand basic patterns of diversity.  

 

Deforestation from agricultural practices has altered the chemical balances in the soil, 

increased atmospheric carbon, shifted the topographical landscape, and influenced the 

water cycle (Lawrence et al., 2022; Longobardi et al., 2016). With greater than 50% of 

deforestation in the Chocó Rainforest having occurred in the past 40 years, people in 

these regions can see the results of these abiotic shifts (Barrancos et al., 2022; Holl et al., 

2018). Due to concerns for reforestation, specifically in the Chocó Rainforest, it is crucial 

to note that if reforestation efforts are implemented inadequately then attempts could 

negatively impact the remaining ecosystem (Holl et al., 2018; Holl et al., 2016). 

Furthermore, poor restoration efforts have impacts on a global scale and lead to a large 

influx of carbon released into the atmosphere (Holl et al., 2018; Holl et al., 2016). For 

example, a forest replanted and allowed to regenerate for 20 years and then deforested 

again releases more net carbon, thus accelerating the geographic warming associated with 

climate change (Holl et al., 2016). Alternatively, if a forest is planted back sustainably 
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and left to regenerate, it will absorb more carbon than is emitted into the atmosphere 

(Holl et al., 2018; Holl et al., 2016). The example exemplifies the importance of a better 

understanding of sustainable reforestation patterns. Namely, the need for an 

interdisciplinary approach informed through ecological and earth sciences. As Bare 

(2014) pointed out, there are two major abiotic factors influencing forest health; those 

being soil and climatic variables. For this study, the focus was on soil variables and 

geographic slope, which are detailed in the following paragraphs. 

 

I. Soil pH 

Patterns of regional diversity and abundance are often pre-dispositioned by 

environmental conditions, including slope, soil pH, elevation, and climatic variables 

(Nepali et al., 2021; Silva et al., 2021; Zeng et al., 2014; Peña-Claros et al., 2012). These 

non-living components, or abiotic factors, are often overlooked in studies concerning the 

tropics, but several studies undertaken within the past 15 years have recognized the 

importance of these factors. For example, Peña-Claros et al. (2012) looked at the 

importance of soil nutrients in tropical forests and found that nutrient composition plays a 

wider role in moist tropical forests than in dry tropical forests. While the study looked at 

soil composition, the researchers excluded soil pH and composition. Soil pH determines 

the microbiome of the substrate, and if the microbiome is changed, plant growth can be 

stunted (Peña-Carlos et al., 2012Soil pH also naturally changes with variations in weather 

patterns; it is impacted by rainwater (acid rain) and climactic events like El Ninos which 

occur over short or seasonal time frames (Peña-Carlos et al., 2012). Heightened attention 

to soil pH and its fluctuations is therefore essential for providing a more in-depth 
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understanding of the ecological impacts of deforestation and implement more streamlined 

conservation methods.  

 

II. Soil Types 

There are many different types of soil; each type has a distinct nutrient composition 

which in turn influences the root systems anchoring the flora that can grow in a particular 

area (Rodrigues et al., 2016; Lathwell and Grove, 1986). Soil can be categorized as silt, 

sand, or clay, based on its composition. Clay substrates are defined by a particle size 

smaller than 0.002 mm, a sticky texture that allows for stronger binding of particles to 

occur, and a nutrient-rich composition often high in potash and water but deficient in 

phosphates (Lathwell and Grove, 1986). Clay soils tend to allow for higher tree growth 

because clay substrates inhibit the loss of phosphorus from the environment (Soong et al., 

2020; Lathwell and Grove, 1986). Silty soils are defined by a particle size between 0.002 

and 0.06 mm and a smooth or silky feeling that is accompanied by a medium adhesive 

level. Silt holds less water than clay soils and have increased calcium and nitrogen levels 

but decreased potash levels compared to clay (Markgraf et al., 2006; Lathwell and Grove, 

1986). Sandy soils are defined by particles between 0.06 and 2.0mm in diameter with a 

low capacity to bond to itself; typically having a gritty texture (Lathwell and Grove, 

1986). Sand has less water content and is the least nutrient-dense of the soils (Lathwell 

and Grove, 1986). The low water content of sand leads to difficulties with roots being 

able to bond to the substrate; and are associated with a lower species abundance, on 

average, in the kingdom Plantae (Lathwell and Grove, 1986). For forest ecology, soil 
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composition dictates the types of species capable of growing in a particular area. As such, 

the consideration of soil type is integral in reforestation approaches, locally and globally. 

 

III. Slope 

In the Chocó Rainforest, much of the land can be described as shifting topographical 

landscapes: from a well-defined sloping peak to plateaus and valleys, which are nearly 

flat. Nepali et al. (2021) found that the slope aspect ratio had a significant impact on 

species composition but not species richness, in a similar forest system in West Nepal. 

Further research has corroborated these findings, which strongly suggests that different 

species inhabit different niches based on slope aspect ratio (San-Jose et al., 2022). At the 

top of the hill, for example, where the area plateaus, the soil composition tends to be silty, 

clay soils that allow for larger root systems, which are typical of overstory plants (San-

Jose et al., 2022). At the bottom of the slope, in contrast, where the landscape plateaus, 

terrains tend to be sandier and muddier, and floral assemblages tend to be comprised of 

understory plants with more shallow root systems (San-Jose et al., 2022). In the 

Northwestern Andes Mountains, it is therefore essential to account for slope as a factor 

driving species composition to learn which species grow better in the mountainous region 

on a larger and a smaller scale. 

 

IV. Research Objectives 

The primary goal of this study was to determine how soil type, soil pH, and slope are 

correlated with species abundance and diversity in the Chocó Rainforest. The research 

hypotheses were as follows: 1) sandy soils will exhibit lower species diversity and 
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species abundance due to a lack of nutrients and water content within the substrate. 2) 

Lower soil pH will lead to lower species diversity, as various species cannot withstand 

the acidic quality of the substrate. 3) Greater slope will lead to a lower species abundance 

because of the angle at which the roots must sprout.  

 

A secondary objective of this study was to provide a preliminary botanical inventory for 

the FCAT Station in the Ecuadorian Chocó. This included a species richness index and a 

basic map of plant locations with respect to the research plot. This was the first botanical 

survey conducted at the FCAT station and while a preliminary effort, it offered valuable 

insight into the tremendous amount of diversity that can be found in the Chocó Rainforest 

surrounding the station.   
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Methods 

During the summer of 2022, I worked under the direction of Dr. Ricardo Perdiz in 

identifying trees, palms, and lianas greater than 3.9 cm in DBH in the primary growth 

plot, named the 3_5 plot, near the FCAT reserve in the Chocó Rainforest of Northwestern 

Ecuador. Trees and lianas were identified via inner and outer bark, presence/absence of 

sap, leaf shape and pattern, branching patterns, and other markings associated with the 

fruits and flowers of the plant. Palms were identified similarly but focused more on using 

growth patterns around the trunk and fronds as the focal characteristics. Voucher 

specimens were taken for species that were not possible to identify in the field for 

subsequent identification with collogues through botanical sampling (the prior 

identification methods) and infrared (IR) spectral analysis. All plants that could not be 

identified were given a field name, typically something associated with the smell of the 

inner bark. Each species was given a numbered plaque and the DBH was measured. 

Notes about the relative geographical location of trees, palms, and lianas were taken in 

comparison to one another in the plot and given an x, y coordinate within the 1.5-hectare 

plot. The 1.5-hectare plot was broken into 15 plots and subdivided into 156 subplots 

(Figure 1).  

 

Plots #1-6 (yellow) and plots #9-13 (yellow) were 50m by 20m and were each broken 

into 10, 10m by 10m subplots. Plots #7 and #8 (grey) were 50m by 15m and were both 

broken into 10, 10m by 7.5m subplots. Plot #14 (blue) was 50m by 25m and was broken 

into 10, 10m by 12.5m subplots. Plot #15 (green) was 75m by 25m and was broken into 

16 subplots, with 14 being 10m by 12.5m and the remaining two subplots being 5m by 
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12.5m. The 1-hectare plot was broken into 15 plots so that we were not aimlessly 

working around the perimeter and inwards. The 15 plots were broken into various sizes 

based on the topography, as there was one hill, almost completely at a 90º angle, that was 

easier to complete in one stretch than separating it into multiple plots (#15). The subplot 

sizes were based off the plot distribution to make measurements of the 1-hectare plot 

feasible and to avoid skewing of the lines on the part of mountainous terrain. 

  
Figure 1: Plot layout 
 

I. Soil pH 

After species were mapped out and given an individual number within the plot, I 

conducted abiotic sampling for soil pH, soil type, and slope. While classifying the soil 

type, I collected five random soil samples from each of the 15 plots. I performed random 

collections in five of the ten subplots per plot to account for the largest area coverage and 

because there was not enough DI water, time, or a timeframe in which the electricity was 
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on to conduct 156 soil samples. The five samples were collected and sifted and then 

weighed out to one gram each. After being weighed out, the individual samples of each 

plot were combined and the soil type for each plot was recorded. During the sifting 

process, the soil was broken down into minuscule parts that separated from the organic 

matter and could be easily mixed with the other samples in the plot and water. After the 

samples were combined, 10 mL of deionized water was added along with a stir bar, and 

the mixture was moved to the centrifuge. The centrifuge was turned on for 10-minutes, 

and the soil mixture was stirred rapidly enough to combine the water and soil into a semi-

homogeneous mixture. After the 10-minute interval, I used a pH electrode to determine 

the pH of the soil and the temperature of the room. The electrode was stuck in the 

water/soil mixture along the glass side of the beaker, leaving about two centimeters of 

space at the bottom so that the probe did not touch the glass, thereby preventing damage 

or alteration of the results. The soil pH of each sample was taken three times each to 

allow for consistency and to have a view of the most accurate pH value. The numbers 

were averaged and then used as a summation for the pH of each plot. 

 

II. Soil Types 

I collected 10 soil samples per plot, which were categorized as clay, sand, or silt using a 

separation method (referenced as the shake method). To separate the soil, a 10-gram 

collection was taken from about six cm deep in the center of each subplot and was put 

into a tubular, capped vial that had about 20 mL of water. From there, the soil was shaken 

by hand for three minutes and then left still for ten minutes to allow for soil separation. 

Sand composed the bottom layer, as those particles are the densest. Silt is less dense than 
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sand, but denser than clay, so silt composed the middle layer. Clay was the least dense 

and allowed for the most water to flow through it, which resulted in that being the top 

layer of the substrate. There was often a fourth, floating layer that was organic biomass: 

either leaves or decaying matter. 

 

III. Slope 

During the occurrence of the other processes, I calculated the slope for each subplot. The 

slope was determined via the average of three sites within each subplot, with those being 

the steepest, middle, and most level areas. The precise degree was calculated via an 

iPhone app called “SLOPE” and a protractor. In making for the most accurate 

measurements, the app and the protractor needed to be at the same angle. The app proved 

to be as accurate as the protractor, and thus the protractor was omitted after plot #3 and 

the app was relied on for the remaining plots. 

 

All results were analyzed in R-studio version 4.2.2 and Microsoft Excel. T-test for soil 

type and slope were run through Microsoft Excel. A one-way ANOVA was run for soil 

pH using Microsoft Excel.  
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Results 

 
Table 1: Most Abundant Families 
 

 
Table 2: Most Abundant Genera 
 

 
Table 3: Most Abundant Species 
 

Within the 1.5- by 1.5-hectare plot, for plants greater than 3.9 centimeters in DBH, there 

were 799 trees, 192 palms, 17 lianas, and 12 hemi-epiphytes. There was a total of 38 

families classified (Figure 2), with 24 plants being unclassified/indeterminate; 71 known 

genera, with 90 indeterminate plants; and at least 126 different species, with only 30 

being known in the tree of life (Figure 3). Of the 30 classified species, six are only found 

in Ecuador (represented by * in Figure 3). Overall, the most abundant species were 

Iriartea deltoidea and Otoba gordoniifolia (Table 1; Table 2; Table 3).  



 

 
Figure 2: Family Composition in 
Accordance with the Tree of Life 
 

 
 
Figure 3: Classified Species 
Composition in Accordance with the 
Tree of Life 

 
Plant density was positively correlated with the presence of Iriartea deltoidea and Otoba 

gordoniifolia within the subplots. There was a significant difference in species 

abundance, t(155) = 100.94 and p < 0.001 (Figure 4), when considering subplots with 

and without the two species (Total: M= 6.54, SD= 2.65; Only I. deltoidea and O. 

gordoniifolia: M= 4.67, SD= 2.49). 

 

 

Figure 4: Complete 
species abundance and 
species abundance of only 
Iriartea deltoidea and 
Otoba gordoniifolia 
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I. Soil pH 

A one-way ANOVA was performed to determine variation in pH values between the 

three soil types: clay, silt, and sand. There was a significant difference between the three 

categories in terms of the average pH (p = 0.002), shown in the table below (Table 4). 

Sandy soils tended to be less acidic and clay soils were more acidic, with silt being in the 

middle. 

 
Table 4: ANOVA for soil pH and types of soil 
 
 

II. Soil Types 

Soil types influenced species presence, with clay having the greatest species abundance 

and sand having the lowest species abundance (Figure 5). The variation in the soil types 

was as follows: silt (M= 3.51, SD= 0.45), clay (M= 4.53, SD= 0.42), and sand (M= 2.06, 

SD= 0.51). I ran a heteroscedastic t-test between all three soil compositions, which 

provided significant results when comparing silt and clay (t(239) = 1.03, p = 0.03), silt 

and sand (t(111) = 1.45, p = 0.03), clay and sand (t(161) = 2.48, p = 0.005). 



 Hoskins 15 

 
Figure 5: Average species abundance in different soil types 
 

III. Slope 

Slope was correlated with average abundance, t(14) = 21.87, p  < 0.001 (Figure 6), and 

the overall abundance, t(155) = 782.95, p < 0.0001, between plots and subplots (Average- 

Slope: M= 20.92, SD= 3.80; Abundance: M= 6.46, SD= 1.37; Overall- Slope: M= 21.19, 

SD= 9.40; Abundance: M= 6.54, SD= 2.65). Therefore, slope was found to be positively 

correlated with species abundance.   

 
Figure 6: The impacts of (average) slope on (average) abundance.  
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Discussion 

This study represented the first formal efforts toward documenting a comprehensive 

botanic inventory from the intact Chocó Rainforest on the FCAT Reserve. Further, this 

study was used to relate patterns of diversity to abiotic environmental variables to plant 

biodiversity. We found 126 species and 38 families in a 1.5-hectare plot. Compared to 

mature tropical forests found throughout Ecuador, Peru, Venezuela, Brazil, Costa Rica, 

Ghana, Uganda, Malaysia, Sabah, Sarawak, and Australia, the primary restoration plot of 

the Chocó has a vastly lower species richness (average for the 25 plots throughout the 11 

countries: 155 species per hectare using a DBH of 10 centimeters) (Phillips et al., 1994). 

To break the prior down, in Ecuador, the average species richness for a 1.5-hectare plot is 

200 species, and for Peru it is 185 (Phillips et al., 1994). The primary restoration plot 

from FCAT holds a lower species richness, likely due to the nature of the plot being in 

recovery and still requiring years to reach the previous index that was established in the 

area. The 3_5 plot at FCAT will take at least five decades to reach a species richness 

comparable to old-growth forests and centuries to recover species composition to that of 

an old-growth plot (Rozendaal et al., 2020). 

 

The most abundant species were Otoba gordoniifolia and Iriartea deltoidea. Otoba 

gordoniifolia represents one of eight Otoba species found in the Chocó Rainforest and 

was found to be the most abundant in this plot (Jaramilo-Vivanco and Balslev, 2020). 

The prior was surprising as O. novogranatensis is thought to be the most abundant 

species in the range (Jaramilo-Vivanco and Balslev, 2020). It is likely that the eight 

species are separated by distinct ranges, and that the two aforementioned Otoba species 
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compose the majority in differing ranges of the Chocó (Jaramilo-Vivanco and Balslev, 

2020). Iriartea deltoidea is an abundant palm species that is prominent, due to toucans 

and commercial use (ter Steege et al., 2014; Sezen et al., 2009). In South America, 

Iriartea deltoidea is among the most common plants, ranking fifth overall (ter Steege et 

al., 2014). In primary growth plots throughout the tropics, palms are usually one of the 

earliest species, as they provide wood and food for people, and the fruits are widely 

dispersed by toucans, up to hundreds of meters away from the mother plant (Sezen et al., 

2009).  

 

In addition to documenting these basic patterns of abundance and diversity, another 

major goal of this study was to relate plant diversity to abiotic environmental factors. 

Below, I summarize relationships with soil pH, soil type, and slope.  

 

I. Soil pH 

Overall, the soil pH did not influence the species composition (Figure 7). This was likely 

due to two major reasons: sampling size and the sampling method. Due to a lack of 

access to materials (DI water) and a lack of time available to conduct the soil pH 

procedures (as the electric kept going off for about two weeks), the original sampling 

procedure was modified to the average soil pH per plot instead of subplots and/or 

individual plants. This led to a small sample size of 15 instead of the original 156 

samples that were planned. The methods for soil pH collection resulted in a skewed bias 

towards a higher pH, with the average being 5.85, and having a mean of 5.81 (Figure 7). 

If the average has not of been taken, there would have been a more distinct difference in 
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soil pH between subplots, and likely would have resulted in a stronger correlation 

between soil pH and species richness. Conversely, soil pH was influenced by the soil 

type, which gives a hint of conceptualizaton that soil pH does impact species 

composition, although not shown in this study.  

 
Figure 7: The influence of soil pH on family diversity. 
 
 
Studies on soil pH and the influences had on species richness has mainly been conducted 

through botanical surveys in North America and Europe and has largely excluded the 

southern hemisphere (Crespo-Mendes et al., 2019; Duprè et al., 2010; Stevens et al., 

2010; Crawley et al., 2005; Pärtel, 2002; Gough et al., 2000; Roem and Berendse, 2000). 

In recent years, there have been more studies in the neotropics and worldwide studies 
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(Crespo-Mendes et al., 2019; Peña-Claros et al., 2012). These prior North American 

studies tend to show a correlation between soil pH and plant species richness, but also 

recognize the influences of precipitation, nitrogen deposition, and latitude and how these 

factors change soil pH (Duprè et al., 2010; Stevens et al., 2010; Gentry, 1988). 

Furthermore, for Brazil and other neotropical studies, there was a correlation found 

between optimum soil pH and species richness, noting that with subtle changes from the 

optimum, both more acidic or basic, the richness was decreased (Crespo-Mendes et al., 

2019; Crespo-Mendes et al., 2018). The theory behind this is that the high endemism 

associated with tropical areas, considering these species are often highly evolved to fit 

certain niches, is affected with any subtle change, putting the species at risk of extirpation 

(Crespo-Mendes et al., 2019).  

 

In understanding the influences of soil pH on plant endemism, we are better able to 

understand rates of plant species richness and create better estimates for world-wide 

indices of plant richness for conservation efforts.  

 

II. Soil types 

Soil type was affected by soil pH and conversely impacted species composition. The 

impacts of soil composition on species abundance made logical sense, with clay having 

the greatest species abundance per subplot and sand having the lowest species abundance. 

Due to the nature of the three different soil types (silt, sand, and clay), the low ability for 

sand to hold water and the high-water content of clay, this allowed for plants to save 

energy by conserving water during the dry period for clay but meant that plants in sandy 
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soils needed to spend more energy on conserving water during the dry periods (Fischer et 

al., 2018; Rodrigues et al., 2016; Lathwell and Grove, 1986). For silty soils, these tend to 

be in the middle for everything, so it makes sense that it would be in the middle for 

curating a higher species abundance (Fischer et al., 2018; Rodrigues et al., 2016; 

Lathwell and Grove, 1986).  

 

Many previous studies involving soil composition have been conducted in grasslands 

globally but have overall avoided neotropical rainforests (Bhandari and Zhang, 2019; 

Fischer et al., 2018; Rodrigues et al., 2016; Arruda et al., 2015). These studies have found 

a close relationship between soil composition and water nutrients, which in-turn alters 

species composition (Bhandari and Zhang, 2019; Fischer et al., 2018; Rodrigues et al., 

2016; Arruda et al., 2015). Overall, the results of my study align with those of prior 

studies, with one caviot. Clay was found to have the greatest species richness, but in most 

studies, once a soil exceeded 67% clay texture, the species richness declined rapidly 

(Soong et al., 2020; Rodrigues et al., 2016). In the tropics, the relationship between soil 

composition and plant species richness is highly correlated (Soong et al., 2020; Rodrigues 

et al., 2016). 

 

III. Slope 

The effect of slope on species composition had an inverse relationship contrary to my 

prediction. The greater the slope, the great the species abundance both for average slope 

of a plot and for slope at each subplot, representing a positive correlation between the two 

variables. This was surprising because it takes more strain on roots to hold a plant up 
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when growing in a sloped area than a flatter area (Nepali et al., 2021). I think a concept 

that makes it less surprising is the route in which people take to deforest an area. Flatter 

areas that are easier to get to are often deforested first and the more sloped areas are left 

with more biodiversity, as they are harder to log (Clark and Covey, 2012). For future 

comparative studies, it would be interesting to focus on root preferences in tropical plants 

compared to temperate plants, especially regarding sloped and less-sloped areas.  

 

Several other studies have focused on slope aspect ratio, but they tend to compare north 

and south slopes instead of more or less sloped areas (Yang et al., 2020; Dearborn and 

Danby, 2017). Although, this is important to understand the areas that are more or less 

sloped, due to the concept that north-facing slopes have the strongest effect on species 

richness via slope aspect ratio (Yang et al., 2020; Dearborn and Danby, 2017). In addition 

to the aspect of slope orientation, there was also a contrasting result as it connects to 

species richness. I found a positive correlation between slope and species richness, and 

the prior studies found a negative correlation (Yang et al., 2020; Dearborn and Danby, 

2017). This could be due to a few reasons, but one major consideration is that their 

studies were conducted in Canada and the Mediterranean, and not in the neotropics 

(Dearborn and Danby, 2017; Nadal-Romero et al., 2014).  

 

IV. Conclusion 

Broadly speaking, diversity surrounding the FCAT station is still in progress of 

regeneration and lower than the typical plant richness indices of other neotropical regions 

(Harris et al., 2018; Etter et al., 2008; Phillips et al., 1994). Some possible explanations 
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for this contrast could relate to the characteristics of the plot and its surrounding environs, 

which could be described as either primary forest or pastureland (Rozendaal et al., 2020). 

This is important to note, as the plots were not isolated, meaning that habitat type, 

whether forest or pasture, could impact abiotic variables within the plot. Deforested 

areas, specifically pasteurized areas, lead to changes in soil pH and soil composition, and 

increased erosion, which effects slope All factors which, based on the results of this 

study, can greatly influence species composition (Barrancos et al., 2022; Lawrence et al., 

2022; Holl et al., 2018 ; Longobardi et al., 2016).  

 

While these findings are significant as it connects to restoration efforts more generally, 

they are particularly important for informing ongoing restoration work at the FCAT 

station. The station Is currently in the process of testing and assessing techniques to 

accelerate reforestation efforts at the site and these findings should be of great value to 

them moving forward, in implementing the best techniques in the Chocó Rainforest 

(FCAT, 2022). My research, alongside the work undertaken by Ricardo Perdiz, can aid in 

the selection of areas that are better suited for different species, particularly 

specialists/endemic species that are highly adapted to vastly specific conditions, which 

are all congruent with abiotic variables.   



 Hoskins 23 

Literature Cited 

Arruda, D. M., Schaefer, C. E., Corrêa, G. R., Rodrigues, P. M., Duque-Brasil, R., 
Ferreira-JR, W. G., & Oliveira-Filho, A. T. (2015). Landforms and soil attributes 
determine the vegetation structure in the Brazilian semiarid. Folia Geobotanica, 
50(3), 175–184. https://doi.org/10.1007/s12224-015-9221-0  

Bare, M. (2014). Forest Restoration in the Tropical Andes: Active Conservation in a 
Biodiversity Hotspot. Tropical Resources Bulletin, 32-33, 93–100. Retrieved 
November 10, 2022, from https://tri.yale.edu/tropical-resources/tropical-resources-
vol-32-33/forest-restoration-tropical-andes-active.  

Bhandari, J., & Zhang, Y. (2019). Effect of altitude and soil properties on biomass and 
plant richness in the grasslands of Tibet, China, and Manang District, Nepal. 
Ecosphere, 10(11). https://doi.org/10.1002/ecs2.2915  

Bullock, J. M., Aronson, J., Newton, A. C., Pywell, R. F., & Rey-Benayas, J. M. (2011). 
Restoration of Ecosystem Services and biodiversity: Conflicts and opportunities. 
Trends in Ecology & Evolution, 26(10), 541–549. 
https://doi.org/10.1016/j.tree.2011.06.011  

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., 
Narwani, A., Mace, G. M., Tilman, D., Wardle, D. A., Kinzig, A. P., Daily, G. C., 
Loreau, M., Grace, J. B., Larigauderie, A., Srivastava, D. S., & Naeem, S. (2012). 
Biodiversity Loss and its impact on humanity. Nature, 486(7401), 59–67. 
https://doi.org/10.1038/nature11148  

Chazdon, R. L., & Guariguata, M. R. (2016). Natural regeneration as a tool for large‐
scale forest restoration in the tropics: Prospects and challenges. Biotropica, 48(6), 
716–730. https://doi.org/10.1111/btp.12381  

Clark, J. A., & Covey, K. R. (2012). Tree species richness and the logging of natural 
forests: A meta-analysis. Forest Ecology and Management, 276, 146–153. 
https://doi.org/10.1016/j.foreco.2012.04.001  

Conservation. FCAT Ecuador. (2022). Retrieved November 10, 2022, from https://fcat-
ecuador.org/conservation/  

Crawley, M. J., Johnston, A. E., Silvertown, J., Dodd, M., Mazancourt, C., Heard, M. S., 
Henman, D. F., & Edwards, G. R. (2005). Determinants of species richness in the 
park grass experiment. The American Naturalist, 165(2), 179–192. 
https://doi.org/10.1086/427270  

Crespo-Mendes, N., Laurent, A., & Hauschild, M. Z. (2018). Effect factors of terrestrial 
acidification in Brazil for use in life cycle impact assessment. The International 



 Hoskins 24 

Journal of Life Cycle Assessment, 24(6), 1105–1117. 
https://doi.org/10.1007/s11367-018-1560-7  

Crespo-Mendes, N., Laurent, A., Bruun, H. H., & Hauschild, M. Z. (2019). Relationships 
between plant species richness and soil ph at the level of Biome and ecoregion in 
Brazil. Ecological Indicators, 98, 266–275. 
https://doi.org/10.1016/j.ecolind.2018.11.004  

Dearborn, K. D., & Danby, R. K. (2017). Aspect and slope influence plant community 
composition more than elevation across forest-tundra ecotones in Subarctic Canada. 
Journal of Vegetation Science, 28(3), 595–604. https://doi.org/10.1111/jvs.12521  

Díaz-García, J. M., López-Barrera, F., Pineda, E., Toledo-Aceves, T., & Andresen, E. 
(2020). Comparing the success of active and passive restoration in a tropical cloud 
forest landscape: A multi-taxa fauna approach. PLOS ONE, 15(11). 
https://doi.org/10.1371/journal.pone.0242020  

Díaz-García, J. M., López-Barrera, F., Toledo-Aceves, T., Andresen, E., & Pineda, E. 
(2020). Does forest restoration assist the recovery of threatened species? A study of 
cloud forest amphibian communities. Biological Conservation, 242, 108400. 
https://doi.org/10.1016/j.biocon.2019.108400  

Duprã, C., Stevens, C. J., Ranke, T., Bleeker, A., Peppler-Lisbach, C., Gowing, D. J., 
Dise, N. B., Dorland, E., Bobbink, R., & Diekmann, M. (2010). Changes in species 
richness and composition in European acidic grasslands over the past 70 years: The 
contribution of cumulative atmospheric nitrogen deposition. Global Change 
Biology, 16(1), 344–357. https://doi.org/10.1111/j.1365-2486.2009.01982.x  

Fagan, M. E., Reid, J. L., Holland, M. B., Drew, J. G., & Zahawi, R. A. (2020). How 
feasible are Global Forest Restoration Commitments? Conservation Letters, 13(3). 
https://doi.org/10.1111/conl.12700  

Fernandez Barrancos, E. P., Marquis, R. J., & Leighton Reid, J. (2022). Restoration 
plantations accelerate dead wood accumulation in tropical premontane forests. 
Forest Ecology and Management, 508, 120015. 
https://doi.org/10.1016/j.foreco.2022.120015  

Finch, H. J. S., Samuel, A. M., & Lane, G. P. F. (2002). Soils and Soil Management. 
Lockhart and Wiseman's Crop Husbandry Including Grassland, 26–51. 
https://doi.org/10.1533/9781855736504.1.25  

Fischer, C., Leimer, S., Roscher, C., Ravenek, J., de Kroon, H., Kreutziger, Y., Baade, J., 
Beßler, H., Eisenhauer, N., Weigelt, A., Mommer, L., Lange, M., Gleixner, G., 
Wilcke, W., Schröder, B., & Hildebrandt, A. (2018). Plant species richness and 
functional groups have different effects on soil water content in a decade‐long 



 Hoskins 25 

grassland experiment. Journal of Ecology, 107(1), 127–141. 
https://doi.org/10.1111/1365-2745.13046  

Gentry, A. H. (1988). Changes in plant community diversity and floristic composition on 
environmental and geographical gradients. Annals of the Missouri Botanical 
Garden, 75(1), 1. https://doi.org/10.2307/2399464  

Gough, L., Shaver, G. R., Carroll, J., Royer, D. L., & Laundre, J. A. (2000). Vascular 
plant species richness in Alaskan arctic tundra: The importance of soil ph. Journal 
of Ecology, 88(1), 54–66. https://doi.org/10.1046/j.1365-2745.2000.00426.x  

Harris, N. L., Gibbs, D. A., Baccini, A., Birdsey, R. A., de Bruin, S., Farina, M., 
Fatoyinbo, L., Hansen, M. C., Herold, M., Houghton, R. A., Potapov, P. V., Suarez, 
D. R., Roman-Cuesta, R. M., Saatchi, S. S., Slay, C. M., Turubanova, S. A., & 
Tyukavina, A. (2021). Global maps of twenty-first century forest carbon fluxes. 
Nature Climate Change, 11(3), 234–240. https://doi.org/10.1038/s41558-020-
00976-6  

Harris, N. L., Brown, S., Hagen, S. C., Saatchi, S. S., Petrova, S., Salas, W., Hansen, M. 
C., Potapov, P. V., & Lotsch, A. (2012). Baseline map of carbon emissions from 
deforestation in tropical regions. Science, 336(6088), 1573–1576. 
https://doi.org/10.1126/science.1217962  

Hartup, J., Ockendon, N., & Pettorelli, N. (2022). Active versus passive restoration: 
Forests in the Southern Carpathian Mountains as a case study. Journal of 
Environmental Management, 322, 116003. 
https://doi.org/10.1016/j.jenvman.2022.116003  

Hocking, D., & Babbitt, K. (2014). Amphibian Contributions to Ecosystem Services. 
Herpetological Conservation and Biologyy, 9(1), 1–17. Retrieved 2014, from 
http://www.herpconbio.org/Volume_9/Issue_1/Hocking_Babbitt_2014.pdf.  

Hof, C., Araújo, M. B., Jetz, W., & Rahbek, C. (2011). Additive threats from pathogens, 
climate and land-use change for Global Amphibian Diversity. Nature, 480(7378), 
516–519. https://doi.org/10.1038/nature10650  

Holl, K. D., Reid, J. L., Chaves‐Fallas, J. M., Oviedo‐Brenes, F., & Zahawi, R. A. (2016). 
Local Tropical Forest Restoration Strategies Affect Tree recruitment more strongly 
than does landscape forest cover. Journal of Applied Ecology, 54(4), 1091–1099. 
https://doi.org/10.1111/1365-2664.12814  

Holl, K. D., Reid, J. L., Oviedo‐Brenes, F., Kulikowski, A. J., & Zahawi, R. A. (2018). 
Rules of thumb for predicting tropical forest recovery. Applied Vegetation Science, 
21(4), 669–677. https://doi.org/10.1111/avsc.12394  



 Hoskins 26 

IPBES (2019): Global assessment report on biodiversity and ecosystem services of the 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 
Services. E. S. Brondizio, J. Settele, S. Díaz, and H. T. Ngo (editors). IPBES 
secretariat, Bonn, Germany. 1148 pages. https://doi.org/10.5281/zenodo.3831673 

Jaramillo-Vivanco, T. S., & Balsev, H. (2020). Revision of Otoba (Myristicaceae). 
Phytotaxa, 441(2), 143–175. https://doi.org/10.11646/phytotaxa.441.2.3  

Lathwell, D. J., & Grove, T. L. (1986). Soil-plant relationships in the Tropics. Annual 
Review of Ecology and Systematics, 17(1), 1–16. 
https://doi.org/10.1146/annurev.es.17.110186.000245  

Lawrence, D., Coe, M., Walker, W., Verchot, L., & Vandecar, K. (2022). The unseen 
effects of deforestation: Biophysical effects on climate. Frontiers in Forests and 
Global Change, 5. https://doi.org/10.3389/ffgc.2022.756115  

Longobardi, P., Montenegro, A., Beltrami, H., & Eby, M. (2016). Deforestation induced 
climate change: Effects of spatial scale. PLOS ONE, 11(4). 
https://doi.org/10.1371/journal.pone.0153357  

Markgraf, W., Horn, R., & Peth, S. (2006). An approach to rheometry in soil 
mechanics—structural changes in bentonite, clayey and silty soils. Soil and Tillage 
Research, 91(1-2), 1–14. https://doi.org/10.1016/j.still.2006.01.007  

Memiaghe, H. R., Lutz, J. A., Korte, L., Alonso, A., & Kenfack, D. (2016). Ecological 
importance of small-diameter trees to the structure, diversity and biomass of a 
tropical evergreen forest at Rabi, gabon. PLoS ONE, 11(5). 
https://doi.org/10.1371/journal.pone.0154988  

Mir, A. H., Dad, J. M., Singh, B., & Kamili, A. N. (2022). Passive restoration 
considerably improved the community structure, soil health and carbon stock in the 
pine forests of Kashmir Himalaya, India. Ecological Engineering, 176, 106535. 
https://doi.org/10.1016/j.ecoleng.2021.106535  

Morrison, E. B., & Lindell, C. A. (2010). Active or passive forest restoration? assessing 
restoration alternatives with avian foraging behavior. Restoration Ecology, 19(201), 
170–177. https://doi.org/10.1111/j.1526-100x.2010.00725.x  

Mugasha, W. A., Bollandsås, O. M., & Eid, T. (2013). Relationships between diameter 
and height of trees in natural tropical forest in Tanzania. Southern Forests: a 
Journal of Forest Science, 75(4), 221–237. 
https://doi.org/10.2989/20702620.2013.824672  

Nadal-Romero, E., Petrlic, K., Verachtert, E., Bochet, E., & Poesen, J. (2014). Effects of 
slope angle and aspect on plant cover and species richness in a humid 



 Hoskins 27 

Mediterranean Badland. Earth Surface Processes and Landforms, 39(13), 1705–
1716. https://doi.org/10.1002/esp.3549  

Nepali, B. R., Skartveit, J., & Baniya, C. B. (2021). Impacts of slope aspects on 
altitudinal species richness and species composition of Narapani-Masina 
Landscape, Arghakhanchi, West Nepal. Journal of Asia-Pacific Biodiversity, 14(3), 
415–424. https://doi.org/10.1016/j.japb.2021.04.005. 

Partel, M. (2002). Local plant diversity patterns and evolutionary history at the regional 
scale. Ecology, 83(9), 2361. https://doi.org/10.2307/3071796  

Peña-Claros, M., Poorter, L., Alarcón, A., Toledo, M., Quevedo, L., Putz, F. E., Pariona, 
W., Licona, J. C., Leaño, C., Justinano, M. J., Fredericksen, T. S., Choque, U., & 
Blate, G. (2012). Soil Effects on Forest Structure and Diversity in a Moist and a 
Dry Tropical Forest. Biotropica, 44(3), 276–283. Retrieved August 27, 2022, from 
https://www.jstor.org/stable/41495998. 

Pessier, A. P. (2012). Diagnosis and control of amphibian chytridiomycosis. Fowler's 
Zoo and Wild Animal Medicine, 217–223. https://doi.org/10.1016/b978-1-4377-
1986-4.00028-7  

Phillips, O. L., Hall, P., Gentry, A. H., Sawyer, S. A., & Vásquez, R. (1994). Dynamics 
and species richness of tropical rain forests. Proceedings of the National Academy 
of Sciences, 91(7), 2805–2809. https://doi.org/10.1073/pnas.91.7.2805  

Raven, P. H., Gereau, R. E., Phillipson, P. B., Chatelain, C., Jenkins, C. N., & Ulloa 
Ulloa, C. (2020). The distribution of biodiversity richness in the Tropics. Science 
Advances, 6(37). https://doi.org/10.1126/sciadv.abc6228  

Rodrigues, P. M., Schaefer, C. E., Silva, J. de, Ferreira Júnior, W. G., dos Santos, R. M., 
& Neri, A. V. (2016). The influence of soil on vegetation structure and plant 
diversity in different tropical Savannic and forest habitats. Journal of Plant 
Ecology. https://doi.org/10.1093/jpe/rtw135  

Roem, W. J., & Berendse, F. (2000). Soil acidity and nutrient supply ratio as possible 
factors determining changes in plant species diversity in grassland and heathland 
communities. Biological Conservation, 92(2), 151–161. 
https://doi.org/10.1016/s0006-3207(99)00049-x  

Rozendaal, D. M., Bongers, F., Aide, T. M., Alvarez-Dávila, E., Ascarrunz, N., 
Balvanera, P., Becknell, J. M., Bentos, T. V., Brancalion, P. H., Cabral, G. A., 
Calvo-Rodriguez, S., Chave, J., César, R. G., Chazdon, R. L., Condit, R., Dallinga, 
J. S., de Almeida-Cortez, J. S., de Jong, B., de Oliveira, A., … Poorter, L. (2019). 
Biodiversity recovery of neotropical secondary forests. Science Advances, 5(3). 
https://doi.org/10.1126/sciadv.aau3114  



 Hoskins 28 

Sachs, J. D., Baillie, J. E., Sutherland, W. J., Armsworth, P. R., Ash, N., Beddington, J., 
Blackburn, T. M., Collen, B., Gardiner, B., Gaston, K. J., Godfray, H. C., Green, R. 
E., Harvey, P. H., House, B., Knapp, S., Kümpel, N. F., Macdonald, D. W., Mace, 
G. M., Mallet, J., … Jones, K. E. (2009). Biodiversity Conservation and the 
millennium development goals. Science, 325(5947), 1502–1503. 
https://doi.org/10.1126/science.1175035  

San-José, M., Werden, L. K., Joyce, F. H., Reid, J. L., Holl, K. D., & Zahawi, R. A. 
(2022). Effects of landscape structure on restoration success in tropical Premontane 
Forest. Scientific Reports, 12(1). https://doi.org/10.1038/s41598-022-16542-3  

Schmidt, D. (2022, February 18). Ecuador. NICFI. Retrieved November 10, 2022, from 
https://www.nicfi.no/partner-countries/ecuador/  

Sezen, U. U., Chazdon, R. L., & Holsinger, K. E. (2009). Proximity is not a proxy for 
parentage in an animal-dispersed Neotropical canopy palm. Proceedings of the 
Royal Society B: Biological Sciences, 276(1664), 2037–2044. 
https://doi.org/10.1098/rspb.2008.1793  

Silva WR, Pequeno PACL, Farias HLS, Melo VF, Villacorta CDA, Carvalho LCS, 
Perdiz RO, Citó AC, Barbosa RI (2021). “Environmental filters and biotic 
interactions drive species richness and composition in ecotone forests of the 
northern Brazilian Amazonia.” Boletim do Museu Paraense Emílio Goeldi - 
Ciências Naturais, 16(2), 229-244. doi: 10.46357/bcnaturais.v16i2.434. 
https://doi.org/10.46357/bcnaturais.v16i2.434. 

Smith, G. C., Lewis, T., & Hogan, L. D. (2015). Fauna community trends during early 
restoration of alluvial open forest/woodland ecosystems on former agricultural 
land. Restoration Ecology, 23(6), 787–799. https://doi.org/10.1111/rec.12269  

Soong, J. L., Janssens, I. A., Grau, O., Margalef, O., Stahl, C., Van Langenhove, L., 
Urbina, I., Chave, J., Dourdain, A., Ferry, B., Freycon, V., Herault, B., Sardans, J., 
Peñuelas, J., & Verbruggen, E. (2020). Soil properties explain tree growth and 
mortality, but not biomass, across phosphorus-depleted tropical forests. Scientific 
Reports, 10(1). https://doi.org/10.1038/s41598-020-58913-8  

Soong, J. L., Janssens, I. A., Grau, O., Margalef, O., Stahl, C., Van Langenhove, L., 
Urbina, I., Chave, J., Dourdain, A., Ferry, B., Freycon, V., Herault, B., Sardans, J., 
Peñuelas, J., & Verbruggen, E. (2020). Soil properties explain tree growth and 
mortality, but not biomass, across phosphorus-depleted tropical forests. Scientific 
Reports, 10(1). https://doi.org/10.1038/s41598-020-58913-8  

South America. IUCN. (2022). Retrieved November 10, 2022, from 
https://www.iucn.org/our-work/region/south-america  



 Hoskins 29 

Strassburg, B. B., Iribarrem, A., Beyer, H. L., Cordeiro, C. L., Crouzeilles, R., Jakovac, 
C. C., Braga Junqueira, A., Lacerda, E., Latawiec, A. E., Balmford, A., Brooks, T. 
M., Butchart, S. H., Chazdon, R. L., Erb, K.-H., Brancalion, P., Buchanan, G., 
Cooper, D., Díaz, S., Donald, P. F., … Visconti, P. (2020). Global priority areas for 
ecosystem restoration. Nature, 586(7831), 724–729. 
https://doi.org/10.1038/s41586-020-2784-9  

Stevens, C. J., Duprè, C., Dorland, E., Gaudnik, C., Gowing, D. J., Bleeker, A., 
Diekmann, M., Alard, D., Bobbink, R., Fowler, D., Corcket, E., Mountford, J. O., 
Vandvik, V., Aarrestad, P. A., Muller, S., & Dise, N. B. (2010). Nitrogen 
deposition threatens species richness of grasslands across Europe. Environmental 
Pollution, 158(9), 2940–2945. https://doi.org/10.1016/j.envpol.2010.06.006  

ter Steege, H., Pitman, N. C., Sabatier, D., Baraloto, C., Salomão, R. P., Guevara, J. E., 
Phillips, O. L., Castilho, C. V., Magnusson, W. E., Molino, J.-F., Monteagudo, A., 
Núñez Vargas, P., Montero, J. C., Feldpausch, T. R., Coronado, E. N., Killeen, T. 
J., Mostacedo, B., Vasquez, R., Assis, R. L., … Silman, M. R. (2013). 
Hyperdominance in the amazonian tree flora. Science, 342(6156). 
https://doi.org/10.1126/science.1243092  

Tobar-Suárez, C., Urbina-Cardona, N., Villalobos, F., & Pineda, E. (2021). Amphibian 
species richness and endemism in tropical montane cloud forests across the 
Neotropics. Biodiversity and Conservation, 31(1), 295–313. 
https://doi.org/10.1007/s10531-021-02335-z  

Trujillo-Miranda, A. L., Toledo-Aceves, T., López-Barrera, F., & Gerez-Fernández, P. 
(2018). Active versus passive restoration: Recovery of cloud forest structure, 
diversity and soil condition in abandoned pastures. Ecological Engineering, 117, 
50–61. https://doi.org/10.1016/j.ecoleng.2018.03.011  

UN Environment Programme. (2019). Un decade on restoration. UN Decade on 
Restoration. Retrieved November 10, 2022, from 
https://www.decadeonrestoration.org/  

Yang, J., El-Kassaby, Y. A., & Guan, W. (2020). The effect of slope aspect on vegetation 
attributes in a mountainous dry valley, Southwest China. Scientific Reports, 10(1). 
https://doi.org/10.1038/s41598-020-73496-0  

Zeng, X.H. & Zhang, W.J. & Song, Yi-Gang & Shen, H.T.. (2014). Slope aspect and 
slope position have effects on plant diversity and spatial distribution in the hilly 
region of Mount Taihang, North China. Journal of Food, Agriculture and 
Environment. 12. 391-397. 

 


	NTC_HT_Hoskins_Levi_2023
	Hoskins, Levi Thesis Title Page (1) (1)

	Hoskins, Levi - Thesis Abstract



