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Forest structure but not tree diversity differs among urban woodlands with 
differing conservation status
Erica Padvaiskas, Isabella C Richmond and Carly D Ziter

Department of Biology, Concordia University, Montreal, Canada

ABSTRACT
While biodiversity conservation in urban areas is a topic of great interest, few studies have focused 
on the role that urban conservation areas have for preserving biodiversity. Urban woodlands, 
which are patches of forest habitat confined within the city’s boundaries, offer a promising 
approach to evaluate the importance of conservation areas within cities. Here, we examined the 
relationship between conservation status, forest structure and composition across 11 urban wood
lands in Montréal, Canada. We used field surveys to assess biodiversity, canopy cover, and 
structural complexity for urban woodlands with a conservation status and those without. We 
found that Montréal’s urban woodlands fostered similar levels of biodiversity regardless of con
servation status. Similarly, all urban woodlands supported high proportions of native tree species 
despite differences in conservation status and associated management. Our results suggest that 
both conservation areas and non-status woodlands play an important role in safeguarding urban 
biodiversity. Woodlands with a conservation status, however, had higher canopy cover and 
vegetative complexity, but also contained higher average proportions of invasive trees, particularly 
Rhamnus cathartica (Common Buckthorn). While the high complexity in vegetation layers observed 
may provide habitat to native wildlife, these benefits may be limited by the high proportion of 
invasive trees.

RÉSUMÉ
La conservation de la biodiversité dans les zones urbaines est un sujet important, mais 
peu d’études se sont penchées sur le rôle des aires protégées urbaines à cet égard. Les boisés 
urbains, qui sont des parcelles forestières à l’intérieur des limites d’une ville, offrent 
l’occasion d’évaluer l’importance des aires protégées urbaines. Nous avons étudié la relation 
entre le statut de conservation et la structure et la composition forestières dans 11 boisés urbains 
à Montréal, Canada. Nous avons utilisé des relevés terrain pour évaluer la biodiversité, le couvert 
forestier et la complexité structurelle de boisés urbains avec ou sans statut de conservation. Nous 
avons trouvé que les boisés urbains de Montréal avaient des niveaux de biodiversité similaires sans 
égard à leur statut de conservation. De plus, tous les boisés urbains avaient des proportions 
élevées d’espèces indigènes, et ce, peu importe leur statut de conservation ou leur 
historique d’aménagement. Nos résultats suggèrent que les deux types de boisés (protégés ou 
pas) jouent un rôle important dans la conservation de la biodiversité urbaine. Toutefois, les boisés 
avec statut de conservation avaient un couvert forestier plus important et une plus grande 
complexité végétale. Ils avaient aussi une proportion moyenne d’espèces arborescentes envahis
santes plus élevée, particulièrement Rhamnus cathartica (nerprun cathartique). Ainsi, alors que la 
complexité végétale élevée peut fournir des habitats à la faune indigène, ces bénéfices pourraient 
être limités par la proportion élevée d’espèces envahissantes.
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Introduction

Institutions and communities alike have recognized the 
need for nature-based solutions to build more sustain
able cities, for the long-term benefit of both people and 
biodiversity (United Nations Sustainable Development 
2015; Kabisch et al. 2022). One management strategy 
for increasing the species richness and abundance of 
many taxa in cities is the establishment of urban 

protected areas via the designation of a formal conser
vation status (Trzyna et al. 2014). Protected areas are an 
important strategy for safeguarding or conserving bio
logical diversity (Leroux et al. 2010) and are rooted in 
many global conservation strategies such as the 
Convention on Biological Diversity and the United 
Nations Sustainable Development Goals. However, the 
effectiveness of protected areas for biodiversity 
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conservation is predominately examined in the rural 
landscape (Gaston et al. 2008; Rayner et al. 2014) result
ing in a lack of information regarding the ecological 
success of urban protected areas (Miller and Hobbs 
2002; Ioja and Breuste 2020).

Urban and urban-adjacent protected areas are antici
pated to increase in the coming decades, both through 
increased proximity of existing protected lands to cities 
due to urbanization (McDonald et al. 2020), as well as 
dedicated programs to protect valuable natural habitats 
in cities, such as Canada’s National Urban Parks Plan 
(Parks Canada Agency 2023) or Singapore’s Green Plan 
2030 (Singapore Government 2024). Urban protected 
areas differ significantly from their non-urban counter
parts in terms of frequency and density of visitors, num
ber of involved partners and stakeholders, and exposure 
to multiple anthropogenic stressors (Trzyna et al. 2014; 
Ioja and Breuste 2020). Thus, studies that evaluate the 
effectiveness of urban protected areas for sustaining 
specific aspects of biodiversity are crucial for making 
relevant decisions and achieving urban conservation 
goals.

While urban nature is highly diverse in composition 
and structure, urban woodlands are often targeted as 
potential protected areas due to their ecological, social, 
and recreational importance in many parts of the world 
(Kowarik and Körner 2005; Trentanovi et al. 2021). Urban 
woodlands are patches of habitat that vary in size and 
connectedness, preserved through the heterogeneous 
development of cities (Kowarik and Körner 2005). Urban 
woodlands are structurally similar to natural forest 
stands, with continuous canopy cover and an unma
naged ground layer (Hedblom and Söderström 2008; 
Pn et al. 2017). However, unlike natural forest stands, 
urban woodlands are surrounded by an urban matrix. 
Although forested, an urban woodland is not a synonym 
of urban forest, which the Canadian Urban Forest 
Strategy defines as the ‘trees, forests, greenspace and 
related abiotic, biotic and cultural components in areas 
extending from the urban core to the urban-rural fringe’ 
(Tree Canada 2018, p. 6). Instead, urban woodlands are 
an important component of the urban forest and are the 
most common type of green space for many cities in 
terms of area cover, including in densely populated 
areas (Pauleit et al. 2005).

The vegetation complexity and stem density of urban 
woodlands allows for provision of otherwise underrepre
sented and complementary ecosystem services not pro
duced by other components of the urban forest such as 
manicured parks or street trees (Vieira et al. 2018). For 
example, air purification and climate regulation are more 
prominent in unmanaged urban woodlands compared 
to intensely managed green spaces such as plantations 

and lawns (Vieira et al. 2018). Urban woodlands are also 
sought after for their contribution to cultural or non- 
material ecosystem services, including recreation and 
stress reduction (Lupp et al. 2016; Yao et al. 2021).

In addition to providing ecosystem services, urban 
woodlands offer an opportunity to investigate the effec
tiveness of urban-protected areas for multiple aspects of 
biodiversity conservation. Unlike other urban green 
spaces, urban woodlands contain high tree density and 
complex vegetation layers (trees, shrubs and herbaceous 
strata) (Vieira et al. 2018; Xu et al. 2021). High canopy 
cover and the presence of many vegetation layers pro
vide habitat to birds, amphibians, and other small ani
mals (Noël and Lapointe 2010; Lintott et al. 2014; Otieno 
and Mutati 2021). A study conducted in Rennes, France, 
found that urban woodlands can support more than 
50% of the species present in adjacent peri-urban forests 
(Croci et al. 2008). Urban woodlands are also capable of 
maintaining high levels of native tree species. In 
New York City, 84% of the total canopy cover of urban 
woodlands is native (Pregitzer et al. 2019). In compari
son, a city-scale urban canopy assessment of New York 
City revealed that only 55% of the overall canopy was 
native (Nowak 2007). Native trees have coevolved with 
other native biotas, resulting in the capability of native 
tree species to support high levels of native insects and 
birds (Narango et al. 2018). For example, Tallamy and 
Shropshire (2009) found that native plant genera sup
ported 3-fold more caterpillars than non-native plant 
genera.

Notwithstanding their capacity to conserve native 
trees relative to more manicured urban green spaces, 
urban woodlands are vulnerable to degradation due to 
high fragmentation, frequent disturbance, and complex 
land use histories (Ramalho et al. 2014; Pregitzer and 
Bradford 2023). In the above-cited example of 
New York City, for example, non-native species were 
prevalent in groundcover layers. Similarly, non-native 
shrubs are also highly prevalent in urban and urban- 
adjacent woodlands (Johnson et al. 2020). Urban wood
land management likely plays an important ‒ but still 
poorly understood ‒ role in determining biodiversity 
outcomes across these highly variable social-ecological 
systems (Pluess et al. 2012).

While the benefits of urban woodlands are increas
ingly acknowledged, their management outcomes 
remain understudied relative to street trees, manicured 
parks, and urban canopy over multiple land use types 
(Hedblom and Söderström 2008; Pn et al. 2017; Pregitzer 
et al. 2019). Specifically, although the establishment of 
protected areas through a formal conservation status 
designation is a management strategy used in urban 
woodlands (Trzyna et al. 2014), the success of this 
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management strategy is not well understood. Our study 
investigated the importance of establishing conserva
tion areas for maintaining tree biodiversity in urban 
woodlands open to public recreational activities. 
Specifically, we examined how formal status and asso
ciated management of urban woodlands targeted 
towards biodiversity conservation determines biodiver
sity outcomes. Through a case study of parks across the 
Island of Montreal, Quebec, Canada, we asked, how does 
forest composition and structure differ between urban 
woodlands that have an official conservation status (i.e., 
nature parks) and those which do not (i.e., non-status 
woodlands in urban parks)?

Urban woodlands are valuable contributors to urban 
biodiversity and provide key forested habitats within the 
city boundaries (Hedblom and Söderström 2008). Within 
this system, we hypothesized that there would be key 
differences in the presence of woody invasive species, 
tree species richness, tree Shannon diversity, canopy 
cover, and vegetative complexity between urban wood
lands with and without an official conservation status, 
given that management plans in conservation sites are 
specifically designed to protect and enhance biodiver
sity and habitat quality. For example, the presence of an 
official protected park area has resulted in an increase in 
vegetative native species, species richness, alpha diver
sity, and gamma diversity in two Quebec parks 
(Bourdages and Lavoie 2011; Beauvais et al. 2016).

First, we hypothesized that conservation areas will 
foster fewer invasive woody species and stems than 
nearby non-status woodlands. We expected these differ
ences because the Ecosystem Management Program 
used in Montreal nature parks includes active monitor
ing and removal of invasive species such as Rhamnus 
cathartica (common buckthorn) and Rhamnus frangula 
(glossy buckthorn) (de Montréal 2013), and long-term 
management has been found to reduce the impacts of 
invasion in urban woodlands (Johnson and Handel 
2019). Consequently, we hypothesized that the nature 
parks – if subject to less invasion – would retain a higher 
tree species richness and Shannon diversity compared to 
non-status woodlands.

Second, we hypothesized that the forest structure will 
differ among non-status woodlands and nature parks, 
with nature parks having higher levels of canopy cover 
and more complexity in vegetation structure compared 
to non-status parks. We expected to see these differ
ences in forest structure due to the contrasting manage
ment strategies in the nature parks versus non-status 
woodlands. The management of nature parks aims to 
maximize biodiversity, as such shrubs, understory, and 
woody debris are not removed (de Montréal 2013). In 
contrast, the management of non-status woodlands may 

focus more strongly on providing recreation opportu
nities which entails the removal of the shrub and unders
tory layers. We also assume that park visitors are less 
likely to engage in off-trail recreational activities in nat
ure-parks compared to non-status woodlands due to 
more prevalent signage and well-established trail net
works, leading to reduced human pressure on plant 
biodiversity compared to non-status woodlands – 
further reinforcing our above hypotheses (Ballantyne 
and Pickering 2015).

Methods

Study site

We conducted this study across the Island of Montréal, 
located in southern Québec, Canada (45.50 °N, 73.75 °W). 
Montréal is the second most populous city in Canada, 
with over 2 million residents on the island (Government 
of Canada and Statistics Canada 2023). Sampling was 
conducted across urban woodlands that were subse
quently categorized as parks: (1) with a conservation 
status (i.e., Montréal’s nature parks) or (2) without 
a conservation status (i.e., non-status woodlands) 
(Figure 1). Montréal’s nature parks are a network of 
conservation areas collectively covering 13.8 km2 which 
were established in the 1980s to protect vital habitats 
and promote conservation and biodiversity protection 
(de Montréal 2013, 2018). These parks are managed 
through the Ecosystem and Landscape Management 
Program, which includes initiatives such as the removal 
of invasive species and directed tree planting of native 
tree species (de Montréal 2004). However, not all urban 
woodlands in Montréal are found within conservation 
areas. These additional woodlands, referred to here as 
non-status woodlands, are also key forested habitats 
within the city’s boundaries yet lack an official conserva
tion status. Non-status woodlands chosen for our study 
are part of city parks and are thus also managed by the 
City of Montréal and their respective boroughs. 
Although biodiversity conservation is a goal for all 
green spaces in Montréal, non-status woodlands are 
primarily managed for aesthetic and recreation purposes 
(de Montréal 2018). For example, management of these 
spaces may include the removal of shrubs and other 
understory species to make room for recreation spaces 
or for aesthetic reasons.

the summer of 2022, we selected 6 nature parks and 5 
non-status woodlands to sample, within the constraints 
of a larger research project (Richmond et al. 2025). Using 
data obtained from the City of Montréal Open Data 
Portal (Ville de Montréal 2022), the boundaries of each 
park and the respective wooded areas were determined. 
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All sites were previously forested and were not used for 
agricultural or industrial purposes immediately prior to 
being designated as a park – confirmed by City of 
Montréal archives – ensuring similarity in land-use his
tory across sites. Nature parks were generally found in 
the suburban or peri-urban parts of the island, whereas 
non-status woodlands were typically located in more 
densely populated areas near the city center, although 
there are exceptions to this (Figure 1). We focused on 
differences caused by management in this study, as the 
soil conditions across the selected sites are similar 
(Paulauskas, unpublished data).

Sampling plot selection

To capture variation across sites, we selected nine 
sampling plots per site in areas spanning three 
canopy classes: high canopy (>80%, n = 3), medium 
canopy (31–79%; n = 3), and low canopy (10–30%, n =  
3) (see Richmond et al. for details). For some parks 
that were smaller or had homogeneous canopy cover, 
we could not obtain three sampling points in each 
canopy class. In those cases, we sampled the max
imum number of plots per canopy class possible. If 
we arrived at points in the field and they were not 
accessible or did not represent their canopy class 
anymore (i.e., trees had been cut or added), we did 
not use that point and instead found an appropriate 
sampling plot in the field.

Sampling plot evaluation

Once in the field, we constructed a 0.08-hectare square 
plot (800 m2), which is larger than the standard 0.04 ha 
plot often used in forest inventories (i.e., iTree protocol). 
Multiple plot sizes are considered acceptable for urban 
forestry work, although it has been demonstrated that 
after 0.04 ha the sampling effort may outweigh the num
ber of new species found (Nowak et al. 2008). Given that 
our parks were highly variable and we had a relatively 
small sample size, we opted for a larger plot to gain as 
much sampling coverage as possible. At the center of 
the plot, we recorded GPS location, structural complex
ity, and tree species and size. Here, we define structural 
complexity as the sum of the number of vegetation 
layers present in each plot. This includes the presence 
of an overstory layer, an understory layer, and a shrub 
layer (Canadian Forestry Inventory Committee 2008) (i.e., 
plots were assigned a ‘1’ if one vegetation layer is pre
sent; ‘2’ if two of the vegetation layers are present; or ‘3’ 
if all vegetation layers are present). An overstory layer 
was defined as woody stems with foliage at the top of 
the canopy, while the understory layer was defined as 
woody stems with foliage underneath the top level of 
the canopy but over 2 m (i.e., larger than shrubs). Within 
each plot, each tree was identified to the species level, 
and the diameter at breast height (DBH, at 1.3 m) and 
canopy layer (i.e., overstory or understory) were 
recorded. We examined all woody stems over 2 m in 
height and with a DBH of ≥5.0 centimeters (cm).

Figure 1. Location of the study area on the island of Montreal. The island is a beige colour, with rivers in blue surrounding it on both 
sides. Polygons showing the boundaries of 11 urban woodlands across the island, split into two categories. Dark green polygons 
represent nature parks with a conservation status, light green polygons represent non-status urban woodlands. Each park is labelled 
with the park’s name.
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Species composition

Species composition was evaluated by categorizing tree 
species as native, non-native, and invasive. A native sta
tus was classified as a species whose native species 
range includes Quebec (Brouillet et al. 2024). Non- 
native species included trees that were not native to 
Quebec but were also not invasive. Finally, invasive spe
cies were defined as species that rapidly colonize new 
sites and who dominate the area once established 
(Lavoie et al. 2022). Invasive species classification was 
defined using Quebec-specific resources (Plant 
Dynamics Laboratory and Plant Biology Research 
Institute 2008; Lavoie and Ayotte 2019; Lavoie et al. 
2022). Following the classification of species origins, we 
determined the proportion of invasive species per park. 
We did this by summing the number of invasive species 
across all sampling plots in a park and then dividing each 
site by its respective total species richness.

Due to the notably high abundance of particular 
invasive species, such as Rhamnus cathartica (Common 
Buckthorn), we also calculated the proportion of invasive 
stems (i.e., the proportion of individual trees that were 
invasive to Quebec) per park by summing the number of 
invasive trees per park then dividing each park by its 
respective total number of trees.

Canopy cover

We calculated canopy cover for each site using 2021 
LiDAR data (métropolitaine de Montréal 2021). 
Proportions of pixels containing canopy cover were cal
culated across the park boundary using the ‘stars’ and ‘sf’ 
packages (Pebesma et al. 2023a, 2023b) and then used 
to calculate the overall percent canopy cover.

Statistical analysis

Although the number and size of plots were consistent 
across all woodlands, the parks varied significantly in their 
total area. As such, smaller parks were sampled more 
extensively than larger ones. To account for differences 
in sampling coverage, we used the iNEXT package in R to 
characterize species indices (species richness and 
Shannon diversity) for each park (Tc et al. 2016). Species 
rarefaction curves were created to account for the differ
ent sampling efforts across parks. Curves were visually 
analyzed to verify the urban woodland with the lowest 
sampling cover. Biodiversity indices were then calculated 
based on the lowest sampling coverage (Chao et al. 2014).

We used general linear models and beta regression to 
test whether forest composition and structure are asso
ciated with conservation status in urban woodlands. We 

made a separate model for each dependent variable; 
proportion of invasive species, proportion of invasive 
stems, species richness, Shannon diversity, structural 
complexity, and canopy cover. For species richness, 
Shannon diversity, and structural complexity, we used 
general linear models with independent variables includ
ing the park conservation status, size of the woodland, 
and proportion of invasive stems. For canopy cover, we 
used a beta regression model (`betareg` package; Zeileis 
et al. 2024) with independent variables including the park 
conservation status, size of the woodland, and proportion 
of invasive stems. For the proportion of invasive species 
and the proportion of invasive stem models, we used beta 
regression models with independent variables including 
park conservation status and size of the woodland. All 
numeric independent variables were scaled and centered 
before modeling. After building the models, we assessed 
residuals to ensure that assumptions of normality, inde
pendence, and heterogeneity were met. Given our small 
sample size, we use a p-value of 0.10 to indicate statistical 
significance. We performed all statistical analyses using 
R version 4.4.2 (The R Core Team and Contributors 
Worldwide 2024).

Results

We sampled a total of 2,834 trees from 29 genera and 57 
species across both nature parks and non-status wood
lands. Of the 57 species we surveyed, 39 tree species were 
native to Quebec, 12 species were non-native but not 
invasive, and 6 species were invasive to the area (Table 
S1). Although invasive species accounted for only a small 
fraction of the total number of species (10%), the second 
most common species overall in terms of stem abun
dance was the invasive Rhamnus cathartica (Common 
Buckthorn). Other common species included the native 
Acer saccharum (Sugar Maple), Ostrya virginiana 
(American Hophornbeam), Ulmus americana (White Elm), 
and Fraxinus pennsylvanica (Green Ash).

Proportion of invasive species

We examined the proportion of invasive species for each 
park and found that both types of woodlands fostered 
relatively low levels of invasive species, with the propor
tion of invasive species under 25% in all parks. Invasive 
species were present in all urban woodlands, regardless 
of conservation status. The proportion of invasive spe
cies was not statistically significantly related to conser
vation status (estimate =  − 0.13, SE = 0.27, p = 0.63, 
Table S6) or woodland size (estimate = 0.0, SE = 3 × 
10−3, p = 0.27, Table S6).
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Proportion of invasive stems

Overall, we identified 556 invasive individuals across 
both types of urban woodlands. Invasive species were 
found in all woodlands regardless of conservation 
status. However, the mean proportion of invasive 
stems varied between the nature parks and non- 
status woodlands (Figure 4a). Proportions of invasive 
stems ranged from 1% to 46% (mean = 13%) in urban 
woodlands and from 1% to 52% (mean = 21%) in 
nature parks. The proportion of invasive stems is not 
statistically significantly related to conservation status 
(estimate = 0.34, SE = 0.61, p = 0.58, Table S7); how
ever, there is a higher average of invasive stems 
seen in the nature parks (Figure 4b). Woodland size 
is also not statistically significantly related to the pro
portion of invasive stems (estimate = 0.0, SE = 0.01, p  
= 0.69, Table S7)

Diversity indices

After rarifying to account for sampling coverage, spe
cies richness per location ranged from 11.4 to 22.2 
(mean = 17.2) in non-status woodlands, versus 
13.1–29.7 (mean = 18.7) in nature parks. The mean 

Shannon diversity ranged from 9.9 to 19.6 species 
in non-status woodlands (mean = 15.0) and from 
11.6 to 24.2 (mean = 15.6) in nature parks. Neither 
species richness nor Shannon diversity was statisti
cally significantly different across conservation status 
(estimate = 2.7/1.9, SE = 4.4/3.5, p = 0.56/0.59, Tables 
S2-S3). Similarly, species richness and Shannon diver
sity were not significantly affected by woodland size 
(estimate = 0.2/-0.4, SE = 2.1/1.6, p = 0.94/0.83, Tables 
S2-S3), or the proportion of invasive species (esti
mate =  −1.4/−1.1, SE = 2.2/1.8, p = 0.56/0.53, Tables 
S2-S3).

Canopy cover

Canopy cover ranged from 36% to 86% (mean = 74%) 
in non-status woodlands and ranged from 75% to 
98% (mean = 89%) in nature parks. Nature parks had 
statistically significantly higher levels of canopy cover 
(estimate = 1.4, SE = 0.57, p = 0.01, Figure 2, Table S4). 
The woodland size (estimate =  −0.3, SE = 0.2, p = 0.27, 
Table S4) and proportion of invasive species (esti
mate =  −0.2, SE = 0.3, p = 0.38, Table S4) did not 
have statistically significant relationships with canopy 
cover.

Figure 2. (a). The proportion of invasive stems for nature parks and non-status woodlands. Native is defined based on if the species’ 
range includes Quebec (to see each species’ designation see table S1). (b) Model predictive values for proportion of invasive stems as 
a function of conservation status (black dots indicate mean with 95% confidence intervals). Grey dots indicate raw data values for each 
park measured (see table S7 for model summary).
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Vegetative complexity

We found that structural complexity (i.e., the number of 
vegetation layers) was significantly positively related to 
conservation status (estimate = 0.5, SE = 0.2, p = 0.09, 
Figure 3, Table S5), but not to the woodland size (esti
mate =  −0.03, SE = 0.1, p = 0.79, Table S5), or proportion 
of invasive species (estimate = 0.08, SE = 0.1, p = 0.6, 
Table S5).

Discussion

We assessed whether a formal conservation status and 
associated management of Montréal’s urban woodlands 
is related to biodiversity outcomes. Specifically, we 
examined the difference in forest structure and compo
sition of urban woodlands designated as nature parks 
compared to those within the regular park system – such 
that all sites are open and accessible to the public and 
under the jurisdiction of the City of Montreal. We found 
no differences between park types with respect to pro
portion of invasive species, proportion of invasive stems, 
species richness, or Shannon diversity. Our hypotheses 
were partially supported, as nature parks had signifi
cantly higher levels of vegetative complexity and canopy 
cover compared to non-status woodlands.

We hypothesized that nature parks would have 
higher proportions of native trees, an important criterion 
for assessing urban biodiversity (Threlfall et al. 2017; Liu 
and Slik 2022). Native trees provide resources and habi
tat for native fauna and tend to foster higher levels of 
native species compared to non-native trees (Tallamy 
and Shropshire 2009, Narango et al. 2018). We expected 

that nature parks would have a lower proportion of 
invasive species, and in turn, a higher percentage of 
native species. Our results show, however, that the pro
portion of tree species native to Quebec was high (above 
65%) in all but two urban woodlands (one nature park at 
47% and one non-status woodland at 30%), regardless of 
conservation status. Our findings that even non-status 
urban woodlands are valuable green spaces for main
taining native tree species are consistent with other 
studies, which demonstrate that urban woodlands main
tain a high percentage of native trees (Bouchard 1979; 
Domon et al. 1986; DeCandido et al. 2004; Pregitzer et al. 
2019). Considering that the City of Montréal, like many 
cities, aims to increase the proportions of native tree 
species (de Montréal 2013), planning policies should 
consider the establishment of urban woodlands or 
other more natural green spaces to increase native 
biota (Pregitzer et al. 2019; Trentanovi et al. 2021). This 
aligns with an increasing trend towards urban conserva
tion strategies such as Miyawaki forests (or ‘tiny forests’, 
which prioritize dense plantings of native tree species) in 
global cities (Lewis 2022).

We hypothesized that non-status woodlands would 
foster a higher proportion of invasive species and stems. 
We expected to see these differences due to differences 
in management priorities, as well as an assumption of 
greater human impact (e.g., through a higher density of 
visitors and/or more off-trail activity in the more cen
trally located and less-monitored non-status woodlands) 
(Hedblom and Söderström 2008). Specifically, the 
Ecosystem Management Program used in the nature 
parks is meant to actively monitor and remove invasive 
species (de Montréal 2013) thus presumably resulting in 
a lower prevalence of invasives. However, our results 
found (1) no noticeable difference between the propor
tion of invasive species in the nature parks and non- 
status woodlands (Table S6) and (2) a greater (although 
not statistically significantly so) proportion of invasive 
stems in the nature parks (Figure 4, Table S7).

The majority of invasive species were a minor compo
nent of the species composition; however, Rhamnus 
cathartica (Common Buckthorn) was found at high pro
portions across the nature parks. For example, at the 
study site with the highest proportion of R. cathartica 
stems (Cap-Saint-Jacques Nature Park), 52% of all indivi
dual trees sampled were R. cathartica, with other nature 
parks boasting high proportions of R. cathartica as well 
(e.g., 20% of stems at Île-Bizard Nature Park and 30% of 
stems at Bois-de-Leisse Nature Park; Table S1). This high 
proportion of R. cathartica was not observed in the non- 
status woodlands. For example, the site with the highest 
proportion of R. cathartica for the non-status woodlands, 

Figure 3. Model predictive values for percent canopy cover as 
a function of conservation status (black dots indicate mean with 
95% confidence intervals). Grey dots indicate raw data values for 
each park measured (see table S4 for model summary).
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reached only 6.9% of the total stems (Parc Angrignon, 
Figure 4a, Table S1).

The high proportion of invasive stems observed in 
nature parks may be reflective of the landscape sur
rounding the woodlands (Johnson et al. 2020). While 
all sites were forested prior to park establishment, the 
woodlands of the nature parks are often surrounded by 
abandoned agricultural fields which are frequently 
dominated by common buckthorn. This was historically 
used as a hedge species (Stover and Marks 1998; McCay 
et al. 2009) and may be facilitating R. cathartica’s spread 
into nature parks. Alongside this historical influence, it 
may also be that the Ecosystem Management Program is 
insufficient – or insufficiently implemented – for tackling 
the removal of invasive trees given the large size of most 
nature parks and limited resources for invasive species 
management (Pluess et al. 2012). An underappreciated 
aspect of smaller, neighbourhood woodlands may be 
the feasibility of controlling invasive species and improv
ing ecological quality through more intensive manage
ment of small areas (Johnson and Handel 2019) – 
particularly in cases where residents are actively 
involved in their care, as is often the case with local 
stewardship groups (e.g., ‘friends-of park’ groups) in 
more densely populated urban areas (Fors et al. 2018). 
A limitation of this study was that we were unable to 
measure the implementation of management plans. 
Future work incorporating both implementation and 
efficacy of management plans for a variety of green
space types could improve our understanding of the 
role of conservation designations in urban spaces.

Our results suggest that the conservation potential 
of nature parks may be limited by the well- 

documented negative effects of R. cathartica in 
urban woodlands (Heneghan et al. 2004; Grady et al. 
2012). The rapid growth of R. cathartica allows it to 
outcompete native tree species and establish domi
nance across woodlands (Knight et al. 2007). Once 
established, R. cathartica creates a dense canopy and 
has allelopathic abilities which further inhibits the 
establishment of potential native plant competitors 
(Seltzner and Eddy 2003; Warren et al. 2017). 
R. cathartica can also facilitate the establishment of 
additional invasive species (i.e., invasional meltdown, 
Heimpel et al. 2010). Our findings suggest that with
out significant intervention, the high prevalence of 
R. cathartica may shift local plant community compo
sition and ultimately limit biodiversity conservation in 
parks where common buckthorn is abundant, i.e., in 
nature parks).

Our results showed no significant differences in mean 
species richness and Shannon diversity. These results 
highlight that urban woodlands support similar levels 
of woody plant richness regardless of conservation sta
tus. These results are supported by previous studies that 
have examined the relationship between urban wood
lands and tree species richness. Non-status urban wood
lands have been established as key spots for woody 
plant species richness across the globe, regardless of 
conservation status (DeCandido et al. 2004; Cornelis 
and Hermy 2004; Korhonen et al. 2020). Furthermore, 
in Quebec riparian areas, the presence of intact forest 
rather than a protected area designation influences the 
quantity and quality of multiple ecosystem services and 
tree biodiversity (Hanna et al. 2020). Such findings sug
gest that while protection can be an important mechan
ism to conserve a particular land-cover class (i.e., forest), 
good conservation outcomes are not necessarily limited 
to formally protected areas. Non-status spaces, under 
appropriate management, can also foster high levels of 
species richness (Cox et al. 2011; Rayner et al. 2014). This 
presents an opportunity for urban planners and deci
sion-makers to prioritize and value non-status wood
lands for biodiversity planning alongside conservation- 
oriented parks.

In addition to differences in species composition, spe
cies richness, and Shannon diversity, we expected to see 
differences in forest structure, with nature parks having 
higher canopy cover and structural complexity. Our 
hypotheses were supported, with nature parks on average 
having both higher canopy cover and higher structural 
complexity. Differences in forest structure are likely reflec
tive of management strategies between nature parks and 
non-status woodlands. The Ecosystem Management 
Program used in these parks involves minimal interven
tion to maximize biodiversity conservation (de Montréal 

Figure 4. Model predictive values for mean vegetative complex
ity as a function of conservation status (black dots indicate mean 
with 95% confidence intervals). Grey dots indicate raw data 
values for each park measured (see table S5 for model 
summary).
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2013. Consequently, dead wood and shrub and unders
tory layers are retained unless they present a safety con
cern to visitors or overgrow paths (de Montréal 2004). In 
contrast, non-status woodlands are primarily managed for 
recreation. As such, shrubs, understory layers, and trees 
contributing to the canopy are often removed for either 
aesthetic or recreational purposes (de Montréal 2018). We 
intentionally selected urban woodlands that had similar 
historical legacies (i.e., preserved forest remnants as 
opposed to agricultural land), further emphasizing these 
differences as a result of current management practices, 
not historical differences.

Maintaining high structural complexity (i.e., the pre
sence of a shrub, understory and overstory layer) is 
ecologically important. Structurally complex vegetation 
layers serve as habitat and an important refuge for spe
cialist fauna (Hyde et al. 2006; Remeš et al. 2022). For 
example, Threlfall et al. (2017) showed that increasing 
understory volume in urban green spaces by 10–30% 
resulted in a 30–120% increase in bird, bat, and beetle 
proportions. Thus, although we found that nature parks 
and non-status woodlands support similar levels of tree 
species richness and Shannon diversity, these results 
may not hold for herbaceous vegetation (DeCandido 
et al. 2004; Bergeron et al. 2019). Given the increased 
structural complexity, further investigation is warranted 
to see if nature parks are supporting higher levels of 
native species, species richness, and Shannon diversity 
in the herbaceous understory. If one of the goals of non- 
status woodlands is to maintain structural complexity, 
adopting strategies from the Ecosystem Management 
Program, which promotes the retention of the shrub 
and understory layers, may help to achieve that goal.

However, the increased structural complexity in 
nature parks is most likely being created in part by 
the high abundance of R. cathartica stems. Given this 
connection, further investigation is needed to deter
mine if the high proportion R. cathartica are limiting 
the benefits provided by high structural complexity in 
nature parks. For example, while the negative effects 
of R. cathartica have been well documented (Knight 
et al. 2007; Warren et al. 2017), less is known on the 
potential benefits of common buckthorn. For 
instance, studies conducted in woodlands in Illinois 
and Montreal found that many bird species, including 
important native species such as the Cardinalis cardi
nalis (northern cardinal) and Turdus migratorius 
(American robin), nested in R. cathartica (Whelan 
and Dilger 1992; Cull et al. 2024). The high preva
lence of birds nesting in invasive woody species was 
due to the lack of native shrub alternatives (Whelan 
and Dilger 1992).

As urban parks continue to tackle the removal of 
invasive species, it is crucial that management consid
ers the holistic implications of removing such abundant 
species, which may potentially be providing habitat – 
albeit habitat that could potentially be improved by 
replacement with native shrub species (Gaertner et al. 
2016). Although replacing invasive shrubs with native 
alternatives does not necessarily improve structural 
complexity, it will increase habitat quality by offering 
more required resources such as food and result in 
higher abundance and species richness of native 
fauna (Tallamy and Shropshire 2009, Narango et al. 
2018). Future studies should also assess the abundance 
and species richness of multiple taxa and trophic levels 
to determine the extent to which differences in both 
the presence and composition of a shrub layer drives 
urban biodiversity more broadly.

Our study helps bridge the gap in the lack of 
information regarding urban woodland management 
and the role that urban conservation areas have for 
safeguarding biodiversity. The results of our study 
provide evidence that urban woodlands foster high 
levels of native tree species, regardless of conserva
tion status. While a conservation status may not be 
necessary to preserve tree species richness or propor
tion of native species, the less intensive management 
strategy used in the nature parks may be important 
for fostering high levels of canopy cover and struc
tural complexity. Despite the known benefits that 
structural complexity has for supporting fauna spe
cies, our conclusions are limited because we did not 
identify which species are making up the shrub and 
understory layer. Based on the high proportion of 
R. cathartica (common buckthorn) found in the nat
ure parks, however, we can assume that this invasive 
species contributes to the high structural complexity 
and at times, canopy cover. Future research is needed 
to investigate if the potential benefits received from 
common buckthorn, in terms of providing structural 
complexity and wildlife habitat, outweigh the known 
negative effects.
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