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Urban parks are biodiversity hotspots and are integral components of green infrastructure in urban areas. A variety of land use practices and environmental factors affect urban park biodiversity and vegetation structure, composition, and ecological function, but few studies have compared plant taxonomic composition, structural complexity, and species traits across different types of urban green spaces. The purpose of this study was to better understand the relationships between plant community composition, structural patterns, and environmental and species traits by using a standardized data collection method across different types of urban parks in Portland, Oregon. We examined the potential ways that different types of urban parks preserve native species and/or harbor non-native and invasive species. We used a stratified random sampling design to select 15 parks of different types based on use: (1) recreational-active use parks, (2) natural-passive use parks, and (3) multi-use parks. We found a total of 178 plant species belonging to 141 genera and 65 families. Multivariate analyses, including ordination with non-metric multidimensional scaling and cluster analysis were used to explore vegetation composition data and associations of different species assemblages with environmental variables. One-way analysis of variance was used to test hypotheses about variables associated with diversity. Statistically-significant differences in species richness and biodiversity indices were found between different park types. More native species were found in natural-passive use parks than other park types, more non-native species are found in multi-use parks than the other park types, and more invasive species were found in natural passive-use parks than in recreational-active use parks. Attributes such as natural-passive use park type, wetland habitat, steep slopes, native species origin, non-native species origin, and vine and tree plant forms were those most strongly correlated with the non-metric multidimensional scaling ordination, indicating that these attributes exert the strongest influence on species abundance and distribution with Portland's urban parks. The findings of this study can assist park managers in their aims to promote native species cover, reduce invasive species presence, or achieve additional management goals for urban parks.
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INTRODUCTION

Urban parks are important as biodiversity hotspots within cities. Not only do parks help preserve biodiversity in urban areas (Savard et al., 2000; Alvey, 2006; Nielsen et al., 2014; Threlfall et al., 2016), they also help to connect people with nature. These connections may be critical for public support of policies and actions whose goal is conservation of biodiversity. With over 55% of the world's population living in cities at present1, urban parks can allow opportunities for frequent nature interactions (Church, 2018). Urban parks can also harbor rare species and help protect important populations of vulnerable species. They may be critical components of corridors needed for habitat connectivity and dispersal among metapopulations (Ignatieva et al., 2011). Parks also play a role in people's efforts to fulfill ethical responsibilities such as being good stewards of the planet (Dearborn and Kark, 2010).

In addition to their role in biodiversity conservation, urban parks are also integral components of green infrastructure in urban areas (Savard et al., 2000; Cornelis and Hermy, 2004; Turner et al., 2005; Pataki et al., 2011; Nielsen et al., 2014). In the broad sense, green infrastructure has been defined as an interconnected system of natural areas, human-designed elements, and open spaces that not only conserves natural communities, biodiversity, and ecosystems, but also promotes clean water and air, and improves human physical and psychological well-being (Tzoulas et al., 2007; Benedict and McMahon, 2012; Lovell and Taylor, 2013). Natural communities can be described as assemblages of self-organizing and coevolved native species that are appropriate to local environmental conditions (Turner et al., 2005). While green infrastructure is designed to provide direct benefits such as stormwater management or recreation opportunities, it can also provide many co-benefits. It reduces energy use, increases economic growth, and assists with climate change adaptation and mitigation (European Commission, 2013). However, green infrastructure is not always considered an amenity. While some types of green infrastructure may increase land and property values (Bolitzer and Netusil, 2000; European Commission, 2013), other studies have noted a small, but significant decrease in property value directly adjacent to green street facilities (Netusil et al., 2014).

Multifunctional green infrastructure strategies aim to provide a holistic framework with flexible options that increase various co-benefits such as biodiversity conservation and social and ecological connectivity. These co-benefits extend beyond traditional green infrastructure uses that focus on a single benefit such as stormwater management2 (Lovell and Taylor, 2013; Meerow and Newell, 2017). However, there are often tradeoffs between maximizing these co-benefits, maximizing overall biodiversity, and increasing the presence of non-native and invasive species (Dearborn and Kark, 2010; Threlfall et al., 2016; Gaertner et al., 2017). For example, maximizing stormwater connectivity can result in decreases in landscape connectivity (Meerow and Newell, 2017). Additional studies are needed to better understand the role that different types of urban parks play in both promoting biodiversity and meeting other park management goals. In order to better inform and guide the multiple goals of park managers, such studies should include comparison of not only native species richness in parks, but also plant taxonomic composition, structural complexity, and species traits across different types of urban green spaces (Zhao et al., 2010;Threlfall et al., 2016).

While urban parks are some of the most species-rich urban green spaces (Savard et al., 2000; Cornelis and Hermy, 2004; Alvey, 2006; Nielsen et al., 2014), species richness tends to increase with moderate levels of urbanization, often as a result of the introduction of non-native species (Tait et al., 2005; McKinney, 2008). A variety of factors, including roads and impervious surface, distance to city center, human population size, and other land use activities are also associated with the success of non-native species (Pyšek, 1998; Kuhman et al., 2010; Gaertner et al., 2017). There is substantial controversy about whether the benefits of non-native species outweigh their negative impacts. On the one hand, many non-native species may increase urban biodiversity, provide a “sense of place” (e.g., Portland, Oregon is known as “The Rose City”), and a range of aesthetic and socioeconomic benefits for people (Gaertner et al., 2017; Zengeya et al., 2017). Introduced species may sometimes require less water than native species (i.e., species that evolved locally), and may survive the harsh conditions present in built green infrastructure facilities such as bioswales or detention ponds better than native species. Non-native species may also have a better chance of surviving fluctuations in climate (Morgenroth et al., 2016) and adapting to the altered physical conditions of urban environments (Alvey, 2006;McKinney, 2008).

The perceived potential and actual benefits as compared to the negative impacts of particular invasive species can vary significantly depending on context and local perspectives (Zengeya et al., 2017). Invasive species are defined by U.S. Executive Order 13112 (Section 1. Definitions) as non-native species whose introduction causes or are likely to cause economic, environmental, or human health harm3. Many non-native species do not cause harm to the economy, environment, or human health, but some non-native species are redefined as invasive species if and when they homogenize communities, replace native species, and promote a range of other ecosystem disservices (Alvey, 2006; McKinney, 2008; Gaertner et al., 2017). Undesirable attributes of invasive species include increasing the intensity or frequency of fires and floods (Pejchar and Mooney, 2009), or degrading habitat for native fauna. Furthermore, even if urban areas are biologically diverse, important functions of vegetation can be lost when native species are replaced by non-native species. A synthesis of several plant studies showed that exotic species (i.e., both non-native and invasive) accounted for an average of 41.8% of urban park woody species and 42.6% of all vascular species (Nielsen et al., 2014). Native herbaceous species were more likely to be lost than native woody species, in part due to competition with non-native species. Urban parks can play a role in limiting the spread of invasive species, depending on their disturbance history and management practices. Invasive plant species are found more frequently in landscapes historically altered by human disturbances (Kuhman et al., 2010), while “semi-natural” areas can represent a barrier to invasions (Celesti-Grapow et al., 2006).

The City of Portland has an on-going investment in green infrastructure such as parks to improve the ecological health, community livability, and environmental equity in Portland, Oregon City of Portland Bureau of Environmental Services, 2010; Portland Parks Recreation, 2015. Although many of its sustainability successes are not distributed homogeneously throughout the city (Goodling et al., 2015), Portland is still an important place to study as an example of incorporating green infrastructure into urban environments because it was named as one of the most sustainable cities within the United States (Portney, 2005). There are some publicly-available plant community composition data resources for the Portland metropolitan area4 (City of Portland Bureau of Environmental Services, 2008; Christy et al., 2009; Oregon iMapInvasives Resources, 2018; Portland Parks Recreation, 2018, 2019). An extensive set of vegetation surveys (e.g., of community and site characteristics, ecological health, management concerns, etc.) were previously completed for 8,213 acres of natural area park properties in Portland between 2003 and 2008 to help with city-wide urban ecosystem planning and management (Portland Parks Recreation, 2018). However, these studies did not compare plant taxonomic composition or species traits across the different natural properties. The surveys also only included natural area parks and did not address the influence of park type on the conservation of plant biodiversity. More recently, an inventory is being completed for Portland's urban park trees. These inventory data are currently publicly available for 11 parks (Portland Parks Recreation, 2019). Although this inventory will extend across multiple park types in Portland, it will only include information for trees and not shrubs, herbaceous, or vine species.

Although numerous studies have identified a variety of land use practices and environmental factors that affect urban park biodiversity, there have been very few studies that use a standardized method to compare plant taxonomic composition, structural complexity, environmental variables, and species traits across different types of urban green spaces. The purpose of this study is to better understand the relationships between plant community composition, structural patterns, environmental variables, and species traits in different types of urban parks in Portland, Oregon. A systematic study can improve our understanding of the degree to which parks of different types fulfill the various goals that people have for urban parks. These goals may include conserving biodiversity, meeting the needs and desires of park users for access to nature, and enhancing community livability and environmental equity.

We used a stratified random sampling design to survey different types of urban parks, including natural-passive use parks (i.e., generally more passively used and do not have formal fields for active play), developed recreational-active use parks (i.e., highly developed with facilities that promote active play, and 3) multi-use parks with a general mix of active and passive uses (Weems, 2016). We characterized the different park types and evaluated their contribution to the conservation of plant biodiversity by describing the plant taxonomical composition and structural complexity in Portland's urban parks, as well as comparing species richness across the different park types. In this study, we addressed the following research questions:

1) To what extent do plant species richness, biodiversity, traits, and structural complexity vary across different park types?

2) How can different urban parks be classified by their plant community composition?

3) What are some of the relationships between parks and a range of environmental variables and plant species traits?

We examined potential ways in which different types of urban parks preserve native species and/or harbor non-native and invasive species. We hypothesized that:

• Hypothesis 1: Natural-passive use parks have the highest species richness and biodiversity, followed by multi-use and then recreational-active use parks. This hypothesis is based on the idea that larger, intact natural areas tend to have more biodiversity (Whittaker, 1970; Alvey, 2006; Celesti-Grapow et al., 2006; Dearborn and Kark, 2010), while more disturbed areas are likely to have lower species richness (Celesti-Grapow et al., 2006).

• Hypothesis 2: Natural-passive use parks have the most native species, followed by multi-use parks, and then recreational-active use parks. This is based on the premise the that more natural, remnant, and less disturbed sites tend to have increased native species richness (Celesti-Grapow et al., 2006; Taylor and Santelmann, 2014; Highland et al., 2015).

• Hypothesis 3: Multi-use parks have the most non-native species compared to the other park types, because areas with moderate levels of disturbance tend to be accompanied by the addition of non-native species (McKinney, 2008).

• Hypothesis 4: Recreational-active use parks have the most invasive species, followed by multi-use parks and then natural-passive use parks. This hypothesis is based on research that invasive species are more frequently found in historically-altered landscapes with human disturbances (Kuhman et al., 2010), which are most similar to recreational-active use parks. Additionally, “semi-natural” areas (i.e., which are most similar to natural-passive use parks) can oftentimes represent a barrier to invasions, and so are likely to have fewer invasive species (Celesti-Grapow et al., 2006).

In order to address these research questions and hypotheses, we sampled the vegetation cover and assembled relevant environmental data for fifteen urban parks, sampling five parks in each of three different park types within Portland. The data were then evaluated for plant taxonomic composition, species richness, species diversity, and structural complexity for each of the parks and across the three park types. We explored how the different urban parks can be grouped by their plant community composition, as well as how the relationship between parks, environmental variables, and plant species traits can be characterized using non-parametric statistical methods (Kruskal, 1964; McCune and Grace, 2002). Improved understanding of the vegetation structure associated with parks of different types will help characterize not only their contribution to urban biodiversity, but also their utility in providing access to nature and the contribution made by different park types to livability and environmental equity. The results of this study may assist Portland's urban planners and land managers by providing an assessment of urban park vegetation in relation to current and future management goals.

METHODS

Study Area

Portland, Oregon is ~376 km2 and is located within Multnomah County in the Willamette Valley region of the Pacific Northwest at the confluence of the Columbia and Willamette Rivers. The physical geography of the Portland metropolitan region was shaped by a variety of geological events such as volcanic activity, catastrophic floods, ice ages, and thawing over hundreds of years, which contributed to the creation of sloughs, rivers with broad floodplains, various sizes of channels, rolling hills, steep mountainous areas, and marshy outlets (United States Department of Agriculture Soil Conservation Service, 1983). These landforms provide the basis for many of Portland's more than 4,047 hectares of parks, which include wetlands and river floodplains (e.g., Oaks Bottom Wildlife Refuge, Big Four Corners Natural Area, North Swan Island Boat Ramp, etc.), steep forested hillsides (e.g., Forest Park, Woods Memorial Natural Area, George Himes Park, etc.), and gentle rolling hillslopes (e.g., Ed Benedict Park, Brentwood Park, Rose City Park, etc.) (City of Portland, Oregon, 2018).

In addition to these physiographic features, the high yearly precipitation (~100–125 cm), moderate temperatures, and mix of nutrient-rich and hydric soil formations of the area provided conditions for a wide range of tree, shrub, vine, and herbaceous species to evolve in and/or inhabit in the area (United States Department of Agriculture Soil Conservation Service, 1983). Some of the common native plant species found in Portland's parks include Douglas fir (Pseudotsuga menziesii), western hemlock (Tsuga heterophylla), Oregon white oak (Quercus garryana), big-leaf maple (Acer macrophyllum), red alder (Alnus rubra), Pacific dogwood (Cornus sericea), vine maple (Acer circinatum), trailing blackberry (Rubus ursinus), Oregon oxalis (Oxalis oregana), Western sword fern (Polystichum munitum), willows (Salix sp.), and a variety of grasses (United States Department of Agriculture Soil Conservation Service, 1983; Christy et al., 2009; Portland Parks Recreation, 2011; Pojar and MacKinnon, 2016; Hitchcock and Cronquist, 2018). The vegetation, as well as the climate, physical geography, and natural disturbance (e.g., fire, wind, animal grazing, etc.) of the region act to support a variety of cultural and ethnobotanical uses (Pojar and MacKinnon, 2016), as well as ecosystem processes such as the flow of nutrients, water, and other materials (Swanson et al., 1988;Turner and Gardner, 2001).

Research Design and Sampling

A stratified random sampling design was used to select 12 urban parks within the Portland city boundary (Figure 1) (City of Portland, Oregon, 2018). The sites included four parks of each of three park types that were interspersed within each of the city's quadrants and had a range of sizes comparable to that of all Portland's parks. A park typology (Weems, 2016) was used to ensure that the examined parks were representative of Portland's parks. This typology included the following three general park types based on use: (1) recreational-active use parks that are highly developed with facilities that promote active play such as sports fields and play equipment, (2) natural-passive use parks that are generally more passively used with benches, viewing areas, and trails, but do not have formal fields for active play, and (3) multi-use parks with a general mix of active and passive uses (Weems, 2016). An additional natural-passive use park, Forest Park, was added to the list of sampled parks because it is the largest and most iconic park in Portland (Portland Parks Recreation, 2011). In order to have a more balanced study design, an additional recreational-active use park and a multi-use park were added to the list of sampled parks, for a total of fifteen parks with five parks of each type.
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FIGURE 1. Portland park study sites by type.



Within each of the selected parks, data were collected in five 400-m2 square plots that were identified using randomly selected pairs of coordinates placed at their southeastern corner. This allowed all areas within each park to be equally likely to be selected for sampling and to likely average any potential effects related to the variation of human management and/or landscape design within each park. Field data included the general vicinity, landform, slope, overall bare ground, tree species (diameter breast height [DBH] of at least 15 cm) and cover, sapling/shrub species (DBH < 15 cm) and cover, and woody vine species and cover. Species that occupied more than one plant form were recorded with their cover for each plant form. Additionally, five 1-m2 square subplots with randomly selected locations were sampled for herbaceous species and cover within each of the 400-m2 plots. Plant trait data were obtained from the Plants Database (United States Department of Agriculture, 2018) and other local guides (Christy et al., 2009; Hitchcock and Cronquist, 2018), and the wetlands data were collected from the US Fish and Wildlife Service Wetland Mapper (United States Fish and Wildlife Service, 2018). Field data were collected from June 28, 2017 to September 17, 2017, while much of the vegetation was at its peak phenological development for identification purposes. Information for the plant community composition by park, environmental variables, plant species and traits, and sample plot locations within each park can found in the Supplementary Material.

Data Structure

The species matrix (15 sample units x 189 species) contained percent cover data for trees, saplings/shrubs, and vines averaged for the five 400-m2 square plots within each park. There were 11 species that occupied both the tree and sapling/shrub plant forms and were counted as different taxonomic units for the multivariate analysis, but not as different species for the calculations of species richness and taxonomic composition. The herbaceous species cover data within the matrix were the average percent cover for all of the 1-m2 square plots sampled within each of the 400-m2 square plots of each park.

The environmental matrix (15 sample units x 17 variables) contained measurements of habitat variables and park characteristics such as park type, wetland presence (National Wetland Inventory [NWI]) within each park (United States Fish and Wildlife Service, 2018), landform, local relief, percent slope, percent bare ground, elevation, establishment date, irrigation, total park acreage, and beta diversity (Table 1). In order to calculate beta diversity (half changes), a measure of heterogeneity for the 400-m2 plots (total of 75 plots for all 15 parks) was calculated by finding the average within group distance (Sørensen) for each of the parks. Half-changes were then calculated (McCune and Grace, 2002) using the following formula:
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The traits matrix (189 species x 16 traits) contained trait information for each of the plant species, which included: growth form, group (e.g., fern, horsetail, etc.), status (e.g., native, non-native, invasive, etc.), and growth duration (e.g., annual, perennial, etc.) (Table 2). In this study, we separately analyzed native species, non-native non-invasive species (hereon classified as non-native species), and non-native invasive species (hereon classified as invasive species). A SU x traits matrix was calculated using the original abundance data using weighted averages, and standardizing the traits by minimum to maximum in PC-ORD Version 7 (MjM Software, Gleneden Beach, Oregon). An outlier analysis was also performed to identify any potential outliers with an average Sørensen distance of more than two standard deviations from the grand mean of distances among sample units. No outliers were identified.


Table 1. Environmental variables, including habitat, and park characteristics.
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Table 2. Trait variables for plant species.
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Data Analysis

The data were evaluated for plant taxonomic composition, species richness, species diversity, and structural complexity for each of the parks and across the three park types. Species diversity is composed of species richness, which is the number of species in a sample unit or area, as well as evenness of abundance (Whittaker, 1970; McCune and Grace, 2002). In general, if two sample units have the same number of species, then the sample unit with a more even distribution of species would be considered to have higher species diversity. Diversity for each of the parks was measured using the Shannon-Weiner Index and Simpson Index (Whittaker, 1970). One-way analysis of variance was used to test hypotheses about variables associated with plant species traits and diversity.

Hierarchical agglomerative clustering was then used to construct groups of the parks by their plant community composition (McCune and Grace, 2002). The original data were transformed into presence-absence data, in which all occurrences received equal weighting regardless of abundance. This transformation was selected because it reduced skewness of species, beta diversity (half changes, βD), and coefficient of variation for columns as compared to the to the original data and a square root transformation. The hierarchical agglomerative clustering was performed in PC-ORD Version 7, using the Sørensen (Bray-Curtis) distance measure with Flexible Beta (beta of −0.25) and a group membership level of 5, which provided a good compromise between the interpretability of groups and information loss (~55% retained). The Sørensen distance measure was selected because it is one of the most effective measures for ecological community data (McCune and Grace, 2002). The Flexible Beta (beta of −0.25) was selected because it helped to avoid distortion in the clustering and it has less of a propensity to chain (McCune and Grace, 2002). The data were not relativized. Multi-response permutation procedure (MRPP), a non-parametric procedure, was then used to test the hypothesis of no difference between species composition by a priori park groups (e.g., natural-passive use, multi-use, and recreational-active use parks). The MRPP for this analysis included the Sørensen (Bray-Curtis) distance measure and the “n/sum(n)” weighting of groups.

The relationships between the sample units, measured environmental variables, and plant species traits were then characterized with non-metric multidimensional scaling (NMS). NMS is a non-parametric ordination technique that iteratively searches for positions of entities on axes to minimize the stress of the configuration (Kruskal, 1964; McCune and Grace, 2002). This technique was selected for this study because it does not have normality or linearity assumptions. The NMS of the sample units in species space was completed in PC-ORD Version 7, using the “autopilot mode,” slow and thorough speed, a random starting configuration, 200 runs with real data, Sørensen (Bray-Curtis) distance measure, and penalizing unequal ordination distance. The final solution for the NMS ordination of the parks in species space was determined by plotting final stress vs. the number of dimensions and choosing the number of axes beyond which stress reductions were small (McCune and Grace, 2002). Overlays of the environmental variables and trait distances as joint plots were examined to evaluate the direction and strength of linear relationships with the axes. Hilltop plots were created to show multiple non-linear response surfaces on a single graph and display their maximums (settings: flexibility—optimize, contour fitting of 2 standard deviations, top 20% of range) (Nelson et al., 2015).

RESULTS

The urban parks within the study were all managed landscapes, but had varying intensity of human management and landscape design. The highest levels horticultural design appeared to be in the recreational-active use parks, while more naturalistic landscape approaches were typically observed in the natural-passive use parks. Varying combinations of these management approaches were observed in the multi-use parks, which oftentimes had both horticultural beds and patches of more naturalistic areas within the same park. The plots within the parks also tended to reflect some of these patterns of varying intensity for human management and design, with the most heavily designed plots in the recreational-active use parks, more naturalistic approaches in the plots of the natural-passive use parks, and generally a combination of these approaches within the multi-use park plots. While no park typology can capture all of the variation in landscape design, management, and visitor use, the typology used in this study allowed for a diverse range of urban parks to be sampled. The following sections provide the taxonomic composition, species richness, diversity indices, structural complexity, and community composition and multivariate analysis results of the study.

Taxonomic Composition

The data set included a total of 178 plant species belonging to 141 genera and 65 families (Figure 2). The families with the greatest number of plant species included Rosaceae (e.g., Crataegus douglasii, Rubus armeniacus, etc.), Poaceae (e.g., Poa pratensis, Holcus lanatus, etc.), Asteraceae (e.g., Achillea millefolium, Bellis perennis, etc.), Berberidaceae (e.g., Mahonia aquifolium, Achlys triphylla, etc.), and Cyperaceae (e.g., Carex obnupta, Carex unilateralis, etc.). Of the 65 plant families, 71% had only one to two species.
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FIGURE 2. Number of plant species by plant family.



Species Richness

Figure 3 shows the number of native, non-native, invasive, unknown, and total number of species by park. The parks with the highest total number of species were relatively large, natural passive-use parks such as Big Four Corners Natural Area and Woods Memorial Natural Area, while the parks with the lowest number of species were recreational-active use parks such as Jamison Park and Wallace Park. Of the 178-total species, there were mostly native species (43 percent), followed by non-native (31 percent), invasive (21 percent), and unknown species (5 percent) (e.g., unidentifiable in the field). The average number of native, non-native, invasive, unknown, and total plant species by park type are shown in Figures 4A–D. More native species were found in natural-passive use parks than the other park types, F(2, 12) = 68.86, p < 0.01) (Figure 4A), and more non-native species were found in multi-use parks than the other park types F(2, 12) = 10.63, p < 0.01) (Figure 4B). However, a higher number of invasive species were found in natural passive-use parks (M = 10.8, SD = 3.8) than in recreational-active use parks (M = 3.8, SD = 1.8) (Figure 4C). There was not a significant difference in the number of unknown species by park type. Overall, there was a significant difference in total species richness was found between the different park types, F(2, 12) = 31.83, p < 0.001 (Figure 4D). Species richness was significantly higher in natural passive-use parks (M = 43, SD = 8.4) than multi-use parks (M = 23.2, SD = 5) and recreational-active use parks (M = 13.2, SD = 3.6).
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FIGURE 3. Number of plant species by park.
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FIGURE 4. Average number of plant species that were: (A) native, (B) non-native, (C) invasive, and (D) total for each park type. N, natural-passive use; M, multi-use; R, recreational-active use. Error bars represent ± 1 standard deviation.



Diversity Indices

The diversity indices for each park are shown in Table 3. In general, the parks with highest Shannon-Weiner and Simpson indices were the natural-passive use parks such as Big Four Corners Natural Area and Woods Memorial Natural Area, followed by multi-use parks such as Patton Square Park, and then recreational-active use parks such as Khunamokwst Park. However, one of the multi-use parks, Plaza Blocks, had lower diversity indices than some of the recreational-active use parks. A significant difference between park types was also found in the Shannon-Weiner biodiversity index F(2, 12) = 18.1, p < 0.001). The Shannon-Weiner index was significantly higher in the natural-passive use parks (M = 2.8, SD = 0.36), than in the multi-use parks (M = 2, SD = 0.28) and recreational-active use parks (M = 1.7, SD = 0.2). Using the Simpson Index results, there was a significant different between park types F(2, 12) = 7.49, p < 0.01), with the natural-passive use parks Simpson Index being significantly higher than the recreational-active use parks (M = 0.74, SD = 0.07).


Table 3. Diversity indices for each park and park type (N, natural-passive use; M, multi-use; R, recreational-active use).
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Structural Complexity

In relation to plant structural complexity, the largest number of species were the herbaceous species, followed by the sapling/shrub species (11 of which were also tree species), tree species, and vine species (Table 4). Table 4 shows the number of plant species and percentage of invasive, native, non-native, and unknown species by plant form. The largest number native and invasive species were found in the herbaceous plant form, while the most non-native species were found in the sapling/shrub plant form. However, the vines had the largest percentage of invasive species of any plant form and trees had the largest percentage of non-natives of any plant form.


Table 4. Number of species and percentage of invasive, native, non-native, unknown, and total species by plant form (herbaceous, sapling/shrub, tree, vine).
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Community Composition and Multivariate Analysis

The hierarchical agglomerative clusters of the parks can be interpreted in the context of their characteristics and habitat associations (Figure 5). The cluster analysis retained ~50–55% of the data with five groups and ~12% chaining. A cluster of five parks, including Big Four Corners Natural Area, Oaks Bottom Wildlife Refuge, Woods Memorial Natural Area, George Himes Park, and Forest Park can be generally described as natural-passive use parks with more native species. Other clusters included multi-use parks with more non-native species (e.g., Plaza Blocks, etc.), multi-use and recreational-active use parks with many non-native species and more herbaceous cover (e.g., Khunamokwst Park, Brentwood Park, etc.), a park with more bare ground and beta diversity between plots (North Swan Island Boat Ramp), and a park with more non-native trees (Jamison Square). It is important to note that beta diversity was high at the North Swan Island Boat Ramp primarily because one of its plots was in vegetation and most of the others were located in primarily impervious concrete.
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FIGURE 5. Hierarchical cluster analysis for the urban parks in species space.



The clusters differ in terms of park type (MRPP: A = 0.17, p < 0.001). A more positive A statistic indicates that groups have more agreement than what is expected by chance. The MRPP data analysis has a low p-value, which indicated stronger evidence to reject the null hypothesis that there is no difference in plant community composition between park groups. Pairwise comparisons for each of the clusters in terms of park type revealed that natural-passive use parks were different compared to multi-use and recreational-active use parks (p < 0.05), but that multi-use and recreational-active use parks were only marginally different from each other (p < 0.1).

The NMS ordination shows the parks (sample units) as triangles in species space with overlays of the environmental variables and traits as joint plots to reflect the direction and strength of linear relationships with the axes (Figures 6–9). The plot of final stress vs. the number of dimensions showed that a 3-dimensional solution (3 axes) was best for this dataset with a final stress of 5.0 (raw stress multiplied by 100) and a R2n (non-metric fit) of 0.99. In NMS, ecological community data sets with a final stress of 5.0 are generally considered to be “good” (McCune and Grace, 2002). The final NMS solution with the environmental variables as joint plots are shown in Figure 6 (Axes 1 and 2) and Figure 7 (Axes 1 and 3). Most of the variation is shown in the first two axes (r2 = 0.82). The most strongly correlated environmental variables with Axis 1 are natural-passive use park type (r = −0.95), wetland presence (r = −0.93), hillslope landform (r = 0.78), slope percent (r = −0.78), and irrigation (r = 0.68). The most strongly correlated environmental variables for Axis 2 are bare ground percent (r = 0.85) and beta diversity (half changes) (r = 0.82), and then multi-use park type (r = −0.49) and flat local relief (r = −0.48) for Axis 3. The final NMS solution with plant species traits as joint plots are provided in Figure 8 (Axes 1 and 2) and Figure 9 (Axes 1 and 3). The Pearson correlations show that the most strongly correlated trait variables with Axis 1 are native species (r = −0.95) (e.g., Sambucus racemosa, Corylus cornuta, Acer macrophyllum, and Alnus rubra, etc.), non-native species (r = 0.83) (e.g., Lolium perenne and Trifolium repens, etc.), vines (r = −0.75) (e.g., Rubus ursinus and Hedera helix, etc.), and saplings/shrubs (r = −0.75) (e.g., Symphoricarpos albus, etc.). The most strongly correlated variable with Axis 2 is tree (r = 0.61), and then mixed growth pattern (r = 0.44) for Axis 3. One of the weakest correlations of the ordination is invasive species (r = 0.16) for Axis 1.
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FIGURE 6. NMS ordination Axes 1 and 2 for the parks in species space. Environmental variables that are strongly related to the individual ordination axes (r2 > 0.2) are shown as joint plots (radiated red lines).
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FIGURE 7. NMS ordination Axes 1 and 3 for the parks in species space. Environmental variables that are strongly related to the individual ordination axes (r2 > 0.2) are shown as joint plots (radiated red lines).
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FIGURE 8. NMS ordination Axes 1 and 2 for the parks in species space. Trait variables that are strongly related to the individual ordination axes (r2 > 0.2) are shown as joint plots (radiated red lines).
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FIGURE 9. NMS ordination Axes 1 and 3 for the parks in species space. Trait variables that are strongly related to the individual ordination axes (r2 > 0.2) are shown as joint plots (radiated red lines).



Various hilltop plots for plant traits and select plant species are shown in Figures 10A–D. They depict the optima of native, non-native, and invasive species (Figure 10A), different plant forms (Figure 10B), and various plant groups (e.g., dicot, monocot, gymnosperm, fern, and horsetail) (Figure 10C), plant groups. The optima for native species and several plant groups are within the natural-passive use parks, while the optimum for non-native species overlaps with both multi-use and recreational-active use parks. Figure 10D indicates that some invasive plant species are not acting in concert. For example, the optimum for Poa annua is in the multi-use and recreational-active use parks, while the optima for Geranium robertianum, Hedera helix, Phalaris arundinacea, and Rubus armeniacus are among natural-passive use parks.
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FIGURE 10. Hilltop plots for the presence/absence NMS ordination. Each colored area is a hilltop that shows the optima of a variable, and the multiple partially transparent hilltops show the overlap of variable optimas for (A) native, non-native, and invasive species, (B) herb, vine, sapling/shrub, and tree strata, (C) dicot, monocot, gymnosperm, fern, and horsetail, and (D) select invasive species. Park code information can be found in the Supplementary Material.



DISCUSSION

Improved understanding of plant community composition patterns in urban parks can help communities better manage green infrastructure investments, which are important for improving ecological health, community livability, and environmental equity within urban areas City of Portland Bureau of Environmental Services, 2010; Portland Parks Recreation, 2015. Our study was unique for Portland in that it used a stratified random sampling method to address the influence of park type on the conservation plant biodiversity and also included information for tree, shrub, herbaceous, and vine species. This type of research extends beyond past sampling efforts that included only natural-passive use parks (Portland Parks Recreation, 2018) or surveys that include only information on tree species within Portland parks (Portland Parks Recreation, 2019). The stratified-random sampling design allowed us to investigate the extent to which plant species composition, biodiversity, environmental variables, and species traits vary across different urban park types in Portland, Oregon. Although this study used a sampling protocol rather than attempting a complete floristic survey of all parks due to time and resource constraints, a total of 178 species from 141 genera and 65 families were found in the sampled parks. The largest number of species were herbaceous species, followed by sapling/shrub species, tree species, and vine species.

This study provided information on the ways in which different types of urban parks can contribute to the conservation of native species and/or harbor non-native and invasive species. The total species richness was highest in the natural-passive use parks, followed by multi-use, and then recreational-active use parks, which was consistent with Hypothesis 1. The results also showed that more native species were found in natural-passive use parks than other types of parks, which aligns with Hypothesis 2, and is consistent with other studies which have reported that more natural, remnant, and less disturbed sites tend to have increased native species richness (Celesti-Grapow et al., 2006; Taylor and Santelmann, 2014; Highland et al., 2015). It is not surprising that the average species richness and biodiversity indices were highest in the natural-passive use parks, because areas that are natural have a tendency to be more diverse than other areas (Whittaker, 1970; Alvey, 2006; Dearborn and Kark, 2010) and provide a range and diversity of resources and habitat structures for species (Threlfall et al., 2016). In order to further promote biodiversity conservation in urban areas, park managers and/or land use planners can use the results of this study to justify limiting recreational development, land use change, and other human disturbances in natural-passive use parks. Conservation of more natural, remnant sites is likely to increase plant and animal biodiversity within cities. The outcomes of this study may also be used to further promote the creation of native habitat patches in multi-use and recreational-active use parks for the purposes of increasing native biodiversity and its associated benefits (Portland Parks Recreation, 2015).

The results of the study also showed that more non-native species were found in multi-use parks than in natural-passive use or recreational-active use parks, which aligns with Hypothesis 3, and supports the notion that moderate levels of disturbance tend to be accompanied by the addition of non-native species (McKinney, 2008). However, a surprising result was that more invasive species were found in natural-passive use parks than in recreational-active use parks, a result which is inconsistent with Hypothesis 4. Although “semi-natural” areas (i.e., which are most similar to natural-passive use parks) can often represent a barrier to invasions (Celesti-Grapow et al., 2006), species invasions of natural, forested areas may simply develop more slowly under natural disturbance regimes (Martin et al., 2009). These species invasions can then be accelerated with the increase of human influence such as horticultural practices and intentional introduction of plant species (Martin et al., 2009). In addition to these explanations, it is also possible that the natural-passive use parks in this study may have experienced a high enough level of disturbance that they were vulnerable to invasive species colonization. Another confounding issue may be that invasive species management can be more challenging in more remote and larger natural-passive use parks than in multi-use and recreational-active use parks, which tend to be more accessible and smaller in size.

In terms of overall plant species composition, most of the species in the parks were native (43 percent), followed by non-native species (31 percent), and with a smaller percentage of invasive species (21 percent). The largest number of native and invasive species were herbaceous species, while the most non-native species were saplings/shrubs. The lower proportion of invasive species relative to native species may indicate some progress toward invasive species management in Portland (City of Portland Bureau of Environmental Services, 2008). However, the combined number of non-native and invasive species in our plots accounted for 52% of the total species richness, which is slightly higher than a previous synthesis of a few plant studies, which showed an average of 41.8% exotics for urban park woody species and 42.6% exotics for vascular species (Nielsen et al., 2014). The results presented here also indicate that the herbaceous plant form has the largest number of invasive species, while the vines have the largest percentage of invasive species of any plant form. These results, among others, may assist managers by providing an assessment of urban park vegetation in relation to existing and future management goals.

For our second research question, we used the sampled data to examine how different urban parks in Portland can be classified by their plant community composition, as well as some of the relationships between parks and a range of environmental variables and plant species traits. The hierarchical agglomerative cluster analysis of the parks in the study included a cluster of five parks that can be generally described as natural-passive use parks with more native species. Other clusters included two multi-use parks with more non-native species, five multi-use and recreational-active use parks with many non-native species and more herbaceous cover, a park with more bare ground and beta diversity between plots, and a park with more non-native trees. Natural-passive use parks could be distinguished from multi-use and recreational-active use parks, but species composition of plots from multi-use and recreational-active use parks were only marginally different from each other. These results indicate that there may be a continuum between the vegetation community composition of the multi-use and recreational-active parks in Portland, which makes clear separation of these two park types difficult. Other studies have also noted that multi-use and recreational-active use parks can be difficult to distinguish (e.g., Weems, 2016).

To answer our third research question, we found that attributes such as natural-passive use park type, wetland presence, hillslope landform, steep slopes, and irrigation were those most strongly correlated with the NMS ordination, indicating that these attributes exert the strongest influence on species abundance and distribution with Portland's urban parks. Some of the most strongly correlated plant trait attributes are related to native and non-native species origin and vine and tree physiognomy. Portland Parks and Recreation already considers attributes such as whether species are native or invasive in management of urban parks. However, invasive species cover was only weakly correlated with the ordination axes, which indicates that in addition to park type, other factors are likely to influence the occurrence of invasive species. Land and water management of nearby and surrounding areas can have a strong impact on the diversity of urban green infrastructure (Hostetler et al., 2011). For example, the use of urban parks with wetlands to help manage nutrient-laden stormwater runoff can lead to conversion of wetlands established to help preserve native vegetation from a more natural vegetation type to one more dominated by invasive species such as reed canary grass (Phalaris arundinacea) (Maurer et al., 2003; Taylor and Santelmann, 2014). Future studies could investigate the effect of park context as well as park type in applying this methodology to Portland and other cities, to further investigate the relative influence of park type and neighborhood context as influences on plant community composition and biodiversity patterns.

Our findings are consistent with other studies that have identified parks as important for conserving biodiversity in urban areas. In a study of 15 urban and suburban park of Flanders, Belgium, the parks had higher amounts of species richness especially if they contained semi-natural habitat and were larger in terms of area (Cornelis and Hermy, 2004). Other studies have also shown that areas with the greatest biodiversity tend to be large and have intact natural habitat (Cornelis and Hermy, 2004; Rosenzweig, 2005; Alvey, 2006). However, in a study of plant composition in different types of urban green spaces in Melbourne, Australia, urban parks had less species diversity than golf courses, residential neighborhoods, and vegetation remnants in urban areas (Threlfall et al., 2016). This was attributed to the urban parks having reduced structural diversity with low tree density, sparse understory, and high amounts of imported mulch, which are managed for basic amenities, low maintenance costs, and safety rather than for biodiversity or habitat. Even so, improved management of plant community composition, structure, and cover of all types urban green spaces, including urban parks, has the potential to greatly influence habitat quality for vertebrates, invertebrates, microorganisms, and fungi (Threlfall et al., 2016). Greater structural diversity of the vegetation also tends to enhance faunal species richness and biodiversity (Rosenzweig, 2005; Fontana et al., 2011).

CONCLUSIONS

By using a standardized method applied consistently across different park types, we were able to identify the influence of urban park type on plant community composition and biodiversity, including tree, sapling/shrub, herbaceous, and vine species. This research builds upon the urban biodiversity research examinof others to examine plant taxonomic composition, structural complexity, and species traits across different types of urban green spaces and extends it toward the examination of different urban park types in Portland, Oregon. The results of this study may assist urban park managers in their aims to promote native species cover, reduce invasive species cover, or achieve other outcomes for Portland's urban parks (City of Portland Bureau of Environmental Services, 2008; Portland Parks Recreation, 2015). The cluster analysis groups, NMS ordinations with joint plots, and hilltop plots can be used to highlight particular parks and/or plant species, as well as provide additional information for potential management actions. For example, park managers can use the results to see that natural-passive use parks are more correlated with native species cover, while multi-use parks tend to be more correlated with non-native species. If park managers are interested in conserving particular plant groups such as ferns, then they can observe how these are more correlated with natural-passive use parks and focus their conservation efforts in these areas. These results may also be used to address environmental equity concerns such as the spatial distribution and accessibility of different types of urban parks (City of Portland Bureau of Environmental Services, 2010; Weems, 2016), as well as accessibility to a range of native habitats and plant biodiversity. Finally, the hilltop plots may be especially useful for identifying species of interest (e.g., rare native species, invasive species, etc.) at their optimum locations to target specific management actions. More in-depth studies and comparisons of plant community composition and biodiversity patterns in urban parks of Portland with other cities would provide greater understanding of the influence of park type on urban biodiversity. Ultimately, improved management of plant community composition, structure, and cover within all park types has the potential to improve habitat quality for animals, microorganisms, and fungi, as well as a range of economic, health, social, and cultural benefits for people who live in urban areas.

CONTRIBUTION TO THE FIELD

Although many studies have identified a variety of land use practices and environmental factors that may affect urban park biodiversity, there have been very few studies that use a standardized method to compare plant taxonomic composition, biodiversity, structural complexity, and species traits across different types of urban green spaces. This research builds upon the urban biodiversity research of others to examine taxonomic composition, structural complexity, and species traits across different types of urban park in Portland, Oregon. By using a standardized method applied consistently across different park types, we were able to identify the influence of urban park type on plant community composition and biodiversity, including tree, sapling/shrub, vine, and herbaceous species. Improved understanding of plant community composition patterns in urban parks can help communities better manage green infrastructure investments, which are important for improving ecological health, community livability, and environmental equity within urban areas. The results of this study may assist urban park managers in their aims to promote native species cover, reduce invasive species cover, or achieve other outcomes for urban parks.
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