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Executive Summary 
This Nova Scotian case study explored the ecological integrity of institutionalized greenspace using an 

urban forestry lens. Approaching the investigation through a triple-bottom-line analysis, in combination 

with a comparative study between the tree population found on an inner-city Halifax golf course and 

“naturalized” ingrowth areas around the municipality, provides insight into the ecosystem services these 

greenspaces can provide, despite (or because of?) intensive anthropogenic intervention. Despite 

common perceptions that golf courses are environmentally detrimental and socially exclusive 

developments, arguments are made for the ecological and social integrity of these spaces under 

appropriate management regimes.  
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Introduction 
To most, an urban forest is not an archetypal representation of an ecosystem. Although it is clear that 

street trees are botanic lifeforms in otherwise highly humanized landscapes, their neat planting in 

intentional rows distinguishes them from the unkempt and more “natural” wilderness. Urban ecologists 

and foresters; however, argue that urban ecosystems can hold great ecological value, especially as the 

global population continues to rise (Cilliers & Seibert, 2011; Ordóñez & Duinker, 2012; Endreny et al., 

2017). While the ecosystem services (ES) provided by street trees, such as rainwater filtration, storm-

water management, carbon capture, and amelioration of the urban-heat-island effect (Duinker et al., 

2015) have been well-documented, it is less clear how trees growing on institutionalised greenspaces 

(IGS) such as golf courses cemeteries, or military bases might contribute to urban ecosystems. Rather, 

golf courses specifically have been extensively condemned for their history of environmental 

degradation, and are rarely—if ever—perceived as conservational space. To challenge these views, this 

paper explores the ecological integrity of golf courses, using the Old Ashburn Golf Course (OAGC) in 

Halifax, Nova Scotia (NS), as a case study. 

 

Using urban forestry as a lens, first a literature review explores the ecological benefits and detriments of 

urban golf courses in the environmental, social, and economic spheres, in addition to investigating the 

challenges and opportunities associated with managing golf courses as ecological spaces. Next, a 

comparison has been conducted between the forested patches on the OAGC and more “naturalized” 

areas of tree growth (i.e. peri-urban forests) around the Halifax Regional Municipality (HRM) to 

determine the existing ecological integrity on the OAGC. Finally, the conclusion synthesizes findings and 

offers recommendations for improvement to overall golf courses management. 

Background 
Recognizing the importance of revitalizing the urban canopy in the HRM and retaining native Acadian 

species—where possible—in NS, the Halifax Urban Forest Master Plan (UFMP) was drafted and made 

publicly available in 2013. Using a neighbourhood-based planning approach, the UFMP identified 111 

distinct neighbourhoods across the HRM, which included the Ashburn/Armdale neighbourhood, as can 

be seen in Figure 1 (HRM, 2013). Although the smallest of the ten identified neighbourhoods, 

Ashburn/Armdale presents a significant opportunity for tree growth due to the large swath of land at its 

centre: OAGC, a ninety-five-year-old, 57 ha, inner-city golf courses with a tree population of 

approximately 20,000 stems.  
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        Figure 1: Communities identified by the UFMP (HRM, 2013, p. 7) 

Project Purpose 

Although preliminary reconnaissance visits, early in 2017, determined that the tree population on the 

OAGC was disproportionately mature and showed signs of degradation due to disease, the initial intent 

of this study was to produce recommendations for future management strategies, both for the 

improvement of canopy coverage on the course and for the benefit of the entire Ashburn/Armdale 

community. Thus, the primary data analyzed for this report were collected via tree inventory as a 

collaborative research project between Dalhousie University (Dal) and OAGC management. Although 

using the same data, this present study differs in that it aims to identify barriers and opportunities to the 

development of ecological value, specifically through improved forest management on IGSs, such as golf 

courses.  This is identified as a timely pursuit as increasing urbanization results in persistent 

fragmentation and destruction of greenspace. 
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Research Goals 

According to Ecosystem Land Classification guidelines, the entire province of NS is located in the Acadian 

Forest Ecozone (Rowe, 1972), meaning that forested landscapes across the province are mostly 

characterized by native Acadian species. Thus, this study compares the tree species distribution and size 

structure on OAGC to that of a healthy, mature, Acadian forest, then compares these findings to forest 

patches less affected by human development (i.e. “naturalized” patches) around the HRM to illustrate 

the ecological viability of golf courses. It is important to note that in this context, “naturalized” is 

defined as the transition of an urban space toward compositional, structural, and functional similarity to 

local non-urban forests considered ‘natural’ (Duinker, 2017 Nov 1, personal communication). Additional 

considerations will be made based on species and age distribution to determine whether golf courses 

could potentially serve a purpose as conservational landscapes. As it is recognized that much of the total 

area of golf courses is occupied by heavily manicured lawns, the primary focus of this analysis is tree 

populations, though some consideration is made to the benefits of permeable ground cover, (i.e. 

turfgrass), in comparison to hard infrastructure.  

Literature Review 
It is estimated that there are 25,000 golf courses worldwide (Guzmán & Fernández, 2014), which occupy 

approximately 1.5 million hectares of land (Golf Course Superintendents Association of America, 2007). 

In Canada, specifically, an approximate land area of 110,166 ha is occupied by golf courses infrastructure 

from the west coast of British Columbia to the east coast of Newfoundland, as is illustrated in Figure 2 

(Golf Canada & The PGA of Canada, 2015). This land-use estimate is likely conservative, however, as the 

average course area that was used to calculate it is slightly smaller than most Canadian courses.  

Although its exact history is unknown, it is theorized that the inaugural game of golf was played in the 

thirteenth century, though its current incarnation, as a game played across sprawling swaths of green 

infrastructure, did not appear until 1774 (Guzmán & Fernández, 2014). Such as it is, the four playing 

area types - greens and tees, fairways, driving range/practice areas, and roughs - occupy an approximate 

average area of 2.4 ha, 12 ha, 2.8 ha, and 21 ha of land, respectively, per 18-hole course (Baris, Cohen, 

Barnes, Lam, & Ma, 2010). As the former three play areas are far more intensely managed than the 

latter, and the average land area of a golf courses measures to roughly 61 ha (GCSAA, 2007), only 28% of 

golf courses are subject to intensive human intervention (Baris et al., 2010). This means that once 

pathways, waterbodies, and gray infrastructure (i.e. parking and buildings) are considered, within the 

boundaries of most golf courses it is reasonable to estimate that at least half of the land is greenspace 
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subject to low intensities of management intervention, such as forest. While there are exceptions to 

these approximations, such as courses constructed in desert landscapes (Larson & Perrings, 2013; Golf 

Information, 2016), the value of well-treed courses as ecologically significant spaces has been well -

documented over the past two decades (Terman, 1997; Yasuda & Koike, 2006; Hodgkison, Hero, & 

Warnken, 2007). Although some criticism still exists regarding the environmental impacts of golf courses 

developments and the social structures that govern them, in recent years it is the latter that has 

received the most attention. 

Figure 2: Golf course land-use intensity in Canadian provinces (data adapted from golf courseAA, 2007 and Golf Canada & The 
PGA of Canada, 2015) 

 

Despite their water, herbicide, and pesticide usage (Baris et al., 2010), in inner-city environments, where 

greenspace tends to be fragmented or degraded in favour of urbanization, well-managed golf courses 

hold tremendous conservational value (Hodgkison et al., 2007). Yet, in an ironic twist of fate, recent 

years have shown a high proportion of redevelopment of golf courses into suburban neighbourhoods 

(Cain, 2016 & Javed, 2016). Due to the financial inaccessibility of private golf clubs contributing to 

perceptions of these spaces as exclusionary and elitist (Lorentz, Getherall, Bein, & Beditz, 2015), these 

redevelopments are not always seen as negative occurrences, especially in highly populated cities such 

as Toronto, where space for residential development only exists at a high premium (Cain, 2016). 
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However, it is difficult to determine which is least financially accessible: an inner-city golf courses or a 

brand-new suburban development in Canada’s largest city? Moreover, which supports more ecological 

diversity, a golf courses or a residential development? With a significant amount of global land occupied 

by golf courses, it is important to understand the environmental, social, and economic impacts these 

developments present to determine their ecological viability and long-term sustainability. Therefore, a 

triple-bottom-line (TBL) analysis has been conducted.  

Typically employed as an accounting tool (Slather & Hall, 2011), the TBL framework was chosen as there 

is ample opportunity to enhance urban ecological viability via improved golf courses management, this 

potential is overshadowed—and often ignored—by the big-business (i.e. profit-driven) paradigms 

governing golf courses operations. Although environmental considerations are emphasized in this study, 

human decision-making defines these landscapes, making the human element of golf courses an 

overlapping, and indeed inseparable, component of their operationality. The following literature review 

examines these issues and applies them to the Nova Scotian context to localize the scope of study. 

Environmental 

Historically, forests in Canada have been classified according to eight types, the most dominant of which 

is the boreal, which stretches from the northern most reaches of the Yukon to the eastern most shores 

of Newfoundland (Halliday, 1937; Farrar, 2017). NS, however, is dominated by the Acadian forest, a 

hybrid between the northern boreal and the more temperate Great Lakes-St. Lawrence forest region 

(Farrar, 2017). Distinguished by its stability and diversity, the Acadian forest is highly resistant to fire and 

boasts of between thirty-two and forty native species (Simpson, 2014; Nitoslawski, Duinker, & Bush, 

2016). However, due to a history of extensive harvesting, the Acadian forest is currently largely 

dominated by early-successional species such as red maple (Acer rubrum) and white birch (Betula 

papyrifera) (HRM, 2013), as opposed to its more characteristic, shade tolerant, mid-to-late successional 

species such as the iconic sugar maple (Acer saccharum), eastern hemlock (Tsuga canadensis), eastern 

white pine (Pinus strobus), yellow birch (Betula alleghaniensis), American beech (Fagus grandifolia), and 

red spruce (Picea rubens) (Halliday, 1937; Natural Resources Canada, 2016b). This has resulted in the 

Acadian forest region being listed as endangered by the World Wildlife Fund (Davis et al., 2001). 

Although it is challenging to rectify this issue on a provincial scale, due to 53% of forested lands being 

privately owned in NS (Province of NS, n.d.), in urban areas, such as the HRM, where street trees are 

owned by municipalities, and IGS are typically locally managed, there is an opportunity to maintain and 

enhance tree populations to represent native Acadian forest structure. 
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As an IGS, which in this context will be defined as mixed-use, managed greenspaces that exist for 

purposes other than conservation, the OAGC, or any golf courses for that matter, is not typically revered 

for its ecological integrity. Fewer than ten golf courses in Canada and the United States combined are 

pesticide-free (Baris et al. 2010); American golf courses emit an estimated 14.15 Mg of carbon 

equivalent annually (Selhorst & Lal, 2011); and approximately 285,267 ha-m of water is used in the 

United States for golf courses irrigation every year (Throssell, Lyman, Johnson, Stacey, & Brown, 2009). 

To be sure, the environmental impact of golf courses is often a polarizing debate, primarily between 

those who golf and those who do not. This was demonstrated in 2002, when an English research team 

distributed a survey to investigative public opinion about whether golf courses are beneficial to the 

environment. Among golfers, 80% responded in the affirmative, largely citing habitat preservation as the 

reason for their answer.  Conversely, non-golfers expressed the exact opposite opinion, with 64% 

responding negatively due to perceived destruction of habitat (Gange, Lindsay, & Schofield, 2003). Since 

that study’s publication, however, extensive research has demonstrated the ecological benefits of golf 

courses, especially in urban settings.  

According to Jim and Chen (2016), golf courses can play a vital role in enhancing biodiversity by 

providing a refuge for floral and faunal species and improving connectivity between greenspaces. 

Terman (1997) supports this point by identifying small naturalized ecosystems, such as those found on 

golf courses, as “habitat sinks” (p. 192). This means that the smaller areas often support populations 

which have migrated from the larger areas of natural habitat they use as mating grounds. This is 

especially true for bird species, specifically migratory birds, such as the Canada goose, for whom golf 

courses have been identified as significant habitat (Guerena, Castelli, Nichols, & Williams, 2016). 

Likewise, an Australian study from 2009 found that minor management improvements, for example, the 

support of natural regeneration of native vegetation, showed a positive correlation to swelling 

population numbers among amphibian, bird, and bat species (Burgin & Wutherspoon, 2009). While 

some studies have hypothesized that strong species representation on golf courses is either due to the 

resilience of urban adaptable species or attributable to historical land ecology and habitual species 

behaviour, it is generally conceded that, in any case, most species tend do better on golf courses than in 

residential developments, such as suburbs (Hodgkison et al., 2007). Despite these assertions, it may 

seem unlikely that IGS, with their heavily humanized footprints, can provide the same quality of 

ecological benefits that undisturbed hinterland can. 
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Yet, in 2009 (Colding & Folke), an American study found that golf courses have a 64% higher ecological 

value comparative to other nearby land uses; and as surrounding landscapes become increasingly 

altered by anthropogenic activity, such as urbanization, this relative value tends to increase. Moreover, 

63% of the courses studied showed an ecological integrity equal to, or exceeding, that of natural 

protected areas. Though these results are highly illuminating, it is important to emphasize the relativity 

associated with these values. That is, if a wild forest is demolished to allow for the construction of a golf 

courses, the ecological value of the resulting course will be significantly lower than that of the former 

forest.  Conversely, if a course is constructed on a former parking lot or agricultural field, it is likely to 

increase the ecological integrity of the site. Thus, since golf course’s have historically been constructed 

on agricultural land as opposed to productive and ecologically diverse hinterland, their development has 

often led to a relatively improved degree of biodiversity (Terman, 1997; Burgin & Wutherspoon 2009). 

For example, this has been demonstrated by OAGC, which was constructed by Stanley Thompson, a 

revered golf courses architect, famous for his ability to work with the natural contours of the land as 

opposed to using invasive techniques (e.g. blasting) to achieve an artificial course layout. Although the 

forested areas of golf courses are typically the sites that maintain this ecological functionality, there is 

little in the existing literature that considers the health of golf course trees specifically. 

As will be discussed in more detail, in course culture, the game is prioritized above all else. Put simply, 

“turf trumps trees” (Jiggens, 2013). Ecologically speaking, monoculture fields of maintained grass are 

essentially useless, contributing more to environmental problems through their upkeep than anything 

else. That being said, grass is a permeable surface, and therefore is better than an impermeable urban 

development such as a rooftop or a parking lot. For example, turfgrass has been found to be an effective 

storm-water filter due to its extensive root network (Baris et al., 2010), though the canopy, bark, and 

roots of trees are arguably more effective filters due to their increased capacity to store excess water 

and nutrients (Boving, Klement, Rowell, & Xing, 2008; Bartens, Day, Harris, Wynn, & Dove, 2009). 

Likewise, although golf courses grass (inclusive of all four play spaces noted above) has been found to 

have a notable capacity for carbon sequestration, with an estimated potential to absorb 28.7 Tg per year 

in the United States alone, this positive effect is mitigated by its short-term storage, and the inefficient 

maintenance practices employed to upkeep it (Selhorst & Lal, 2011). Correspondingly, though golf 

courses trees absorb an average of 2.8 times more carbon than turf does (Bartlett & James, 2011)—

which undoubtedly has become increasingly important in the climate change context—they are 

consistently advocated against due to the four cardinal sins they are perceived to commit against turf:  

shading, limiting air flow, interfering with play, and establishing root competition (Snow, n.d.; Jiggens, 
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2013; Nicholson, 2017).  This can result in overmanaged treed landscapes, which Jim and Chen (2016) 

describe as being “regular and standardized, if not sanitized” (p. 1720). Therefore, the most essential 

factor contributing to the achievement of ecological viability in IGS’ is likely responsible management.  

Social 

While golf courses in urban spaces show significant potential as contributors to the maintenance of 

biodiversity, and a plethora of other ecosystem services, the attitudes informing course maintenance 

largely limit their development as ecologically viable spaces. In other words, naturalized space on golf 

courses tend to be heavily manipulated by social norms. According to one Nova Scotian superintendent, 

due to growing pressure to make greens “faster” (i.e. shorter grass) for increased challenge of play, the 

use of fertilizer and herbicides on that specific course has nearly doubled in the past decade, despite 

industry-wide pushes to reduce chemical use (Baris, et al., 2010). Similarly, as golfers seem to desire 

sweeping views of greens and waterbodies, managers across the province usually favour maintaining 

vistas over preserving a healthy tree canopy, opting to thin out regeneration rather than allowing the 

development of a healthy multi-successional understory in forest patches. Furthermore, as golf balls can 

easily get lost in thick vegetation, golfers tend to prefer sanitized (i.e. maintained) forest patches over 

more-naturalized ones (Jim & Chen, 2016). This is ironic, since, as mentioned in the previous section, 

according to Gange et al. (2003), 80% of golfers believe that golf courses are “good for the environment” 

due to preservation of natural ecosystems.  

In early iterations of golf, in such places as the British Isles and Scotland, which are known for their “link” 

(i.e. coastal) courses, trees were not an essential part of the playscape (Nicholson, 2017). Rather, 

challenge of play was provided by strong winds and characteristically unpredictable coastal weather. 

Today, however, trees have become an essential part of both the golf courses aesthetic and the 

challenge of the game (Nicholson, 2017). Yet, this results in tree populations being treated as 

infrastructure rather than living individual organisms contributing to a wider ecosystem. This is reflected 

by the tendency of maintenance crews and superintendents—those on the frontlines of course care—to 

vilify trees as destructive and disposable nuisances, as was demonstrated by an article published by 

Patrick Gross, Regional Director of the United States Golf Association, which included “Tree” as one of 

the seven “dirty words” of golf courses maintenance (Gross, 1999). Moreover, Ian Andrew, the golf 

course designer and restoration expert currently tasked with an impending course-wide renovation of 

OAGC, likened his feelings toward golf courses trees to a photo of logs burning in a fireplace (Nicholson, 

2017). A similar sentiment was reflected by another Nova Scotian superintendent who described one of 
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the signature species of the Acadian forest region, and indeed of Canada, the sugar maple, as a “weed”, 

due to the ease with which it grows in its native habitat. As a result, that course shows significant 

proliferation of invasive species such as Norway maple and Norway spruce.  

These sentiments are often defended by golf courses proponents on the basis that reduced tree planting 

reduces vegetative competition, which in turn means reduced chemical use to maintain healthy turf 

(Nicholson, 2017). Yet, it seems that this is a finely crafted, politically correct defense shielding the 

unsustainable cultural norms within the golf industry that call for flawless, obstruction-free lawns. This 

hypothesis is supported by Ian Andrew, who attests that though some separation between fairways by 

trees is considered preferable, planting to this end must be tempered to prevent an overly “cluttered” 

golf courses aesthetic (Nicholson, 2017). This despite the fact that more trees on golf courses would 

reduce the hazard of rogue golf balls (Nicholson, 2017), reducing safety hazards and thereby increasing 

accessibility to golf courses by non-golfers.  In fact, golf courses trees are often accused of being 

structurally impaired (Jiggens, 2013), evidentially making trees more hazardous than golf balls, though 

based on site visits across NS, these claims are made by golf courses superintendents as opposed to 

certified arborists who are more qualified to make such allegations.  

Another social perspective that puts the potential for increased ecological integrity of golf courses at risk 

is their exclusivity and blatant elitism. If not illustrated by the chain-link fence characteristic of the 

border of almost all inner-city courses, the exclusivity of these spaces is clearly demonstrated by their 

membership policies. For example, the 260-year-old Royal and Ancient Golf Club of St. Andrew’s in 

Scotland refused to admit women until legally forced in 2014 (Youde, 2014). Furthermore, there is a 

dramatically disproportionate representation—approximately 70%—of white, male, high-income 

earners within the golf population (Cain 2016). Though the public image of golfing stereotypes 

experienced a revitalization due to the talent and subsequent celebrity of a few professionals, such as 

Tiger Woods in the late 1990s, it was a fickle revival that was ultimately dulled by Woods’ fall from grace 

in 2009 (Ward, 2009).  These perceptions are detrimental to the longevity of golf courses, for without 

community support, these IGS’ are likely to disappear in favour of more desirable development, and in 

urban areas this tends to manifest as suburbs. 

Economic 

As has been demonstrated, ‘nature’ and ecology can often hold a conflicting position between their 

otherness from, and their servitude to, humankind. It seems that environmental sustainability can only 

be understood anthropogenically, notably in the socioeconomic realm. As urban areas expand to 
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accommodate a perpetually growing human population, however, the ways in which nature and land 

are valued will become increasingly pertinent, especially as fragmentation and loss of greenspace 

proliferate in consequence. In the context of the golf industry, these speculations are especially 

relevant. To what degree is it appropriate to value the monetization of golfscapes over the ecological 

functionality of a space? Can it be valid to destroy hinterland in favour of golf development, as was the 

case in Lunenburg County during the development of the Osprey Golf Club (Officer of the Auditor 

General of Canada, 1996)?  

Compared to the mid-1990s, the current proportion of golfers aged 18-34 has decreased by roughly 30% 

in the United States. As most millennials have been found to have less disposable income, more debt, 

and less free time than preceding generations, club memberships are largely unaffordable, while the 

game itself is perceived to be too time-consuming (Harwell, 2014; Lorentz et al., 2015). In an age where 

five-hour forays across fairways is a luxury few can afford, especially at $50 to $100 per round 

(Robinson, 2012), most millennials find the exclusivity of golf to be unappealing (Lorentz et al., 2015). 

This disinterest has resulted in declining memberships and increasing course closures across the United 

States, the United Kingdom, and Canada (Harwell, 2014; Youde, 2015; Cain, 2016). Yet, according to 

some, these closures are not a result of decaying golf engagement, or of the $3000 price tag 

accompanying a middle-of-the-road club membership (Robinson, 2012), but a symptom of golf courses 

inflation throughout the twentieth century, most notably in the 1990s. 

Between 1992 and 2014, 18 courses were built within a 200-km radius of Muskoka, Ontario. The area, at 

the outset, was already home to 12 golf courses (Sorensen, 2014). Consequently, Canada—along with 

Iceland and Scotland—currently has some of the highest rates of golf courses per capita in the world, 

with an estimated one course for every 14,500 Canadians (Sorensen, 2014; Youde, 2014), even though 

less than 14% of the population identified as golfers in 2015 (Statistics Canada, 2015). According to 

Malcolm Gladwell, because the game of golf involves “launching a potentially lethal projectile at great 

speeds across enormous distances”, most courses limit the number of players allowed on the fairways 

during playtime (Gladwell & Panoply Productions, 2017). In fact, most “good” golf courses have a 

maximum capacity of 72 players at any one time (Gladwell & Panoply Productions, 2017). This means 

that if every 18-hole course in Canada (i.e. 549,991,800 ha of land) was operating at maximum capacity, 

there would be 0.83 ha of golf courses for every player in the country. Due to the drastically reduced 

memberships over the past decade, however, most courses are not operating at maximum capacity; and 
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including long Canadian winters and weather variability through the summer, the already massively 

sparse population density of golf is dispersed even further. 

Yet, despite this apparent downfall from the shining halcyon days of the golf industry, it continues to 

generously contribute to the Canadian economy. According to Song and Knapp (2005), a nearby golf 

courses can increase property values due to the scenic views these spaces provide. In addition, golf 

courses employ more than 48,500 people in the United Kingdom (Youde, 2014), and 126,000 people in 

Canada (SNG Solutions, 2014), while contributing both directly and indirectly an estimated $14.3 billion 

to Canada’s Gross Domestic Product (SNG Solutions, 2014). These statistics suggest that although golf 

courses have clear faults in their current form, the industry presents opportunities not only for 

ecological enhancement but also for economic development. 

Methodology 
To demonstrate the ecological viability of golf courses, a comparison was conducted between tree data 

collected on OAGC and data collected in naturalized forest patches around the HRM. Data collection 

methods for both studies are overviewed in the next sections, followed by an explanation of the 

comparison itself.  

Spatial Context of the OAGC Inventory 

At the outset of data collection, the necessity for a spatial context to situate measured trees was 

immediately recognized. Therefore, high-resolution ortho-imagery of the course was obtained courtesy 

of the HRM (Pictometry®, 2014). Since these maps were generated using what are essentially 

photographs, they could not be edited or updated in GIS software. Therefore, new maps, to be used 

during data collection, were manually created in ArcGIS by tracing notable features from the original 

imagery. As the Pictometry was slightly dated, having been captured in 2014, this process was 

complemented using Google Satellite imagery. The resulting maps included the delineation of parcel 

ownership to illustrate study area boundaries, and a gridline overlay to break the extent of the course 

down into manageable and systematic pieces. These finalized maps were used to distinguish between 

those treed areas that were to be measured using plot-based sampling and those that were to be 

included in a single-tree census. 

 Once printed, the maps were brought into the field and were used to record the location of single trees 

and any notable course features that had not been captured by the Pictometry (e.g. pathways). Any 

changes in canopy coverage were also recorded. At the end of the field season, all maps were updated 
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in ArcGIS to include newly collected information to give the study a spatial context. The finalized map is 

attached to the end of this report as Appendix A. 

  Inventory Overview 

As alluded to in the above section, two approaches to inventory the tree population were employed on 

the OAGC: the first was an inventory of individual trees, whereas the second was an inventory of tree 

stands using plot-based sampling.  Individual trees were typically easily distinguishable as they stood 

alone; however, to maintain consistency, they were more specifically identified as those that were 

mowed around by the course maintenance crew. Conversely, the trees included in the latter inventory 

were recognized as those groupings of trees with an appearance resembling naturalized forest patches 

due to the proliferation of unmaintained understory vegetation. The following outlines the methods 

undertaken for both inventories. 

For all trees measured, regardless of whether they were in a single tree census area or a plot sample, all 

data collected were the same. Arguably the two most vital data points were species and diameter at 

breast height (DBH). If the former was unrecognized, Trees in Canada (Farrar, 2017) was consulted, as 

this volume is widely recognized as the authority for Canadian species identification. The latter was 

measured based on industry standards outlined by Avery and Burkhart (2002) in Forest Measurements. 

Therefore, DBH was measured at 1.3 m above ground, on the uphill side if growing on a slope (Avery & 

Burkhart, 2002 pp. 145-146). Other data collected included canopy position (supressed, intermediate, 

dominant, or co-dominant); canopy health (poor, fair, good, or very good); signs of disease (e.g. beech-

bark disease); special conditions (e.g. significant leaning); and any notes of interest (e.g. interference of 

tree growth due to infrastructure). Additionally, any standing dead trees (snags) were included in the 

inventory, along with a ranking of their level of decomposition on a scale of 1-4. Species was also 

recorded on snags when possible; however, sometimes extensive rot rendered the tree beyond 

recognition. These measurement codes and descriptions are provided as Appendices B through E at the 

end of this report. 

The method of carrying out the individual tree inventory was simple: collect all the above-listed data on 

any tree in a manicured area of the course. Conversely, the plot-based sample was more complex. It was 

decided that plot-sampling would be used as opposed to line-transect sampling to reduce plot edge per 

unit area (Van Laar & Akça, 1997; Nowak, Walton, Stevens, Crane, & Hoehn, 2008). Likewise, square 

plots were preferred to round plots due to the increased efficiency of determining plot corners in 

comparison to calculating and maintaining the radius of a circular plot (Van Laar & Akça, 1997; Avery & 
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Burkhart, 2002; Nowak et al., 2008). According to forestry standards, to determine plot location within a 

patch, best practice is to randomly drop a plot centre to avoid bias (Van Laar & Akça, 1997). This is 

usually done prior to visiting the patch by using transparent graph paper and a map, or more currently, 

spatial software. However, due to the course’s small and irregularly shaped patches, plot centres were 

dropped as near to the centre of the patch as possible to capture as many stems as possible. If a patch 

was big enough to warrant the use of two plots, the plot centres were dropped on either end of the 

patch to avoid overlap. Also included in this inventory was a census of all large trees in plot-sample 

patches. This included any trees with a DBH of 40 cm and above, so as not to miss any representative 

specimens within sampled areas.  

Another forestry standard adopted, but somewhat adapted for the purposes of this project, regarded 

the size of the plots. Although Avery and Burkhart (2002, p. 223) suggest a fixed plot-sample size, Van 

Laar and Akça (1997, p.233-234) assert that a plot-sample size should be determined relational to the 

forest patch size. Due to the irregularly shaped, and often small patches, a combination of both methods 

was adopted. A 400 m² area was determined to be an adequate plot size for most forested patches on 

the course, in accordance with USDA Forest Service (2006) standards. Likewise, the standard of sampling 

error of approximately 10% per patch was adhered to, though in a few instances this was not possible 

due to the irregular shape of the patches (USDA, 2006; Van Laar and Akça, 1997, p.234). These plots 

were established by first measuring two perpendicular 20 m plot edges, creating a right angle. The 

accuracy of this angle was checked using Pythagorean Theorem (a2 + b2 = c2), and if correctly laid out, 

the remaining two edges were measured. If not, the first two edges would be adjusted until the angle 

was determined to be correct, before proceeding. One exception was made to this method, however, as 

a long, forested patch grows along the south-western edge of the course. This patch was too dense to 

census, but too narrow to accommodate the standard 400 m² plots. Thus, the plot size was adjusted to 

100 m² with a hypotenuse measurement of 14.2 m. These plots were laid out at regular intervals from 

the northern to the southern corner of the course, resulting in a 10% standard sampling error. 

Consistent with recommended best practice, plots were laid out by at least two people (Van Laar & 

Akça, 1997), which was possible through the contributions of a research assistant and the efforts of a 

dedicated team of forest researchers from the School for Resource and Environmental Studies, at 

Dalhousie University. Finally, when data collection was complete, the data were entered in to Excel 

spreadsheets, organized, and analyzed to determine signature, dominant, and solitary species; size and 

species distribution; dominant species distribution of snags; and crown condition across species.  
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Limitations of Inventory 

Although the results of this study suggest that an effective inventory was undertaken, there are a few 

limitations associated with its execution, the most glaring of which was the lack of spatial technology 

(i.e. a GPS unit). Although maps were used extensively, they were based on ortho-imagery and Google 

maps data, which had to be converted to ArcGIS software manually. Likewise, spatial data collected on 

the course were manually recorded on paper maps. This means that although the final map (Appendix 

A) can be used as a reference guide, it lacks high precision. Furthermore, following impending 

renovations of the course, it is likely to become spatially inaccurate. However, in the interim, it provides 

an adequate spatial context for the study.  

Another limitation was the absence of fresh eyes on the course. Although the tree population was 

thoroughly and effectively inventoried, species identification can sometimes be challenging, making a 

partner an asset. For example, the various species of serviceberry (Amelanchier) are notoriously 

challenging to identify (Farrar, 2017). Although three species of serviceberry were identified on the 

course, there is a chance that those identified as roundleaf (Amelanchier sanguinea) may in fact be 

smooth serviceberry (Amelanchier laevis). Therefore, in this analysis all trees identified as serviceberry 

were counted together as part of the overall genus as opposed to being identified by species. Although 

this does not affect the overall outcome of the study, it illustrates the possibility of human error. 

Finally, some challenges were met in the design of plot-based sampling. Guides for tree inventories—

specifically those aimed at determining the volume per unit area of high-value timber—tend to 

approach plot-based sampling differently. Although there are some similarities between these methods, 

it is the minor differences between them that can make it difficult to determine which approach will be 

the most effective for a certain project. This is an issue systemic to Canadian forestry, as no Canada-

specific standards exist. Rather, Canadian operators tend to adopt those standards set forth by other 

nations, such as the United States (Standards Council of Canada, 2017). This complication aside, by 

combining the information found in several guides and employing it in a creative way to suit the needs 

of the OAGC forest, the most effective inventory possible was executed. 

Comparative Analysis:  Data Selection 

To create a comparison between the trees found on OAGC and more naturalized forest areas, data were 

needed for such areas. Although provincial tree data are freely available online through the Nova Scotia 

Department of Natural Resources (NSDNR), they were collected through the interpretation of aerial 
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photography. While this can be an effective method of data collection, especially when large areas need 

to be inventoried, it is most useful when determining degree of canopy coverage (Avery & Burkhart, 

2002). If species composition is a primary focus of study, however, it is less accurate than on-the-ground 

inventory methods. Thus, data representing the trees of the UFMP priority neighbourhoods (see Map 1 

in the ‘Background’ section) were identified as a more appropriate alternative. These data were 

collected via an i-Tree Eco assessment conducted by David Foster and Katherine Witherspoon in 2016, 

using plot-based methods similar to those used on OAGC (Foster & Duinker, 2017). That is not to say 

that plot-based sampling is the most effective approach to carrying out a tree inventory. According to 

Van Laar & Akça (1997), plot-based sampling is less accurate than are complete tree censuses. Yet, the 

former is often favoured due to the latter method being infeasible in large areas due to limited 

resources and time constraints.   

The inventory of HRM trees began with assigning 20 random plots within the ten UFMP neighbourhoods 

for a total of 200 plots (Foster & Duinker, 2017). For the purpose of this comparison, however, only 10 

of those plots were analyzed. All plots included were representative of areas described as “in-growth” in 

vacant areas, as opposed to being located within residential or commercial neighbourhoods. This means 

that tree growth in these areas has, presumably, been left to naturalize, undisturbed by human 

intervention. Nine of the ten plots included were chosen at random; however, one of the ten was 

intentionally counted in due to its proximity to OAGC, thereby allowing a comparison between 

naturalized forest areas on the course and naturalized forest patches off the course, but still within a 

similar area. Although Foster and Duinker (2017) also collected data reflecting proximity to built 

infrastructure, height, and canopy coverage, the focus of this study is species composition and size 

distribution, and therefore any unrelated data points were excluded.  

Golf Course Site Visits 

Finally, these largely quantitative approaches to data collection were complemented by a qualitative 

interpretation. As was reflected in the literature review, three “well-treed” Nova Scotian courses—

excluding OAGC—were visited as a complement to this study. Brightwood Golf and Country Club in 

Dartmouth, Ken-Wo Golf Club in New Minas, and Digby Pines Golf Resort and Spa in Digby were toured 

under the guidance of the respective golf courses superintendents. An overview of tree proliferation and 

condition were recorded, and general questions were asked about allocation of staff time and effort to 

the maintenance and enhancement of the courses’ tree populations. Similarly, information was 

gathered about golf courses operations and the general attitudes of golfers toward trees. Although 
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these visits have no bearing on the comparative analysis, they offer insight into the ways in which trees 

are managed on golf courses across the province, thus highlighting some of the opportunities for and 

constraints against golf courses as ecologically viable greenspaces. 

Results 
The comparison between the OAGC and areas of ingrowth in the HRM is meant to illustrate the 

similarities in compositional forest structure between an IGS and more naturalized areas; thereby 

demonstrating that the former can be ecologically valuable, especially in urban areas where greenspace 

is limited. The OAGC population is strongly emphasized as its ecological viability is the primary focus of 

the study. As both tree populations grow in the HRM, the Acadian Forest has been used as the ideal 

definition of forest structure.  

Species Composition: OAGC vs. Ingrowth 

To summarize, it was found that the tree population on OAGC is largely representative of a mixedwood 

Acadian forest, with large amounts of red spruce, white pine, yellow birch, and red maple growing in the 

population (Simpson, 2014). The Forest Ecosystem Classification of Nova Scotia (FECNS) defines sites 

with this species distribution as AC10 ecosites, which often include a blend of early-successional and 

mid-to-late successional species (Neily, Keys, Quigley, Basquill, Stewart, 2010, p. 375). Interestingly, 

there were fewer ornamental species than expected; besides a few Siberian Pea Trees (Caragana 

arborescens), Japanese maples (Acer palmatum), “King Crimson” Norway Maples (Acer platanoides), and 

one Bebb Willow Tree (Salix bebbiana), most species found on the course were representative of the 

Acadian Forest of NS (Simpson, 2014; Nitoslawski et al., 2016). Although ash (Fraxinus) is the namesake 

species of the OAGC, its signature species—in this context defined as the most strongly represented 

species in the overall population—was red maple. While the highly invasive Norway maple can also be 

counted among the more prolific species on the course, none of these big trees were found 

regenerating in forest patches; rather, they were typically found in areas where they had been 

intentionally planted by golf courses management.  

The ten most common species found on the course are shown in Figure 3, while those of the ingrowth 

areas are shown in Figure 4 (to see the full distribution of species of both populations, see Appendix F). 

According to Mosseler, Lynds, and Major (2003), an important distinguishing feature of the Acadian 

Forest in NS is the proliferation of red spruce, which has been strongly demonstrated by both 

populations. Furthermore, both areas are representative of other signature Acadian species, with red 
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maple, American beech, and yellow and white birch making up a significant portion of both populations. 

There was a small amount of characteristic longer-lived species, such as eastern hemlock, on the golf 

courses, which may pose a threat to its canopy’s longevity due to predominance of earlier-successional 

species. Yet, the healthy mix between early successional stage species such as serviceberry, balsam fir 

(Abies balsamea), and white and grey birch (Betula populifolia), with mid-to-late successional species 

such as yellow birch and red spruce, suggests that while both forest populations may be in earlier 

successional stages, both are experiencing healthy regeneration (Neily et al., 2010).  

 
Figure 3: Top ten tree species found on OAGC, 2017 (Created by Doll, 2017) 
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Figure 4: Species distribution of ten most commonly occurring species in ten ingrowth plots in the HRM (adapted from data collected by Foster & 

Witherspoon, 2016; created by Doll, 2017) 

 

As a point of interest, the dominant species of an ingrowth area in the Ashburn/Armdale 

neighbourhood, as outlined in the UFMP, has been included as Figure 5. Although the naturalized 

population outside the course shows a significantly higher proportion of eastern hemlock, by and large 

its species distribution is quite similar to that of the population on the course, with a high 

representation of red maple, birch species, and balsam fir. However, the species divergence between 

areas reveals some notable differences between the populations. For example, the proliferation of 

eastern larch on the course is suggestive of a wetter environment (Farrar, 2017), which could be the 

result of irrigation practices or simply naturally wet areas; whereas the representation of the shade 

intolerant pin cherry (Prunus pensylvanica) in the neighbourhood population may be indicative of a 

recent disturbance, such as a cut, since these species are much more common in immature forests 

(Farrar, 2017).  
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Figure 5: Most commonly occurring species in the Ashburn/Armdale neighbourhood (adapted from data collected by Foster & Witherspoon, 

2016; created by Doll, 2017) 

 

Size Distribution: OAGC vs. Ingrowth  

The hypothesis that both forests may be in a state of regeneration is largely supported by the 

distribution of stem size across species, as has been illustrated by Figures 6 and 7. Since early-

successional species were heavily represented in both populations, it is unsurprising that size 

distribution demonstrates a disproportionate abundance of smaller trees comparative to larger, and 

presumably more mature, trees.  It is important to note here that tree size is not usually a good 

indicator of tree age, since growth rates vary between species and are highly influenced by nutrient and 

light availability. For example, the shade-tolerant eastern hemlock has a potential life expectancy of 

approximately six hundred years (Farrar, 2017), and can live suppressed in the understory for decades 

until an opening in the canopy provides enough light for it to grow. Thus, it cannot always be assumed 

that a small tree is a young tree, nor that a large tree is truly mature.  

Nonetheless, size distribution can provide insight into the compositional structure of a forest, since 

many species are characteristically present in young forests, such as trembling aspen (Populus 

tremuloides), striped maple (Acer pensylvanicum), or in the case of OAGC, white and grey birch. 
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Furthermore, by identifying which species comprise the understory and which contribute to the forest 

canopy, one may identify the current forest phase or predict the likely future forest structure, assuming 

severe weather or any other disturbance event does not interfere with natural cycles. According to the 

size distribution on OAGC comparative to that seen in ingrowth patches, it can be inferred that the 

course population is more mature, due to the presence of trees with a DBH over 50 cm. However, the 

low proportion of big trees is surprising, considering that the course is nearly 100-years-old. That being 

said, a healthy size distribution on the course, with representation from species of various age classes, is 

suggestive of an ecologically sustainable forest. 

Conversely, ingrowth patches showed a significant lack of big trees, which may be the result of edge 

effects often experienced by ecosystems bordering development (Zurita, Pe’er, Bellocq, Hansbauer, 

2012). Yet, the decreasing representation of red maple and balsam fir in the larger size categories is 

consistent with expectation of the lifecycle of these species, as is the representation of eastern hemlock 

in the larger size category. It seems that the more uniformly distributed size distribution among the 

course trees is more representative of a healthy forest dynamic than the sporadic distribution seen 

among the naturalized patches.  

 
Figure 6: Size distribution of the five most commonly occurring species on OAGC, 2017 (created by Doll, 2017) 
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Figure 7: Size distribution of the five most commonly occurring species in HRM ingrowth areas (adapted from data collected by Foster & 

Witherspoon, 2016; created by Doll, 2017) 

Tree Health: OAGC vs. Ingrowth 

A notable similarity between both populations, as can be seen in Figures 8 and 9, is the decline of 

American beech. This is a trend across the Acadian Forest Ecozone due to the proliferation of beech bark 

disease (Canadian Council of Forest Ministers, 2012; Cale, 2014) coupled with the invasion of beech leaf-

mining weevil (NRCAN 2016a). Although downed deadwood plays a significant role in natural ecosystem 

dynamics (Mosseler et al., 2003), little of it was found on the course overall. Since standing dead trees 

(i.e. snags) can present a safety hazard, their absence from forest patches on the course is likely a result 

of intervention by the maintenance crew. 

In addition to American beech snags, most species found in the ingrowth areas, including balsam fir, 

black spruce, eastern larch, red maple, red spruce, striped maple, and white birch, demonstrate a 

notable amount of dieback. Although this is to be expected in early-successional populations, especially 

balsam fir, which has the tendency to grow in dense and highly competitive thickets, it could be a sign of 

degradation in longer-lived species, such as red spruce. However, this is unlikely, as there is evidence of 

a fairly healthy red spruce population, with the majority of specimens found being in ‘very good’ or 

‘good’ condition. The same is true of yellow birch, eastern hemlock, and eastern white pine, all of which 
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show signs of healthy and robust populations. Conversely, the other dominant species on the course, 

including red maple, red spruce, and white and yellow birch, show healthy populations, with the 

majority of stems in better than ‘fair’ condition. It is important to note, that although this comparison 

portrays the OAGC tree population as significantly more diverse than the population of forest patches in 

ingrowth areas, this is likely the result of the OAGC dataset representing more stems than the ingrowth 

sample.   

 
Figure 8: Canopy condition between species on OAGC, 2017 (created by Doll, 2017) 
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Figure 9: Canopy condition between species in HRM ingrowth areas, 2016 (adapted from data collected by Foster & Witherspoon, 2016; created by Doll, 2017) 

 

Discussion 
The Forest Ecosystem Classification for NS (Neily et al., 2010), asserts that tree populations dominated 

by such species as red maple, American ash, eastern larch, and pine are in a state of “edaphic climax”, as 

opposed to the “climactic climax” of later-successional species due to “local extremes in site conditions” 

(p. 239). Though some foresters dispute the term “climax” due to the implication that forests in this 

stage are somehow inherently better than those in earlier stages—despite a multi-successional forest 

being demonstrative of a healthy forest structure (Snyder, 2006)—these later-successional forests are 

indeed valuable, if only due to their rarity among Nova Scotian forest ecosystems (Mosseler et al., 

2003). Although it has been theorized that mid-to-late successional tree species are characteristic of a 

healthy Acadian Forest, as alluded to earlier in this report, due to rampant harvesting across the 

province, less than 5% of forest cover in the Canadian Maritimes is older than 100 years old (Mosseler et 

al., 2003). As a result, NS forests tend to be in much earlier successional stages than they would be had 

they been unaffeccted by human disturbance. In the context of this study, while it has been found that 

forests in the HRM may currently be in a phase of edaphic climax, ample opportunities exist for forest 

revitalization in managed spaces.  
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The results of this comparison confirm that not only are the trees growing on OAGC representative of a 

healthy, functional, Acadian Forest, but also indicate that its forest structure is similar to that of a 

naturalized forest in the region. Although it is wrong to assume that a naturalized area will automatically 

be healthier than a managed forest, especially in NS where intensive harvesting practices have often 

meant that the opposite is true (Simpson, 2014), it aids in better understanding the forest dynamics at 

work within OAGC’s tree population. For example, while it might be expected that urban ingrowth areas 

would be in early successional stages, due to edge effects, cutting, or other population infringement by 

anthropogenic disturbance, the trees on Ashburn, which are growing in an essentially ‘protected’ area—

without the harsh impacts of street life that many urban trees experience (Duinker et al., 2015)—are 

also dominated by early successional species, which is much less expected. Unlike the former 

population, however, the latter has the opportunity for improvement through better management 

strategies, to ensure its long-term health and functionality.  

Improved ecosystem function is important not only because of the obvious, aesthetic beauty of healthy 

trees, but also because these organisms: improve air quality (Boland & Hunhammar, 1999); aid in carbon 

sequestration and therefore contribute to climate change mitigation (Natural Resources Canada, 

2016b); reduce erosion (Nowak, 2006); enhance biodiversity (Jim & Chen, 2016); and improve water 

quality through filtration (Nowak, 2006). Furthermore, OAGC trees will provide direct benefits to 

frequent visitors of the course. These include physical benefits, such as protection from prolonged sun 

exposure through the provision of shade (Hesler, 2000), and mental health benefits, such as reduced 

stress and increased feelings of wellbeing from spending time under the canopy (Grinde & Patil, 2009).  

Recommendations  
The OAGC is a 95-year-old heritage site (Ashburn Golf Club, n.d.) and like many golf courses, shows 

significant ecological value, despite common public perception to the contrary. Though participation in 

this study has been demonstrative of OAGC management’s keen interest in maintaining and enhancing 

the ecosystem services provided by course trees, a substantial shift in golf culture is required to ensure 

that the behaviour modelled by OAGC is the rule and not the exception. Although the current social 

norms of golf insist upon the maintenance of vibrantly green and closely clipped turf, there is significant 

opportunity to develop these IGS beyond their current state as glorified lawns. To this end, trees must 

be recognized for their value rather than being perceived as a maintenance nightmare and classified as 

either: 
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• course obstacle infrastructure synonymous with sand traps and waterbodies, or 

• ornaments meant to enhance course aesthetic.  

golf courses management, and course players for that matter, must be made cognisant of the unique 

opportunities trees present for heavily manicured golf courses, to shift away from public perceptions of 

elitism and environmental degradation toward ecologically sustainable—and perhaps even publicly 

accessible—spaces.  

Regulatory 

As anyone who is familiar with golf understands, the mechanics of the game require short grass, and the 

culture of the game insists that grass be healthy and green. This means that trees are often removed to 

increase sun exposure and air flow to increase the health of the grass. Furthermore, sightlines and vistas 

are often favoured over forested patches. However, many golfers still want to see trees on their courses. 

This means that strategic planning is imperative to the upkeep of a healthy tree population while also 

maintaining healthy greens and fairways. However, as is reflected throughout this report, striking a 

balance between playability and enhancing ecological sustainability is challenging. Thus, in 1991, 

Audobon International (AI), a conservation-centred not-for-profit, introduced the Audobon Cooperative 

Sanctuary Program (ACSP), directed at reducing the environmental impacts of daily golf course 

operations (AI, n.d.b). These standards include 

• environmental planning,  

• wildlife and habitat management, 

• chemical reduction and safety, 

• water conservation, 

• water quality management,  

• and outreach and education (AI, n.d.b). 

Importantly, AI standards account for all aspects of golf courses management, as opposed to fixating 

solely on turf management. For example, planting of native flowers and shrubs is encouraged to provide 

food and habitat for butterflies, insects, and birds. Additionally, it recognizes the importance of a 

healthy forest dynamic and encourages such measures as allowing the naturalization of at least 50% of 

forested area, and leaving all non-hazardous standing deadwood undisturbed. Furthermore, AI 

highlights the need to shift mainstream golf courses cultural practice away from unsustainable turf 

maintenance, by recommending that golf courses plant grass species that are native to their respective 
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areas and therefore require less coaxing to keep green—a similar assertion made by Nova Scotian golf 

course superintendents. Additionally, the importance of maintaining a length of turfgrass that allows for 

reduced pesticide use is highlighted. Although these measures may not negate the need for daily 

mowing, which is contributes to golf courses emissions, it will improve overall chemical usage. Finally, AI 

standards incorporate long-term monitoring strategies into golf courses operations, meaning that 

emissions and pollutants are measured, recorded, and used as baselines to inform continuous 

improvement. As it is, golf courses practices only seem to be quantified when studies are conducted to 

expose how golf courses by-products are degrading the environment.  

Currently, there are 808 golf courses certified as “Audobon Cooperative Sanctuaries” (Audobon 

International, n.d.a). Most of these courses are in the United States, while there are only 83 in Canada, 

and two in the Maritimes: Algonquin Golf Course in New Brunswick, and Links at Crowbush Cove Golf 

Course in Prince Edward Island. It is ironic that golf courses that charge in excess of $3000 annually, per 

individual player, should be so resistant to pay the $350 annual fee required to receive guidance from AI 

on how to improve environmental practice. Canadian golf courses could certainly be doing better.   

Although the standards set by the ACSP drastically improve golf courses operations, compliance with 

these standards is strictly voluntary. Beyond corporate social responsibility, improved public perception, 

and personal interest of golf courses management in reducing environmental degradation, there is no 

real motivating factor behind joining the ACSP.  In Canada there is no national legislation that governs 

the responsible development and operation of golf courses, which seems irresponsible considering the 

land mass they occupy. Similarly, within provincial environmental legislation across the country 

(territories excluded), ‘golf’ is mentioned just once in Manitoba’s Environment Act, and has only been 

listed therein as being excluded from rulings prohibiting pesticide usage. In fact, based on a jurisdictional 

scan on CanLii, the leading Canadian legal database, most legal considerations of golf courses come from 

case law. However, this is the result of property damage from flooding or rogue golf balls, and typically 

not based on environmental concerns. 

In NS specifically, in “Schedule A” of the Environmental Assessment Regulations (NS Reg 26/95), under 

the Environment Act (S.N.S. 1994-95, c. 1), the projects required to undergo an environmental 

assessment (EA) are outlined, including industrial facilities and mining, transportation, energy, and 

waste management infrastructure. However, a golf courses development would not fall under any of 

these categories. The regulation does specify, however, that any development which disturbs more than 

2 ha of wetland requires assessment (NS Reg 26/95, Sch. A, s.F), meaning some golf courses 
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developments in NS have been subject to an EA, such as the Osprey Golf Club in Lunenburg. However, 

this EA was widely disputed as being inadequate and ineffective, and resulted in massive clearcutting for 

the establishment of the course (Officer of the Auditor General of Canada, 1996).  Furthermore, much 

like the exemption made for golf courses in Manitoba’s Environment Act, the NS’ Non-essential 

Pesticides Control Act (NS Reg 26/95) excuses golf courses from prohibitions of pesticide use. It cannot 

be denied that golf courses in NS are subject to some regulatory requirements, however; for example, 

the Environment Act requires industry, including golf courses, to report their water usage if in excess of 

23,000 L per day, and requires these users to design a water conservation plan. However, long-term 

regulatory standards, supported by consistent monitoring, is needed to ensure that golf courses are 

operating in the most sustainable way possible.  

Ultimately, it is woefully inept that there are no explicit and compulsory environmental standards 

governing golf courses operations, as over 100,000 ha of Canadian land has been dedicated to the game 

of golf. Despite the existence of a few regulations designed to this end, they are essentially piecemeal, 

often aimed at other industries or operations. While organizations such as The Environmental Institute 

for Golf provide some guidance for management improvements (GCSAA, 2007), this information is 

accessed optionally and does not necessarily translate into operationality. While it is clear that this 

report recognizes the environmental benefits that can be provided by golf courses, it is more important 

to recognize the shortcomings of their management, and in realizing these benefits to inform a 

responsible way forward.  

Operational 

In the process of visiting courses around NS, it became clear that tree planting was a low priority. While 

some courses do not plant at all, others plant fewer than ten trees annually. No course visited practices 

replacement planting. After all, turf trumps trees. Even with certification from AI, tree maintenance is 

not a primary focus; rather, it is a means to an end (i.e. maintaining wildlife habitat). Thus, to increase 

ecological functionality of these IGS, the development of long-term forest management plans is 

recommended, including baseline forest-structure data, feasible goals to enhance forest functionality, 

and mitigation and adaptation strategies to reduce risks associated with disease, infestation, and 

climate change impacts.   

There are several obstacles to maintaining a healthy forest, including disease, pest outbreaks, and 

climate change uncertainties. In the Nova Scotian context, as discussed, beech bark disease has been 

devastating to the OAGC population of American beech (Natural Resources Canada, 2016a).   Likewise, 
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Norway maple have been showing signs of degradation due to tar spotting caused by the Rhystisma 

acerinum fungus. The Hemlock Woolly Adelgid (Adelges tsugae), which typically becomes fatal to 

eastern hemlock stands within four years is expected to reach NS in the next few years (Canadian Food 

Inspection Agency, 2016). Furthermore, climate change is expected to alter forest ecosystem dynamics, 

such as natural species distribution, in coming years (Steenberg, Duinker, & Bush, 2011). All this 

uncertainty makes managing a healthy forest a challenging task. However, measures can be taken to 

mitigate some of these risks. 

Diversity in forests protects tree populations by reducing the risk of unexpected losses due to species-

specific disease or pests, or mass die-offs due to multiple specimens reaching the end of their lifespans 

simultaneously. Therefore, experts often recommend a diversity of species, genera, and ages (i.e. sizes) 

in an urban forest context (Moll, 1989, Richards, 1983). Although it is recognized that the trees on OAGC 

are not street trees, they grow in a highly anthropogenically influenced environment. Thus, these 

suggestions can inform the maintenance of a forest with diversity of species and age-classes in the 

course tree populations. For example, Moll (1989) recommends that no single species should be 

representative of more than 5% of the population. Though some contest that these specific standards of 

diversification are arbitrary, they provide a template by which to model an improved forest.  

An alternative solution to the pest and disease problem is to plant according to genera rather than 

species. For example, unlike American beech, European beech (Fagus sylvatica) is resistant to beech 

bark disease and although it is also susceptible to the weevil, there are “environmentally-friendly” 

insecticide treatments (i.e. TreeAzin®) that can reduce its effects (NRCAN, 2016a). Furthermore, 

European beech tends to be more adaptable than its American cousin (Chapman, n.d.). While this 

species is not native, it contributes to the maintenance of a healthy forest structure in the Acadian 

region that has historically hosted the beech species.  Likewise, red maple and sugar maple are native 

species, in contrast with Norway maple, and produce vibrant colours in the autumn, making them a 

more attractive choice than the former, the leaves of which usually turn brown. (Farrar, 2017). However, 

other conifers, such as red spruce and white pine, are quite long-lived and often grow to be impressive 

specimens. 

An equally challenging issue to plan for is climate change, as its potential impacts are uncertain, making 

adaptation difficult to design. Due to the limited solutions available to address the pest problem, and 

the fact that pests and diseases are often considered to be climate change impacts, their solutions are 

often intertwined. According to Steenberg, Duinker and Bush (2011), the most effective method to 
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address these issues is recurrent monitoring to keep knowledge of the tree population relevant, thus 

allowing for the adjustment of planning and management techniques to accommodate changes as they 

occur. It may also be useful to plant climate change ‘resistant’ (i.e. adaptable) Acadian species, a list of 

which can be found at the end of this report, in Appendix G. 

As alluded to, the OAGC tree population is in an earlier phase in its growth than would be expected, 

based on the age of the course. This is likely the result of poor management practices, such as: clearing 

out understory trees to achieve the sanitized aesthetic described by Jim and Chen (2016); harmful 

pruning performed by untrained maintenance staff, stunting tree growth; and cutting trees considered 

to be interfering with play. This degraded state of the trees is likely to be exacerbated by the impending 

renovations, which may involve extensive tree removal. These types of invasive management practices 

are unnecessary, however, since according to horticulturalist Douglas Chapman (n.d.), if species and 

location are chosen correctly, trees should bring nothing but benefit to a golf courses.  

Educational  

While there is some debate surrounding how or why natural spaces should be valued (Lockwood, 1999), 

studies have shown that when humans feel some sort of connection to nature, they tend to be more 

inclined to conserve and protect it (Mayer, McPherson Frantz, Bruehlman-Senecal, & Dolliver, 2009). As 

repeatedly reiterated throughout this report, the foremost function of the OAGC is, of course, golf.  

Golfers, however, tend to perceive golf courses as more than just an outdoor sports arena. It is 

important to cultivate these positive attitudes toward natural areas on the golf courses to maintain 

member support of long-term tree management. Even more important, however, is cultivating the 

support of those who do not typically spend time on golf courses. 

Creating this support can be accomplished in many ways, for example, by incorporating the ecological 

history of a course site into its current design. For example, in 1922, OAGC was known as the Halifax 

Golf and Country Club (Ashburn Golf Club, n.d.). However, following the implementation of Stanley 

Thompson’s design, it was dubbed “Ashburn”, meaning “Ash-Home”. Integrating native species into the 

design of a course serves as both a nod to the historical ecology of the space and ensures that trees are 

being planted in territory where they are expected to thrive. Furthermore, drawing attention to the 

ecological service of golfscapes may influence perspectives regarding what types of green infrastructure 

are valuable to course design. Other strategies for creating these types of connections include: 
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• Seasonal education sessions: inviting members to see the course with fresh eyes through 

flora and fauna identification. This could include hunting for berries, tapping maple trees, 

and birdwatching 

• Tree-planting sessions with course members and their families 

• Implementation of “memorial tree” programs: inviting trees to be planted in remembrance 

of past dedicated members and staff 

• Tree and nature photography: creating a participatory platform for photography of golf 

courses, highlighting the beauty found in these spaces 

Yet, although the above-listed educational practices may be an effective strategy to influence 

perceptions of golfers, there is a limited capacity to reach nongolfers, and may not be applicable or 

persuasive to golf courses superintendents. Yet, arguably, these two groups have the greatest influence 

on what the future of golf courses may look like. Thus, further educational effort will likely be needed to 

convince these harder-to-reach groups of the value of golf courses. 

Perhaps the most effective method to influence public perceptions of golf courses is a shift away from 

the privatization of these spaces. Especially in Canada, where the golf season is limited to half the year, 

and a significant amount of annual revenue generated by golf courses comes from summer tourists (SG 

Solutions, 2014), allowing non-members to visit golf courses as recreational areas would increase 

utilization of these spaces. This could increase the appreciation and valuation of these formerly 

inaccessible courses. This could include: renting winter sporting equipment, such as snowshoes and 

cross-country skis; inviting runners and dog-walkers to use pathways through the summer; and 

transforming clubhouses into more family friendly spaces in contrast with their current model as private 

bar space. Some courses may protest to these proposals due to the danger that might be posed by flying 

golf balls throughout the golf season. However, as mentioned, planting more trees between holes can 

act as an effective barrier to these flying projectiles. 

Another potential innovation for golf courses might be to transition away from the traditional game and 

toward more accessible activities. For example, ‘frolf’ is a frisbee/golf hybrid, which requires less 

expensive equipment and allows for the growth of longer grass. This change would not only invite a new 

community of visitors to course space, but would also transform landscaping techniques, which would 

contribute to reduced chemical use on courses, and less dependence on lawn maintenance machinery 

which tend to operate via inefficient, fuel intensive engines. 
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Finally, reaching superintendents via education would likely be most effectively achieved through formal 

systems. This could be done by incorporating innovative and ecologically-informed golf courses 

management strategies into training programs. This approach could influence the maintenance 

behaviours of crew members while providing a pathway to employees working far removed from daily 

course operations, such as course managers. 

Conclusion 
Golf courses take up a lot of space; truly, entire neighbourhoods can fit inside their borders, as has been 

proven through increasingly common redevelopment of these spaces into residential areas (Cain, 2017). 

Moreover, historically unsustainable maintenance practices and inaccessible price tags have influenced 

poor public perception of these spaces, despite the ecological value to be found in forested areas 

reflected throughout this report. This suggests that golf courses no longer make sense in their current 

iteration, and must be environmentally, socially, and economically revitalized to maintain relevance in 

modern society. Furthermore, golf courses managers must highlight the ecological value of IGSs and 

adopt improved management practices to support and enhance this value, to achieve long-term 

sustainability. While OAGC has proven to be a significant case study of improved practice—largely due 

to their willing participation in this investigation—the managers still have a significant amount of 

progress to make to maintain and enhance the course’s ecological value.  

Ultimately, achieving sustainability on golf courses—and IGSs in general—means striking a balance 

between social responsibility, ecological functionality, and economic feasibility. This is largely dependant 

on a shift of cultural norms away from traditional perceptions of golf, moving away from inapt adages 

(“turf trumps trees”) and toward new innovation (“turf and trees”).  A blend of modern sustainable 

practices with the traditional aspects of the game of golf and its environs could be a hole-in-one for 

urban forestry, providing a reasonable par for the development and management of ecologically 

valuable recreation spaces. 
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Appendices 
Appendix A: Map of Inventory on OAGC 
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Appendix B: Tree Species Coding 

Tree Species Coding 
Broad Leaf Species 

Latin Name Latin Abb. 
(UFORE) 

Anglicized Name 

Acer palmatum ACPA Japanese Maple 

Acer pensylvanicum ACPE Striped Maple 

Acer platanoides ACPL Norway Maple 

Acer rubrum ACRU Red Maple 

Acer saccharinum ACSA1 Silver Maple 

Acer saccharum ACSA2 Sugar Maple 

Acer spicatum  ACSP Mountain Maple 

Amelanchier bartramiana AMBA Mountain Serviceberry 

Amelanchier laevis AMLA Smooth Serviceberry 

Amelanchier sanguinea AMSA Roundleaf Serviceberry 

Betula alleghaniensis BEAL Yellow Birch 

Betula papyrifera BEPA White Birch 

Betula pendula BEPE Silver Birch 

Betula populifolia BEPO Grey Birch 

Caragana arborescens CAAR Siberian Pea Tree 

Crataegus monogyne CROX One-Seeded Hawthorn (Maythorn) 

Fagus grandifolia FAGR American Beech 

Fraxinus Americana FRAM White Ash 

Fraxinus nigra FRNI Black Ash 

Fraxinus pennsylvanica FRPE Red Ash 

Fraxinus quadrangulate FRQU Blue Ash 

Hamamelis virginiana HAVI Witch Hazel 

Populus grandidentata POGR Large Tooth Aspen 

Populus tremuloides POTR1 Trembling Aspen 

Prunus pensylvanica PRPE1 Pin Cherry 

Prunus serotine PRSE1 Black Cherry 

Prunus virginiana PRVI Choke Cherry 

Quercus alba QUAL White Oak 

Quercus robur QURO English Oak 

Quercus rubra QURU Red Oak 

Salix bebbiana SABE Bebb Willow 

Sorbus Americana SOAM American Mountain Ash 

Sorbus decora SODE Showy Mountain Ash 

Tilia x vulgaris TIEU Common Linden 

Toxicodendon vernix TOVE Poison Sumac 

Ulmus glabra ULGL Scotch (Wych) Elm 
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Tree Species Coding 
Coniferous Species 

Latin Name Latin Abb. 
(UFORE) 

Anglicized Name 

Abies balsamea ABBA Balsam Fir 

Larix laricina LALA Larch 

Picea glauca PIGL1 White Spruce 

Picea mariana PIMA Black Spruce 

Picea rubens PIRU Red Spruce 

Pinus resinosa PIRE Red Pine 

Pinus strobus PIST White Pine 

Taxus canadensis TACA Canada Yew 

Thuja occidentalis THOC Eastern White Cedar 

Tsuga canadensis TSCA Eastern Hemlock 
 

Appendix C: Site Naming Conventions  

Census stands and individual trees were assigned spatial identifiers based on proximity to the 

nearest fairway, green, or tee box, whichever was closest. If more than one tree or group of trees 

existed within a single area, it was assigned an additional number to differentiate it from the others. For 

example, if two census stands were located along #1 fairway, they would be labeled 1.1 and 1.2, with 

each individual tree being assigned a number (e.g. 1.1-1, 1.1-2, 1.1-3, etc.). Conversely, although plots 

were also numbered based on their proximity to green infrastructure on the Course, these numbers 

were proceeded with a “P” to differentiate them from the other inventory. However, while the plots 

were numbered, trees within plots were then assigned this same number rather than being assigned 

individual identifiers. For example, if there was a forest patch near #4 Green and there were two plots 

within this patch, the first plot would be numbered P4-1, and the second P4-2. This naming system was 

decided upon for ease of use when converting numerical data into spatial data using ArcGIS software. 

Furthermore, by basing this system on the course layout, it is expected that it will be easily interpreted 

by Ashburn management and staff.   
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Appendix D: Description of Data Collected  

 

Canopy Condition 
Condition Rating Description 

Poor 1 Unbalanced crown (i.e. severely asymmetrical); leaning or misshapen trunk; 
significant crown defoliation (i.e. transparent crown); dramatically 
underdeveloped leaves or yellowing/browning foliage; significant branch death 
or breakage; evidence of deadwood in crown; may be diseased 

Fair 2 Slightly unbalanced crown; some crown defoliation (i.e. slightly transparent 
canopy); evidence of underdeveloped or discolored leaves; some branch death 
and/or breakage; may have evidence of lean 

Good 3 Fairly well-balanced crown; minor defoliation; minor branch death and/or 
breakage 

Very 
Good 

4 Healthy, well-foliated, balanced crown (i.e. symmetrical) 

Adapted from Neighbourwoods© Quick Reference Guide (n.d.) 

 

Canopy Position 
Position Range Description 

Suppressed 1 Understory growth 

Intermediate 2 Above understory growth, below overstory growth 

Co-dominant 3 Mixed growth at top of canopy  

Dominant 4 Tallest tree in canopy  

 

Degree of Decay (Snags) 
Degree Rating Description 

Light 1 Freshly dead, bark intact, most branches intact 

Moderate 2 Beginning of decay, but rot not established 

Significant 3 Decay established, bark loose and/or flaking off, bole beginning to rot 

Severe 4 Advanced decay, bark mostly absent, lacking structural strength—last stage for 
snags, which are rotted and wobbly 

Adapted from Neighbourwoods© Quick Reference Guide (n.d.) 
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Appendix E: Data Codes  

Condition Code 
Asymmetrical Growth (Moderate) AGM 

Asymmetrical Growth (Significant) AGS 

Branch Breakage (Mod) BBM 

Branch Breakage (Sig) BBS 

Branch Death (Moderate) BDM 

Branch Death (Significant) BDS 

Canopy Dieback (Moderate) CDBM 

Canopy Dieback (Significant) CBDS 

Damaged Leaves DaL 

Discoloured Leaves (Brown) DLB 

Discoloured Leaves (Yellow) DLY 

Epicormic Shoots ES 

Heavy Pruning HP 

Holey Leaves HL 

Underdeveloped Leaves  UL 

Transparent Canopy (Moderate) TCM 

Transparent Canopy (Significant) TCS 

Trunk Damage TD 
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Appendix F: Tree Species Distribution  
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Appendix G: Tree Planting List 
Adapted from The Urban Forest Tree Species Database created by Rostami & Duinker (2011) and Trees in Canada (Farrar, 2017) 

 

Colour Code Meaning 

 Non-native species 

 Native species 

 

 

Latin Name 
Common 
Name 

Mature 
height 
(m) 

Mature 
diameter 
(cm) 

Typical 
lifespan 
(years) Ideal Habitat 

Shade 
tolerance 

Degree of 
maintenance 

Root hazard 
to 
infrastructure 

Climate 
change 
adaptability Notes 

Acer 
pensylvanicum 

Striped 
Maple 10 25 100 

Deep valleys, 
northern 
slopes Very High Low Low High 

Understory 
tree, does well 
on slopes 

Acer Rubrum Red maple 25 60 100+ 

Highly 
adaptive, 
grows easily in 
a variety of 
habitats Medium Medium High High 

Rich fall 
colours 

Acer 
saccharum Sugar maple 35 90 200+ 

Deep, fertile, 
well-drained 
soils High Medium Low High 

Rich fall 
colours. Old-
growth 

Acer 
saccharinum Silver maple 35 100 130 

Moist 
bottomlands, 
on edges of 
waterbodies Low Medium High Unknown 

Rich fall 
colours; 
Acadian 
species, native 
to NB 
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Acer spicatum 
Mountain 
maple 5 15 100 

Adaptive, 
grows well on 
razed lands 
and moist, 
rocky soils High Medium Medium Unknown 

Small tree for 
between 
fairways 

Amelanchier 
Species Serviceberry 10 20 50-60 

Adaptive, 
grows at edges 
and in rocky 
areas Medium Low Low Unknown 

First flowers 
out in spring 

Betula 
alleghaniensis Yellow birch 25 60 150+ 

Rich, moist 
soils Medium Medium Low Low   

Betula 
papyrifera White birch  25 40 120 

Highly 
adaptive, 
grows easily in 
a variety of 
habitats Low Medium Low Low   

Cornus 
alternifolia 

Alternate-
Leaf 
Dogwood 10 15 80 

Adaptive to 
edges, growing 
well on well-
drained, deep 
soils Medium High  Unknown Unknown 

Grows best in 
areas with 
good air 
circulation 

Fagus sylvatica 
European 
beech 23 300 200   Low Low High Unknown 

Not native NS, 
a good 
subsitute for 
American 
beech 

Fraxinus 
Americana White ash 30 150 200 

Deep, well-
drained, 
upland soils Medium Medium High Low 

At risk of 
Emerald Ash 
Borer  

Fraxinus nigra Black ash 20 50 
150 (Fast 
growing) 

Highly 
adaptive; can 
tolerate 
standing water 
for weeks Low Medium Unknown Unknown 

Suceptible to 
Emerald Ash 
Borer (prune to 
reduce pest 
damage) 
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Ginkgo biloba Maidenhair 25 80 1000 

Highly 
adaptive, 
grows easily in 
a variety of 
habitats Low Medium Low Unknown 

Disease & pest 
resistant. Do 
not plant 
female trees 

Larix laricina 
Eastern 
larch 25 40 150 

Moist, well-
drained light 
soil Low Low Low Low   

Liriodendron 
tulipifera Tulip-Tree 35 100 

150 (fast 
growning) 

Deep, rich 
moist soil & 
swampy areas Low High Medium Unknown 

Ornamental 
quality, still 
grows well in 
forested stands 

Ostrya 
virginiana Ironwood 12 25 150 

Well-drained 
slopes & ridges High Low Low Low   

Picea glauca 
White 
spruce 25 60 200+ Adaptive High Medium Medium Unknown 

Provides good 
habitat for 
small mammals 
& birds; can be 
impacted by 
spruce 
budworm 

Picea mariana Black spruce 20 30 200+ 

Adaptive, 
grows well in 
wetland areas Medium Medium Medium Unknown   

Picea rubens Red spruce 25 60 300 
Moist, upland 
soils High Medium Medium Low   

Pinus resinosa Red Pine 25 75 200+ 

Adapts well on 
unfertile soil & 
wind resistant Low Medium Unknown Unknown 

Suceptible to 
damage from 
sawfly 

Pinus strobus 
Eastern 
White Pine 30 100 200 

Moist, sandy 
loam  Medium Low Medium Low   
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Populous 
tremuloides 

Trembling 
aspen 25 40 80 

Highly 
adaptive Low Low High Low 

"Nurse crop" (a 
good species to 
plant to 
encourage 
growth of 
other 
broadleaves 

Prunus 
pensylvanica Pin cherry 12 25 40 

Along 
waterbodies 
or in cleared 
sites Low Medium Low Unknown 

Understory 
tree, not found 
in old-growth 

Prunus 
serotine Black cherry 22 60 150 

Highly 
adaptive, 
grows easily in 
a variety of 
habitats Low Low Low Low   

Quercus alba White oak 35 120 500 

Highly 
adaptive, 
grows easily in 
a variety of 
habitats Medium High High Medium   

Quercus rubra Red oak 25 30-90 150 

Adaptive, does 
not compete 
well Low Low High Low   

Salix ludcida 
Shining 
Willow 10 50 60 

Around water 
bodies and 
swampy areas Medium Low Medium Unknown 

Shrubby tree 
(outward 
growth more 
than upward) 

Sorbus 
Americana 

American 
Mountain-
Ash 10 25 50 

Highly 
adaptable, but 
shrubby Low Medium Low Unknown 

Small tree, 
with high 
ornamental 
quality 
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Syringa 
vulgaris 

Common 
Lilac 

Shrubby, 
multi-
stem 
tree n/a 100 

Adaptive, 
though often 
planted trees 
can eaily 
spread to 
more 
naturalized 
wooded areas Low Medium Low Unknown 

Small tree, 
with high 
ornamental 
quality 

Eastern white 
cedar 

Eastern 
white cedar 15 30 700 

Swampy areas 
& bogs Medium Low High Low 

Slow growing. 
Often planted 
as an 
ornamental 

Tilia 
Americana Basswood 35 100 200 Moist slopes High Medium Low Low 

A prolific 
species 

Tsuga 
canadensis 

Eastern 
hemlock 30 100 600 

Cool, moist 
sites High Low Medium Low   
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