
 

 

Synthesized ecological design recommendations for the optimization of 

biodiversity on golf courses with an application to southern Ontario  

by 

Jenny Faye Andrews 

 

A Thesis 
presented to  

The University of Guelph 

In partial fulfilment of requirements 
for the degree of 

Master of Landscape Architecture 

Guelph, Ontario, Canada 

© Jenny Faye Andrews, May, 2022 



 

 

ABSTRACT 

SYNTHESIZED ECOLOGICAL DESIGN RECOMMENDATIONS FOR THE 

OPTIMIZATION OF BIODIVERSITY ON GOLF COURSES WITH AN 

APPLICATION TO SOUTHERN ONTARIO 

             Jenny Faye Andrews                                                                      Advisor: 

             University of Guelph, 2022                                                   Robert C. Corry 

Southern Ontario has experienced one of the most substantial extents of land cover change in the 

world. The main factor driving this is deforestation for both agriculture and urbanization to 

accommodate Canada’s highest population density. Additionally, southern Ontario contains the 

highest density of golf courses in Canada. Research has shown that golf courses have the 

potential to support more biodiversity than other greenspaces, especially in urban landscapes. 

The literature contains three important bodies of knowledge: landscape scale ecological design 

guidelines, local scale ecological golf course design guidelines, and amphibian-habitat specific 

golf course design guidelines. These have not yet been integrated to recommend how golf 

courses should be designed to optimize biodiversity. The literature will be critiqued, compared, 

and then synthesized to inform recommendations in support of biodiversity within southern 

Ontario golf course ecosystems. These recommendations will be communicated through a set of 

design recommendations and demonstrations using select golf courses.   
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1 Introduction 

1.1 Context to the problem 

Southern Ontario is the region southeast of the Canadian Shield, and the southernmost region in 

Canada. It contains two ecoregions: Lake Simcoe-Rideau in eastern/central Ontario (6E - see 

figure 1.1) and Lake Erie-Lake Ontario in the southwest (7E – see figure 1.1) (Crins et al., 2009). 

These ecoregions contain a diversity of ecosystems and species due to a wide variation in 

bedrock, topography, climate, soil, and disturbance regimes, but are dominated by the Great 

Lakes-St Lawrence Forest Region and Carolinian Forest Region (Ministry of Natural Resources, 

2011). The Lake Erie-Lake Ontario ecoregion is the most biodiverse ecoregion in Canada and 

supports the largest area of tallgrass prairie left in Ontario. Deciduous forest covers about 12% of 

the region, about 78% of the land area has been converted to cropland and pasture and over 7% 

is urban areas and road networks. The forest cover of the Lake Simcoe-Rideau ecoregion is also 

mostly deciduous forest (16% of total land area) but includes coniferous (5.3%) and mixed 

(8.8%) forest as well. 57% of the land has been converted to cropland and pasture (Crins et al., 

2009). Southern Ontario’s watersheds are each protected by a conservation authority, which are 

governed by Conservation Ontario, and have the purpose of conserving natural resources for 

environmental, social and economic benefits (Conservation Ontario, 2020). A map of Ontario’s 

Conservation Areas is found in Figure 1.2. 
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Figure 1.1 (a) Ontario’s Conservation Authority boundaries (Conservation Ontario, 2015) and (b) 
southern Ontario’s ecoregions and ecodistricts. 

Land cover change is the most significant direct driver of terrestrial biodiversity loss globally 

(Millennium Ecosystem Assessment, 2005). Reduction in the biodiversity and abundance of 

organisms weakens the health and sustainability of ecosystems by degrading the social, 

ecological, evolutionary, and economical services (together referred to as “ecosystem services”) 

provided by them (Hooper et al. 2012). Despite the critical importance of biodiversity 

conservation, funding for this issue is severely inadequate and land uses suited for human needs 

are prioritized (Waldron et al. 2013).  
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Southern Ontario has undergone some of the most intensive land-use change in the world. 

Currently ~68% of its land area is cropland and pasture (Crins et al., 2009), which contains some 

of the most intensive agricultural practices other than the prairies (StatsCan, 2016). It also 

contains Canada’s highest human population density, with ~10% of its land area being used as 

urban areas and road networks (Crins et al., 2009) (Figure 1.2). Moreover, southern Ontario has 

the highest number of invasive plant species out of all of Canada’s provinces and territories 

(Canadian Food Inspection Agency, 2008). Additionally, Ontario’s population is projected to 

increase by 31.5% over the next 27 years (Government of Ontario, 2020). 
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Figure 1.2 Land cover classes in Ontario. The alteration of land from forest to agriculture and 
urban development is clear below the southern Ontario border (Ministry of Northern Development, 
Mines, Natural Resources and Forestry, 2021) 

Southern Ontario also contains the highest density of golf facilities in Canada (Golf Canada, 

2017). Most golf courses are privately owned and operated, with little public or legal influence 
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over their ecological design and management. Nonetheless, research on golf course 

superintendents in the UK found that a majority of golf course managers are willing to make 

changes to their management schemes for biodiversity conservation (Hammond & Hudson, 

2007). Additionally, research has indicated that golfers in the United States are willing to pay 

more to play on a more ecologically designed course (Limehouse et al., 2010).  

1.2 The landscape ecology of golf courses 

An average 18-hole golf course is about 60 hectares in area and consists of a matrix of altered 

and unaltered landcovers. An altered landcover is defined as one that is created and managed by 

humans, and an unaltered landcover is natural, unmanaged habitat. Non-turfgrass areas are often 

patchy or fragmented linear divisions between play areas. 

1.2.1 Altered land cover 

The largest proportion of a US golf course is composed of maintained turf. Other altered land 

covers include parking lots, buildings, and sand traps. Together, these make up 77% of the area 

of the average golf course – about 46 hectares in total (Lyman et al., 2007). The playability of a 

course establishes the required dimensions of each maintained turf feature of an average golf 

course in the Great Lakes Region (Table 1.1), limiting where land cover changes can be made for 

ecological retrofitting. Fairways are required to be at least 60 metres long, 30-35 metres wide 

and there must be 80 metres between the centrelines of fairways (Jackson et al., 2011). 

Additionally, Jackson et al. (2011) states that roughs are required to be 15 metres wide buffering 

fairways. However, according to a verbal account with a golf course architect, these dimensions 
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are flexible and what is really important is giving greens and tee boxes a treeless buffer wide 

enough to prevent shading, root growth, and debris from affecting turf health. 

1.2.2 Unaltered land cover 

The non-turfgrass areas and water bodies on golf courses can be classified as unaltered land 

covers as long as they are not intensely altered and used by humans, according to Gagné et al. 

(2015)’s definition of unaltered land cover. These make up the other 23% of the area of an 

average US golf course – about 14 hectares in total. Most of the unaltered land cover on US golf 

courses is made up of forest and grassland, and water bodies a small proportion (Table 1.1). In 

southern Ontario golf courses specifically, the proportion that is forest is likely higher due to the 

fact that deserts would not make up any portion, and grasslands likely make up a lower 

proportion. This is because golf courses in the mid and south-west US, which is primarily 

grassland and desert respectively, would have very different land covers than those in the east 

(Lyman et al., 2007). In southern Ontario, golf courses occurring in unique geological and 

ecological settings, such as alvars, lakeshores, or grasslands might be an exception to this.  
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Table 1.1 Proportions of non-turfgrass vegetation types on US golf courses (Lyman et al., 2007) 

Land cover type Average % of golf course area 

Forest/woodland 38.5 

Native/undisturbed grasslands 14.9 

Mixed/improved grasslands 13.3 

Other un-mown areas 8.4 

Shrublands 5.1 

Garden/landscaped areas 4.8 

Buffer strips 4.0 

Other natural areas 3.9 

Riparian areas 3.8 

Deserts 3.3 

 

1.3 Ecology of modified landscapes 

Landscape modification by humans involves extensive loss and fragmentation of wildlife habitat. 

This directly impacts native species richness, population abundance and distribution, and genetic 

diversity, which in turn impact indirect measures of biodiversity and factors affecting 

biodiversity. Additionally, fragmentation may affect population growth rate, reduce trophic chain 

length, alter species interactions, reduce breeding, foraging and dispersal success, change 

predation rate, and decrease the number of large-bodied species. Reduction of total habitat 

amount has the largest negative effect on species richness loss, but patch size and connectivity 

also have important effects. In simple terms, the more isolated and smaller a patch of habitat is in 
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a human modified landscape, the fewer species it can support (Dale, 2018; Fahrig, 2003; 

Saunders et al., 1991; Thornton et al., 2011).  

The connectivity of habitats is one of the most important aspects for biodiversity conservation in 

human altered landscapes. Connectivity is defined as the degree to which a landscape facilitates 

or impedes movement of organisms among resource patches (Tischendorf & Fahrig, 2000). In 

their study looking at habitat requirements for pool-breeding amphibians, Baldwin et al. (2006) 

found that creating a network of connectivity between all required habitats (e.g., breeding pools, 

upland forest, nearby forested wetlands) reduced the area of land needed by the species by two 

thirds from what is needed for one large habitat patch. However, the properties and quality of the 

matrix between habitats may have higher value for conservation than the size and configuration 

of habitat patches alone (Prugh et al., 2008). 

1.4 The benefits of a biologically diverse golf course 

Living nature (the diversity of organisms, ecosystems, and their processes) improves people’s 

quality of life by providing what is referred to as “ecosystem services.” These services include 

water purification, provision of food, stabilization of climate, protection from flooding and 

erosion, disease management, recreation, spiritual fulfillment, and aesthetic enjoyment 

(Millennium Ecosystem Assessment, 2005). Urban golf courses have been found to increase the 

quality of life of local people by providing a recreational service, increasing property values, and 

providing high-income job opportunities (Petrosillo et al., 2019). In an evaluation of five ES 

provided by golf courses in China, Dai et al. (2016) found that recreation service was the most 

significant ecosystem service of all, accounting for more than 95% of the total economic benefit 
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of the golf courses. The restoration of habitat and optimization of biodiversity within golf 

courses is therefore necessary to expand the ecosystem services provided by golf courses beyond 

the social and economic realm.  

Human well-being is deeply linked to nature and has been widely shown to provide a multitude 

of psychological benefits. However, the quality and biodiversity of the natural habitat is 

important for determining the extent of benefits experienced. Psychological well-being of people 

in urban greenspaces has been found to be positively related to the species richness of plants and 

birds (Fuller et al., 2007). Additionally, Cox et al. (2017) showed that proximity to areas with 

higher bird abundance and higher vegetation cover is associated with lower stress, anxiety, and 

depression. Similarly, Ratcliff et al. (2013) demonstrated that the sound of birds singing 

contributes to stress recovery and attention restoration. 

Higher biological diversity on golf courses also increases pest control services provided by 

organisms, most prominently birds and bats. The most common diet type in birds is 

insectivorous, with over 50% of species being primarily insectivorous, and 75% eating insects 

occasionally (Sekercioglu, 2006). Several studies have found evidence that birds have a 

significant effect on invertebrate population densities, which often have top-down effects that 

cascade to plant health (Whelan et al., 2008). Additionally, most bat species in Ontario are 

nocturnal insectivores and have been shown to significantly suppress pest insect populations 

(Boyles et al., 2013). 

In the context of rodent population control, birds of prey often use urban areas as habitat when 

there is enough biological diversity to support them. Korpimaki and Krebs (1996) determined 
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that population dynamics of small mammals are affected by birds of prey, and Abramsky et al. 

(1996) discovered that even simply the presence of birds of prey can reduce small mammal 

activity by creating a ‘landscape of fear.’ Pollination, seed dispersal, nutrient cycling, carbon 

sequestration, and water purification have also all been shown to increase and improve as habitat 

area and biodiversity increases (Millennium Ecosystem Assessment, 2005). 

The high density of land alteration, human population and golf courses in southern Ontario’s 

landscape, along with the high proportion of greenspace golf courses occupy in urban 

landscapes, provide an opportunity for improving and expanding the ecological infrastructure of 

a landscape. Restoration of habitat and optimization of biodiversity within golf courses, using 

landscape architecture, has the potential to improve the psychological well-being of local people, 

increase carbon sequestration, improve water quality, as well as amplify pest control, nutrient 

cycling, and pollination 

1.5 Structure of the thesis 

This thesis begins with a review of the literature, which is organized into subsections discussing 

the ecological value of golf courses, the role of the landscape context, how golf courses are 

maintained, what taxonomic groups they have been shown to provide habitat for, the three 

existing bodies of knowledge, and areas of priority for filling gaps in knowledge. Next is the 

methods that are followed to find the results. These include the comparison tables that were 

made to gather and formulate design recommendations. The fifth section consists of the 

discussion and conclusion, which consults the challenges and opportunities encountered when 
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synthesizing and applying the advice, as well as limitations the research has and areas of future 

research. 
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2 Literature Review 

2.1.1 The ecological value of golf courses  

A number of studies have shown that in human modified landscapes, golf courses are often 

known as ‘‘green infrastructures’’ in an urban context and may have the potential to support high 

levels of biodiversity compared to the surrounding landscape (Colding & Folke, 2009; Petrosillo 

et al., 2019; Tanner & Gange, 2005); can play an important role in enhancing landscape 

connectivity for biodiversity (LeClerc & Cristol, 2005; Deslauriers et al., 2018); and serve as 

refuges for some species (Burgin & Wotherspoon, 2009; Terman, 1997). These effects are 

attributed to the fact that golf courses make up a large proportion of greenspace in an urban 

landscape and often contain patches of natural or semi-natural habitat. 

Colding & Folke (2009) analysed the results of 101 studies comparing the ecological value of 

golf courses and other green-area habitats. They found that 64% of studies concluded that the 

golf course had a higher ecological value, 17% concluded golf courses had a similar ecological 

value, and 22% concluded golf courses had a lower ecological value. In studies comparing 

species richness, 59% of comparative cases showed golf courses had higher species richness, 

with 21.4% showing that species richness was similar to other land types and 19% lower than 

that of other land types. However, it was found that golf courses supported less faunal species at 

risk than natural habitats, nature protected areas, and other non-golf land types, with only 13 of 

45 cases showing golf courses supporting more. 



13 

 

 

In a meta-analysis of 239 papers examining the environmental impacts and landscape effects of 

golf courses globally, Petrosillo et al. (2019) found that in general, golf courses have a negative 

impact on water and soil quality, but a positive impact on biodiversity and ecosystem services, 

especially in urban and agricultural areas. They note that most (67%) of the golf course studies 

that they reviewed took place in North America and 20% in Europe. They found that that 35% of 

the studies analyzed the landscape scale context, while the remainder focused on the golf course 

scale only. 

Compared to other urban and peri-urban greenspaces, golf courses have lower levels of human 

activity in proportion to land area as well as fewer introduced predators, like domestic cats 

(Gallo et al., 2017). This may make them safer breeding habitat for a variety of species, but 

especially birds, as domestic cats have a significant impact on urban bird populations (Baker et 

al., 2008; W. Gillihan, 1999). However, despite providing green space and showing conservation 

potential, many golf courses support only common generalist and urban-adapted species 

(Hodgkison et al., 2007). 

2.1.2 The role of context 

Colding and Folke (2009) found that the ecological value of a golf course was directly correlated 

with the degree of anthropogenic impact in the surrounding landscape. Ecological value 

increased progressively from parkland (44%) to agricultural (69%), residential (84%) to highly 

urban land uses (94%). 
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Petrosillo et al. (2019) noticed that three most common landscape contexts of the golf courses 

studied were (i) natural, (ii) agricultural/semi-natural, and (iii) urban/peri-urban. Of these 

contexts, most (77%) of the cases were golf courses in urban/peri-urban landscape contexts. The 

researchers concluded there is a need for more research on the ecological effects of golf courses 

at the landscape scale. Of specific importance is the proportion, density and complexity of native 

vegetation, and the composition and configuration of habitat in the surrounding landscape. 

Golf courses provide more ecological value in highly urban areas because they are green space in 

an area where very little green space exists. Therefore, any type of ‘green’ land use will have 

significant value, unlike in a natural context where the type of ‘green’ and amount of actual 

natural habitat matters. Petrosillo et al. (2019) concludes that golf course construction should be 

prioritized in urban and peri-urban contexts because they can represent green infrastructure and 

can support many different ecosystem services when properly planned and connected to a 

network of natural and semi-natural areas. 
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Figure 2.1 Ecosystem processes can be promoted when golf courses are connected to patches of 
habitat and agriculture in the landscape, which is called ‘ecological land-use complementation.’ 
When a golf course is adjacent to a forest patch (b), it has a much higher chance of supporting 
breeding amphibians in its ponds, and when it is adjacent to both forest and crop land (d), it has a 
higher chance of supporting pollinator species that may benefit crop yields (Colding, 2007; Colding 
& Folke, 2009). 

2.2 Maintenance and disturbance 

Turf maintenance on golf courses often involves intensive chemical application in order to 

withstand low mowing and heavy traffic, and to satisfy the expectations of golf course users 

(Metcalfe et al., 2008). Nitrogen (N), phosphorous (P), and different types of pesticides are 

applied. Nitrogen and phosphorous are essential nutrients required by turfgrass species for 

establishment, growth, and colour. Runoff of these nutrients into bodies of water can result in 

eutrophication, reduced species diversity and changes to the ecosystem structure (Baker et al., 

(a) (b) 

(c) (d) 
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2013; Raven & Wagner, 2021). Even low concentrations of N and P can cause aquatic problems 

associated with increased algal growth (Balogh & Walker, 1992). 

Research has indicated that the surface runoff of chemicals and fertilizers applied to golf courses 

have a negative effect on the ecology of surrounding ecosystems, especially aquatic. The surface 

loss of pesticides and nutrients is influenced by several factors: (i) length of time between 

chemical application and a precipitation event; (ii) volume and duration of precipitation event; 

(iii) soil moisture preceding precipitation event; (iv) slope gradient; (v) volume and method of 

chemical application; (vi) time between chemical application and plant uptake (vii) chemical 

properties; (viii) rate of biodegradation; (ix) soil properties; and (x) vegetation type/density 

(Balogh & Walker, 1992). 

2.2.1 Chemical and fertilizer use in golf course maintenance regimes 

A study was conducted on the composition and concentrations of pesticides in the watersheds 

that receive runoff from golf courses in the Muskoka area of Ontario. Researchers found that the 

toxicity level was high enough to be toxic to a particular Japanese fish species. This does not 

mean it is toxic to all fish species or other organisms, but it does have potential to be. The 

authors suggest that a reduction in pesticide use is the best way to reduce the effect of pesticides 

on watersheds. Additionally, educating golfers to lower their standards for cosmetic value of golf 

courses may be valuable for reducing pesticide use, as much of the load of pesticides is applied 

for the aesthetic value of the course (Metcalfe et al., 2008). 
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Previous studies have shown effects as well. Mallin & Wheeler (2000) studied the water quality 

of coastal streams adjacent to golf courses in southeastern North Carolina. They found that 

nitrate levels were higher in streams leaving golf courses than streams entering golf courses, 

ammonium concentrations increased as the stream moved through the course, but orthophosphate 

concentrations were only elevated at two midcourse sites and one outflow site. They also found 

that nitrate levels were high enough to cause high enough increases in phytoplankton biomass to 

cause spring and summer algal blooms. They determined that nutrient loads in watersheds 

adjacent to golf courses can be reduced by creating vegetated buffers along drainage ditches, wet 

detention ponds and wetlands for the water runoff to flow through before reaching the stream. 

In an investigation of the effects of golf course operation and construction on benthic algal 

communities and water quality in headwater streams on the Precambrian Shield, Winter et al. 

(2003) found that epilithic diatom structure was different between golf course streams and 

minimally impacted reference sites. The results indicate that headwater streams adjacent to golf 

courses have high nutrient enrichment, higher pH, and experience more disturbance.  

Chlordane (C10H6Cl8) is an organochlorine pesticide that began being used in Canada as an 

insecticide for agricultural crops, lawns, gardens, and underground termite prevention in the 

1940s. Its use was discontinued in North America in 1998, however it is persistent in the 

environment for many years (ATDSR, 1994; Environment Canada, 2008). It has been reported 

poisoning birds since the early 1980s (Blus et al., 1983), and several studies in the eastern U.S.A. 

have reported poisoning in many different species, sometimes numbering in the several hundreds 

(Stansley & Roscoe, 1999). In a study investigating the food chain uptake of chlordane by birds, 
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Stansley et al. (2001), found higher concentrations of chlordane-related compounds in Japanese 

beetles from golf courses and urban/suburban areas than from rural/agricultural areas in New 

Jersey. 

Currently, golf courses receive special treatment when it comes to pesticide use in Ontario. In 

2008, the Government of Ontario passed the Cosmetic Pesticides Ban Act (S.O. 2008. C 11 – 

Bill 64), which prohibits the use of pesticides on lawns, vegetable/ornamental gardens, patios, 

driveways, cemeteries, and in parks and school yards for cosmetic reasons. Additionally, more 

than 250 pesticides were banned from being sold and over 95 pesticide ingredients were 

outlawed for cosmetic uses (Ontario Ministry of the Environment, 2009). The ban was consulted 

and supported by medical experts and environmental organizations (Ontario Ministry of the 

Environment, 2013). The Act is not without exception clauses, of which the most notable refers 

to golf courses. In the summary of the Act and the exceptions, Ontario Ministry of the 

Environment (2009) states “Golf courses are conditionally excepted from the ban provided they 

follow tough new rules. They must become accredited for Integrated Pest Management (IPM) by 

an approved accreditation body. Golf courses must prepare an annual report on how they 

minimized their pesticide use and make the report accessible to the public. Also, they must hold 

a public meeting annually to present the report.” 

IPM is a program that utilizes less harmful forms of pest control before turning to chemical pest 

control as a last resort. Biological (introducing natural enemies), cultural (e.g. planting patterns), 

mechanical (removal by machine), and genetic pest control (planting pest-resistant varieties) are 

all used first (National Research Council, 1996). Studies in the US on the use of IPM in 
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agriculture have shown that IPM has the potential to reduce costs while maintaining, and 

sometimes even improving crop quality and quantity (US General Accounting Office, 2001). 

However, a major limitation of IPM is that it does not require any understanding of ecosystem 

structure or function yet is significantly more labour intensive and complex than traditional 

chemical pest management (McKinlay and Atkinson, 1995). 

Another method of reducing chemical and fertilizer use on golf courses that has been shown to 

be effective is implementing Best Management Practices (BMPs). BMPs involve changes to 

management practices, which, in the context of a golf course means changing chemical 

application procedures, using proper watering and mowing techniques, and managing thatch. An 

experiment was conducted evaluating the effects of BMP implementation on pesticide 

contamination and fertilizer concentrations in surface waters of golf courses in Kansas, USA. 

Nitrate and phosphorous concentrations, as well as frequency of pesticide contamination were 

shown to significantly decline after BMP implementation. Additionally, a significant increase in 

the abundance of macroinvertebrate taxa and appearance of water quality sensitive species were 

found after BMP implementation (Davis & Lydy, 2002). In their meta-analysis of the effects of 

pesticides and fertilizers on amphibian survival and growth, Baker et al. (2013) found that best 

management practices for chemical application in agricultural ecosystems is very effective. 

In addition to altering management practices, the structural design of a golf course landscape can 

reduce chemical toxicity in surface waters. Planting grass species appropriate for the specific 

growing environment, establishing buffer strips around waterways, and creating wetlands planted 

with aquatic vegetation on golf courses have all been successful in experiments.  
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Turf buffer strips may be effective at reducing chemical loads entering golf course water bodies. 

They reduce surface runoff by: i) increasing potential for soil to absorb water; (ii) reducing 

surface flow velocity to reduce the erosive power and sediment carrying capacity of water; (iii) 

providing physical filtering of sediment or chemicals in solution; and (iv) diluting applied 

chemicals (Muscutt et al., 1993). Schmitt et al. (1999) found that filter strips 15 m wide were 

more effective than strips 7.5 m wide at reducing sediment runoff (93 vs 76%) and contaminants 

associated with sediment (83 vs 27%). However, they found they were not as effective at 

reducing loads of dissolved contaminants. The type of vegetation a buffer strip is planted with 

has been shown to not matter as much as the width, as (Schmitt et al., 1999) found that grass 

buffer strips were just as effective as strips planted with shrubs and trees. Contrastingly, (Cole et 

al., 1997) found that buffer strips at only 2.4 m wide bordering water bodies reduced pesticide 

and nutrient runoff just as effectively as strips 4.9 m wide, when testing strips planted with a 

species of grass commonly used on golf courses. Additionally, they compared strip mowing 

heights (1.3 cm - representing no rough, and 3.8 cm – representing a traditional rough in the state 

of Oklahoma), and found they did not differ in reducing chemical runoff volumes either. 

Therefore, mowing height does not seem to affect the volume of chemical runoff entering the 

water. 

Some research has been conducted examining differences in chemical runoff reduction between 

the type of species planted in buffer strips. In a study examining pesticide removal by ten 

aesthetically acceptable native plant species in golf course buffers, Smith et al. (2008) found a 

complexity of differences between species. The three species that were most effective at 
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removing pesticides when compared to unvegetated plots were Blue Flag Iris (Iris versicolor), 

Eastern Gama Grass (Tripsacum dactyloides), and Big Bluestem (Andropogon gerardii). Each of 

these plants differed in the particular chemical they removed most effectively. Additionally, 

Prairie Cord Grass (Spartina pectinata) and Perennial Rye (Lolium perenne) were effective in 

uptake of a particular fungicide that the forementioned species were not. These results are 

consistent with Rankins et al. (2001), who found that Big Bluestem reduced herbicide loss by 

55%, Eastern Gama Grass by 76%, Switchgrass (Panicum virgatum) by 49%, and Tall Fescue 

(Festuca arundinacea) by 46% compared to the unvegetated control.  

Establishing golf course wetlands with aquatic vegetation has been shown to improve water 

quality by removing and biodegrading pesticides and uptaking excess nutrients. In their study 

examining the water quality of a vegetated wetland in a golf course in a residential area of 

Indiana, Kohler et al. (2004) found an improvement of water quality after filtration through the 

wetland. However, authors stress the importance of designing wetlands large enough to 

maximize water retention during storm events.  

The extent of water quality improvement, however, is dependent on the type of vegetation, area 

of coverage, pond geometry, and post-pond treatment of the water. In their examination of water 

quality improvement by three different ponds in a landscape matrix of residential, retail, and golf 

courses in North Carolina, Mallin et al. (2002) found complex mixed results. They found that the 

pond receiving direct golf course runoff contained significantly higher levels of N and P 

compared to the other two ponds, but that all three ponds improved the quality of water as it 

moved through them. The pond that improved the water quality most significantly contained a 
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high abundance and diversity of aquatic plants and received the water input at the upper end of 

the system. This required the water to pass through the entire length of the pond, which 

maximized detention time and caused more contact time with plants. The authors therefore 

recommend wet detention ponds designed to maximize length to width ratio with major inputs 

entering at the upper end of the pond. They also recommend maximizing planting coverage of a 

diverse array of native aquatic plants and creating a shallow shelf along the edge of water bodies 

to encourage root growth.  

2.2.2 Litter 

Studies on the occurrence of municipal solid waste litter on golf courses are not available in the 

literature. However, research has been conducted in other public land uses such as beaches, 

parks, roadsides, and campuses. Terrestrial litter often travels to adjacent rivers (McCormick et 

al., 2014), which move it to areas of high accumulation such as shorelines and marine 

environments (Zbyszewski & Corcoran, 2011). Research has shown that most marine litter 

originates from terrestrial sources and consists of objects used in recreational activities such as 

glass bottles, plastic bottles, caps, bags, and aluminum cans and tabs (Galgani et al., 2015). 

Plastics have been predicted to persist in the environment for tens to hundreds of years and have 

detrimental effects on wildlife, including entanglement, suffocation, and ingestion. Over 557 

species, of all taxonomic groups, have been observed being affected by entanglement or 

ingestion of plastic debris (Kühn et al., 2015).  

Littering can be prevented by the proper placement and design of garbage and recycling bins, 

reducing the need to clean up litter. Additionally, providing both garbage and recycling bins 
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encourages proper waste sorting, as most people who recycle first become aware of local 

recycling schemes by seeing public trash cans (McDonald & Ball, 1998). Waste sorting at the 

source reduces the cost, energy and time spent in the recycling process by initiating waste 

separation at the source (Gundupalli et al., 2017).  

The design and location of garbage bins affects separation performance and waste collection. 

Leeabai et al. (2021) found that the more noticeable trash bins were, the more efficiently sorted 

the waste was. Additionally, Leeabai et al. (2021) and Schloss et al. (2018) found that the colour 

of each of the bins is important for ensuring people dispose of their litter in the correct bin, and 

the correct colour varies regionally. Consistently in municipalities across Ontario, recycling bins 

are blue, garbage bins are black, and compost bins are green. According to the 2009 National 

Visible Litter Survey and Cost Study, the highest incidence of non-roadway litter was found at 

“transition zones” or areas where someone consuming a packaged item would need to discard it 

before entering a building. On golf courses, areas other than building entrances where people are 

most likely to be producing waste that could be considered transition zones are the beginning of 

each hole.  

2.3 Golf courses as habitat 

Petrosillo et al. (2019)’s analysis of the literature of the effects of golf courses on biodiversity 

and ecosystem services found that the most studied taxonomic group are birds, followed by 

insects and earthworms, amphibians, mammals, reptiles, terrestrial and aquatic vegetation, and a 

small proportion focused on fishes and benthic macro-invertebrate communities.  
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2.3.1 Birds 

Research on the use of golf courses by both breeding and migratory birds is extensive and 

provides useful evidence for the current role golf courses play in bird habitat conservation and 

how this can be improved. From an anthropogenic perspective, birds can be both a benefit and a 

nuisance in golf landscapes. For example, passerines are often considered attractive while geese 

can challenge the playability and cleanliness of a course. However, birds are one of the most 

important and diverse ecosystem service providers (Smits & Fernie, 2013), and function as 

‘mobile links’ that connect habitats in space and time (Lundberg & Moberg, 2003), bird-based 

study data can reveal information on land use that is relevant to all taxa. Bird populations have 

been severely declining for the past century (Rosenberg et al., 2019).  

LeClerc & Cristol (2005) surveyed 87 golf courses in Virginia to specifically determine if golf 

courses support bird species of conservation concern. They measured proportions of land-cover 

types within the golf course, and within a 250 m and 1500 m buffer around the golf course. They 

classified land-cover types into open water, herbaceous wetland, forest, row crop, grassland, and 

developed (with some sub-types). They found that golf courses with the highest bird 

conservation value contained double the proportion of forest cover and had buffer zones with 

half the proportion of development. They found that relative bird abundance did not differ 

between the golf courses and their residential and agricultural reference sites but was 50% higher 

in forested reference sites. Some golf courses contained some species of conservation concern - 

specifically courses with a greater proportion of forest cover. These results indicate that golf 

courses in forested regions have the potential to play a larger role in bird conservation if they 
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contain a significant proportion of forest. However, proportions of forest in the surrounding 

landscape is a better predictor for relative abundance of birds on golf courses than the land cover 

characteristics of a golf course property. 

Porter et al. (2005) came to a similar conclusion in their study assessing the bird communities 

within six golf courses in and around Oxford, Ohio along a gradient of surrounding land-use 

intensity, from most urban to most natural available in the study area. They evaluated the 

proportions of land cover types within 100, 500, and 1000 m of each golf course and found that 

in general, the surrounding landscape was significantly more important for bird species diversity 

than on-site characteristics. Additionally, they discovered that bird diversity is positively related 

to larger natural buffers around the courses and suggest that all future studies consider scales 

from 100 to 1000 m to capture effects at multiple scales. The only on-site relationship they found 

was a positive correlation between abundance of declining bird species and the average diameter 

at breast height (DBH) of trees. They also noticed that the more urbanized the landscape around 

a golf course was, the smaller the size of the golf course, causing them to suggest future studies 

control for golf course area.  

Jones et al. (2005), looking at the effects of the surrounding landscape on 24 golf courses in 

South Carolina, found that the on-course mean species richness of birds decreases as amount of 

habitat alteration in the surrounding landscape increases. They also found that the golf courses in 

the group with the highest alteration of the surrounding landscape were completely void of 

certain species of conservation concern and had a higher abundance of generalist and non-native 
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species. Further, species richness was positively correlated with percentage of forest cover within 

the golf course.  

Hudson & Bird (2009) also conclude that avian communities on golf courses are influenced by 

the context of surrounding landscape in addition to site scale landcover variables. They studied 

the breeding bird communities of six golf courses and six green spaces in Montreal, Quebec to 

learn if they correlate with specific landscape elements. They found a similar diversity and 

abundance of bird species between golf courses and green spaces, but a significantly different 

species composition. The landcover types that differed in area between golf courses and green 

spaces were deciduous tree cover (golf courses had less), mowed grass cover (golf courses had 

more), non-vegetated water (golf courses had more), and paved surface (golf courses had more). 

The authors found that on golf courses the bird abundance and diversity were positively 

correlated with areas of non-vegetated water, grass and coniferous tree cover.  

Hudson and Bird (2009) further suggest that the area, shape, and connectivity of understory 

vegetation and shrubbery on golf courses should be investigated as these factors are often 

overlooked. They also explain that their lumping of buildings into the same category as paved 

area may not be accurate, as many bird species nest exclusively in and on buildings. Last, they 

explain that it is important to consider the landcover between houses on residential lots, rather 

than just the houses themselves, as it differs drastically. They suggest management strategies be 

implemented in golf courses to maintain and restore high quality green spaces for biodiversity 

by: (1) increasing deciduous and coniferous tree cover; (2) increasing native vegetation within 

and surrounding all water bodies; (3) reducing the amount of highly managed grass area; (4) 



27 

 

 

ensuring large, undeveloped buffers are maintained to prevent a shift in avian community 

composition with increasing urban sprawl; and (5) ensuring sites are planned as large as possible 

(Hudson & Bird, 2009). 

In the region of Brisbane and Gold Coast of Australia, Hodgkison et al. (2007) found 

significantly higher bird species richness on golf courses than suburban areas but a similar 

richness in eucalypt forests. However, they observed significantly higher relative abundance of 

birds on golf courses than in residential areas and eucalypt forests. They explain that although 

golf courses seem to support high bird species richness, the rare or declining species found in 

eucalypt forests are often not found in golf courses, indicating golf courses do not have a higher 

conservation value than eucalypt forests. Therefore, even if the replacement of forest by a golf 

course increases species richness at a local scale, species richness will be reduced at a regional 

scale. This requires urban land-use decisions to be made based on multiple spatial and temporal 

scales. 

In a multi-taxonomic group study in the Greater Sydney Region of Australia, Nooten et al. 

(2018) found that the diversity of bird species increases with the number of trees, area of on-

course native habitat, and size of water features on golf courses. They also found that water 

features contained the most unique bird species, and fairways had the least unique. The 

importance of water feature size in this study may relate to the aridity of, and therefore lack of 

water features in, the surrounding ecosystem. In a similar study in Surrey, United Kingdom, 

Tanner & Gange (2005) found that bird diversity is higher on golf courses than the surrounding 

farmland, and is positively correlated with tree diversity. 
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2.3.2 Other taxonomic groups 

Several studies have been conducted which examine multiple taxonomic classes of wildlife at 

once. These have produced mixed results and are useful for understanding the effects of golf 

courses on general species richness. 

In the Greater Sydney Region of Australia, Nooten et al. (2018) assessed the diversity, 

community composition and species richness of ants, birds and plants on fifteen golf courses at 

two different spatial scales. They found that diversity of ant and bird species increase with 

number of trees and size of water features on the site, as well as proximity to natural woodland. 

Area of on-course native habitat in general also strongly influenced ant and bird diversity, as 

well as the number of less common species. Significantly fewer ant species were found on 

fairway habitats compared to the more structurally complex wooded habitat types that are known 

to provide suitable habitat for foraging and nesting. The authors conclude that plant diversity was 

mainly associated with landscape scale factors, but local scale factors play a more important role 

in determining ant and bird diversity. 

Tanner and Gange (2005) found similar results in their study comparing the diversity of trees, 

herbaceous plants, birds, ground beetles and bumblebees on golf courses and the adjacent 

farmland in Surrey, United Kingdom. They determined that bird, beetle and bumblebee species 

richness and abundance was higher on the golf courses than the surrounding farmland. 

Additionally, they found that golf courses contained a higher diversity of tree species but no 

difference in the diversity of herbaceous plant species than the surrounding farmland. They also 

discovered that the age of a golf course (1-10, 20-30 and 90+ years old) has no effect on bird 
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species diversity, abundance or richness, but there is a higher abundance of non-native tree 

species on older golf courses. 

Studies assessing invertebrates and herptiles on golf courses are not very common in the 

literature. In a study in Stockholm, Sweden, Colding et al. (2009) obtained no evidence for any 

difference in macroinvertebrate species composition but significantly higher newt occurrence 

and significantly less anuran species occurrence between golf course ponds and ponds in nature-

protected areas and residential parklands. The authors suggest this is the case because chemical 

use is not as severe on golf courses as assumed, the ponds are ideal habitat for the newt species 

found, and the newt species preys on anuran tadpoles (Colding et al., 2009).  

An experiment on two golf courses in Maryland was conducted to determine the effectiveness of 

the installation of ‘conservation strips’ in the rough area for increasing arthropod abundances. 

The strips varied from 3 by 8 m to 4 by 16 m, consisted of three different flowering plant species 

and were positioned with the long side parallel to the fairway. The researchers found complex 

results, but overall that predator, parasitoid, and alternative prey arthropod abundance increased 

with proximity to the conservation strip, and pest arthropod abundance decreased with proximity 

to the conservation strip (Frank & Shrewsbury, 2004). Moreover, research conducted in 

northcentral Florida golf courses, it was found that the higher the native floral species richness in 

planted wildflower areas, the higher the native bee and other beneficial arthropod abundance was 

(Dale et al., 2020).  

In a study assessing the abundance, body size, body condition, and frequency of injury and 

deformity of snapping and painted turtles in golf course, protected area and general urban 



30 

 

 

wetlands in Syracuse, New York, USA, Winchell & Gibbs (2016) found no difference between 

landscape contexts. They also found that golf course wetlands are more similar in area, open 

water extent, shape, water temperature and conductivity, and emergent vegetation extent to 

wetlands in natural areas than urban areas. Finally, they discovered that several of these factors 

were more strongly associated with habitat characteristics than landscape context, indicating 

local scale factors are more important than landscape scale factors for these two turtle species. In 

Hodgkison et al. (2007)’s multi-species study, they found no difference in relative abundance of 

reptiles between golf courses and eucalypt fragments, but a significantly higher species richness 

in eucalypt forests. However, both the relative abundance and species richness of amphibians 

were significantly higher in eucalypt forest than golf courses. 

In a study comparing turtle occupancy and species richness in urban, golf course, and rural 

ponds, Guzy et al. (2013) found that local-scale habitat connectivity between ponds was very 

important for four of the six species studied. As a result, species richness was also positively 

correlated with in-course habitat connectivity. It was also found that species richness was higher 

in golf course ponds than urban or rural ponds, which may be attributed to the fact that golf 

courses had the highest number of ponds and most diverse aquatic habitat types.  

Perhaps the least studied class of wildlife on golf courses are mammals. However, Wurth et al. 

(2020) found that coyotes frequently use golf courses in all surrounding landscape compositions. 

They were found to use them more frequently during periods of lower human activity: during the 

night and off-season. Gallo et al. (2017) assessed the diversity, colonization rates and persistence 

of mammals in golf courses, city parks, natural areas, and cemeteries of Chicago, Illinois, USA. 
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They found that natural areas contained the highest diversity, city parks the lowest, and golf 

courses and cemeteries in the middle with similar diversity levels. Specifically, they discovered 

that domestic cat, Eastern cottontail, striped skunk, red fox, and deer had a low probability of 

colonizing golf courses, where raccoons and coyotes had a high probability of colonizing golf 

courses. Across all species and all non-natural sites, colonization probability was low compared 

to persistence probability, suggesting connectivity between green spaces is important and should 

be prioritized in wildlife-friendly urban design (Gallo et al., 2017). Contrastingly, Hodgkison et 

al. (2007) found no significant difference in mammal relative abundance and species richness 

between golf courses and eucalypt fragments. 

2.4 Ecological golf course design advice 

2.4.1 Framework for Ecological Design in Altered Landscapes 

A general and succinct ecological design framework in the literature comes from Gagné et al. 

(2015). It is set to the landscape scale and very generalized, presenting 5 simple steps in a 

sequential manner. It can be applied to any human-modified landscape using only land cover 

data, while considering constraints on land-use planning. The steps are as follows: 

1. Select land cover data and decide which land cover classes constitute unaltered or altered 

land covers. 

2. List the constraints on land use planning (e.g., economic, social) that exist for the landscape; 

and, within the constraints identified in Step 2. 
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3. Maximize the total amount and diversity of unaltered land cover, especially near water. 

4. Minimize human disturbance within altered land cover, especially near water. 

5. Aggregate altered land covers associated with high-intensity land uses, especially away from 

water. 

2.4.2 Audubon Society Certification 

The Audubon Cooperative Sanctuary Program for Golf Courses (ACSP) is a program that 

certifies golf courses working to "protect the environment, preserve the natural heritage of the 

game of golf, and gain recognition for their efforts" (Audubon International). It is specifically for 

golf courses already in operation and involves six certification categories: environmental 

planning, wildlife and habitat management, chemical use reduction and safety, water 

conservation, water quality management, and outreach and education. The certification process 

requires documentation, and a site visit from Audubon International staff. Recertification takes 

place every three years. Out of the ~855 golf courses in Ontario, there are 51 ACSP-certified 

courses, which equates to just under 6% (Audubon International).  

To assist golf course managers with their sustainability efforts, Audubon International has 

created a Fact Sheet titled Environmental Management Practices for Golf Courses. This 

document is composed of a thorough bulleted list of recommendations for Environmental 

Planning, Wildlife and Habitat Management, Chemical Use Reduction and Safety, Water 

Conservation, and Outreach and Education for any North American golf course, at a local spatial 
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scale. However, none of the recommendations in Audubon’s guide are cited and the wording 

used may not lead to the highest possible success. 

The following is the list of Wildlife and Habitat Management suggestions included in the ACSP 

document (italics indicate landscape design elements): 

General Knowledge 

• Identify core habitats, such as mature woodlands, wetlands, or stream corridors, and 

special habitat concerns, such as endangered or threatened species, on the property.  

• Train staff to understand that management practices may positively enhance or 

adversely impact wildlife species and habitats on the property.  

• Identify the dominant native plant community and ecological region in which the golf 

course is located.  

• Maintain an on-going written inventory of at least bird and mammal species to 

document and track wildlife use of the property.  

Wildlife Habitat Enhancements  

• Maintain natural wildlife habitat in at least 50% of all minimally used portions of the 

property.  

• Connect small and large natural areas as much as possible to improve wildlife 

movement throughout the golf course and from the course to neighboring natural 

areas. For instance, connect woods, meadows, stream corridors, and ponds with 

corridors of natural vegetation.  
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• Maintain or plant varying heights and types of plants, from ground cover to shrub 

and tree layers in habitat areas such as woods, desert, or prairie (e.g., leave 

understory in woodlands; maintain grasses and herbaceous plants in tall grass 

areas).  

• Leave dead trees standing when they do not pose a safety hazard.  

• Maintain a water source for wildlife with aquatic plants and shrubbery or native 

landscaping along the shoreline (i.e., not turfgrass). This could be a pond, stream, 

wetland, or river corridor. On smaller properties, this may also include a birdbath or 

created “backyard” pool.  

• Naturalize at least 50% of out-of-play shorelines with emergent aquatic and shoreline 

plants. Give special attention to shallow water areas (<2ft deep). Choose flowers for 

gardens or container plants that will provide nectar for hummingbirds or butterflies.  

• Maintain nesting boxes or other structures, when appropriate, to enhance nesting 

sites for birds or bats. 

Habitat Protection and Biodiversity Conservation  

• Complete any mitigation projects required by permit.  

• Protect wildlife habitats, and any endangered or threatened wildlife or plant species, 

from disturbance by golfers and maintenance activities. Use buffers, mounted signs, 

fencing, or designated “environmentally-sensitive zones” (per USGA rules) as 

needed.  
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• Establish and maintain at least 80% of the landscaped trees, shrubs, and flowers, 

excluding turfgrass, with plants that are indigenous to the native plant community of 

the ecological region of the property.  

• Purchase landscape plants from locally-grown sources, whenever possible, to 

support the genetic integrity of local native plant communities.  

• Avoid disturbing known bird nests or den sites until after young have dispersed. Stake 

or flag such areas when needed (e.g., rope killdeer nests; avoid removing shrubs or 

trees during bird nesting season if nests are present; do not mow fields until after 

bird nesting season).  

• Restore degraded habitats, such as eroded slopes, compacted soils, polluted water 

sources, or areas overrun with invasive exotic species.  

• Clean up trash from habitat areas when necessary.  

• Confine roads, cart paths, trails, and necessary vegetation removal to the edges of 

existing habitats to minimize habitat disturbance and fragmentation. 

2.4.3 Amphibian Habitat Guidelines 

In their 2011 paper, Jackson et al. provided guidance specific to amphibian species in Ontario. 

Some of the recommendations are at the patch scale, and some at the golf course scale, with few 

referring to the landscape scale. The recommendations do not consider any taxa other than 

amphibians, which is important considering the interconnectedness of all taxa in a habitat. 

However, amphibians are one part of an ecosystem, and require a healthy amount of overall 
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biodiversity to succeed. The design guidelines concluded upon in Jackson et al. (2011) are as 

follows (italics represent landscape design elements): 

1. Consult local Conservation Authorities to determine specific requirements for threatened 

species. 

2. Identify any regulated wetland and setback requirements on site and in surrounding area. 

3. Identify and preserve mature forests with dense canopies and cool microclimates. 

4. Identify and preserve ephemeral wetlands which are inundated with water for 4–9 months of 

the year. 

5. Maximize the amount of native forest cover within 142–370 m of breeding pools. 

6. Preserve a network of forested wetlands and upland patches within 370 m of breeding pools. 

Baldwin et al. (2006) estimated 25–33% of the core terrestrial habitat (370 m radius 

surrounding breeding pool) is sufficient for conservation efforts. 

7. Preserve/create aquatic and terrestrial environments so that the distance between breeding 

and upland habitats are >370 m apart. 

8. Account for predominate winds, solar exposure and the influence of edge effects on 

microclimates by designing forested habitats >50 m in width. 

9. Provide vegetated corridors at least 50 m in width to connect aquatic and terrestrial habitats 

within the course layout as well as to those in the surrounding landscape. 
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10. Minimize the density of roads and amount of agricultural fields, open pasture, and steep 

banks within the landscape between habitats. 

11. Provide natural microhabitats consisting of coarse woody debris, an undisturbed layer of 

leaf litter, small mammal burrows, and boulders on the forest floor. 

12. Provide forested areas with horizontal and vertical structural diversity, with layers of ground 

cover, understory, grasses, shrubs, and trees. 

13. Create shallow littoral shelves in lenthic environments with slopes less than 15:1 in aquatic 

environments. 

14. Avoid vertical walls around aquatic environments; plant native emergent vegetation on pond 

edges. 

15. Provide a mix of closed canopy and open canopy forest around aquatic environments. 

16. Provide vegetated buffers at least 7.5–15 m in width to protect against chemical runoff. 

17. Floating rafts of emergent plants or created islands can be used where there is no 

opportunity to construct shallow littoral zones. 

18. If only permanent ponds are provided, create shallow areas using weirs which can dry 

seasonally and which are free of predatory fish and bullfrogs. 
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2.5 Research Priorities to fill gaps in knowledge 

2.5.1 Grassland habitats 

Less than 1% of eastern North American tallgrass prairie remains, with shortgrass and mixed-

grass prairies suffering similar, albeit slightly less, loss (Johnson & Igl, 2001). In southern 

Ontario, only about 21 km2 of once 1000 km2 of tallgrass prairie is left, scattered across about 

130 remnant patches (Tallgrass Ontario, 2017). This is mainly a result of land clearing for 

intensive agriculture, but the increase of forest cover through the 20th century due to the planting 

of coniferous seedlings for restoration projects and marginal farmland abandonment is also to 

blame (Elliott, 1998).  

As a result of this habitat loss, grassland birds have undergone one of the most severe population 

declines of all bird groups (-20.8% from 1966 to 2013), second only to aerial insectivores (-

39.5%) (Stanton et al., 2018). Before the late 1990s, little concern was given to grassland bird 

species’ declines, likely because it was widely assumed grassland species invaded the east from 

the western prairies as a result of forest clearing by European settlers. However, pollen deposits 

provide evidence for the existence of open grasslands throughout eastern North America long 

before European colonization and even Native American activities. Further, the existence of 

genetically distinct populations of multiple grassland specialists in eastern North America and 

discovery of grassland birds in eastern North American Pleistocene deposits provide evidence 

that grassland birds are an ancient resident of this part of the continent (Askins, 1999).  
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In their study looking at how specific grassland bird species respond to different habitat patch 

sizes, Johnson & Igl (2001), found in general that grassland bird species prefer larger patches. 

This makes implementing grassland habitat into golf courses a challenge and potentially 

ineffective, because the average area of an entire golf course is on the smaller side of the scale of 

grassland patches studied. However, the results obtained were inconsistent between counties and 

the authors note there may be more important features influencing habitat suitability they are not 

aware of. Additionally, Askins (1999) hypothesizes, using evidence from some studies, that 

because eastern grassland birds evolved to utilize patches of ephemeral habitat in a forest-

dominated landscape, they have an impressive ability to find and colonize patches of habitat far 

from their source populations.  

In a study in the Chicago, Illinois area examining the nest predation and parasitism rates of 

grassland birds along an urban to rural gradient, Buxton & Benson (2015) found that the rates of 

both decreased as amount of development in the landscape increased, regardless of species 

identity. This result was unexpected, as urban areas have been shown to contain a higher density 

of predators than rural areas. The authors hypothesize this is due to a higher abundance of food 

sources in urban ecosystems, resulting in predators switching to the easier source of food like 

human garbage and small rodents. This is a common phenomenon globally, and is referred to as 

the ‘urban nest predator paradox’ (Fischer et al., 2012). This is a promising result for the 

usefulness of urban golf courses as grassland bird nesting habitat. However, both nest predation 

and brood parasitism rates were also negatively related to patch size and distance from edge of 

patch.  
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A study on Bobolink (Dolichonyx oryzivorus), a grassland nesting species at risk, in New York 

state found that nest survival rates increases with distance from forest and wooded hedgerow 

edges. Nests more than 100 m from wooded edges had significantly higher survival rates than 

nests within 25 m of wooded edges. However, nests adjacent to old fields or pastures had similar 

survival rates to nests more than 100 m from wooded edges (Bollinger & Gavin, 2004).  

Therefore, it is unclear whether golf courses have enough land area to support a complete 

grassland ecosystem, but even in small patches it is more beneficial for species richness than 

mowed turf and has potential to support grassland specialists. 

2.5.2 Native and invasive vegetation 

Golf courses are known to contain exotic and invasive plant species. Nooten et al. (2018) found 

that on average, 38% of the plants on the golf courses they examined were exotic and that 

courses with larger areas of remnant habitats had higher diversities of native plant species.  

Even non-native plants that are not considered invasive can have negative effects on the health of 

an ecosystem. Several studies, conducted in a variety of ecosystem types, have found evidence 

that herbivorous insect abundance and diversity on non-native plant species is significantly lower 

compared to native plant species (e.g. Burghardt et al., 2010; Holmquist et al., 2011). This is 

likely the case largely because herbivorous insects have adapted over a long period of time to 

become resistant to the phytochemical defenses of particular plant lineages, resulting in 

specialized plant-insect associations (Forister et al., 2015). 
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Notable results were found in a study examining if non-native trees are a limiting factor for the 

Carolina Chickadee (Poecile carolinensis), an insectivorous species, in residential areas of 

Washington D.C. Researchers determined that native tree species hosted a significantly higher 

biomass of caterpillars compared to non-native, and that Poecile carolinensis strongly preferred 

to forage in the native tree species that supported the most caterpillars. The plant groups foraged 

in most frequently were native Quercus (Oak species) (28% of observations), followed by native 

Acer (Maple species) (16%), native Carya (Hickory species) (4%), native Liriodendron (Tulip 

tree species) (3%), native Ulmus (Elm species) (3%) and native Pinus (Pine species) (3%). In 

addition, it was found that as the dominance of non-native plants increased in yards, the less 

likely Poecile carolinensis were to breed in that yard (Narango et al., 2017).  

Not only do non-native plant species support lower densities of food sources for birds, but they 

may also affect nesting success. In an investigation of nest success of Wood Thrush (Hylocichla 

mustelina) and American Robin (Turdus migratorius) in a deciduous woodland near Chicago, 

Illinois, Schmidt & Whelan (1999) found that nests in exotic shrubs were preyed upon 

significantly more often than nests in the native shrubs and trees. 

The Canadian Food Inspection Agency (2008) states that invasive plants can change the species 

composition of an ecosystem and endanger species at risk by competing with and sometimes 

displacing native plant species. They can also change the structure and function of an ecosystem 

by altering canopy layer dynamics, the productivity of native organisms, and affecting soil 

erosion and fire cycles. Invasive species are second only to habitat loss as the most significant 
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threat to Ontario’s biodiversity. It’s been shown that 20% of Ontario’s species at risk are affected 

by invasive species in some way (Ontario Biodiversity Council, 2010). 

2.5.3 Primeval forest landscapes 

According to land survey reports from the 1700s, at least 90% of southern Ontario was covered 

by forest before European settlement. This was reduced to as little as 10% by the 1920s due to 

land-clearing for agriculture, but has since increased and is currently at an average of 25% 

(Elliott, 1998; Ministry of Natural Resources, 2011). Several species of birds have evolved to 

require deep interior forest habitat for breeding, and are at risk due to the extensive 

fragmentation (Austen et al., 2001). Further, adding more forest cover and decreasing mowed 

playing areas could have benefits like saving money on staff time, effort, and equipment, as well 

as increasing the difficulty of the game by reducing easily playable surfaces, creating a challenge 

marketable to advanced golfers (Hudson & Bird, 2009). 

Eastern North America’s forests have been dominated by oak (Quercus spp.) for the past 10 000 

years (detailed in Abrams, 1992). Fires caused by lightning and Native American activities, as 

well as logging by European settlers, are the main reasons for the maintenance of oak-dominated 

forests (Abrams & Nowacki, 1992; Russell, 1980). Now that these disturbance regimes have 

changed since the 1900s, succession is able to climax, and shade-tolerant species are now 

dominating oak forests. In particular, red maple (Acer rubrum) populations have significantly 

increased in dominance and are projected to continue increasing to the point of becoming the 

most dominant species in eastern North American forests (Abrams, 1998). In a study comparing 

oak and maple dominated woodlots in Pennsylvania, Rodewald & Abrams, (2002) found 
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significant differences in avian community structure which varied among seasons and species. 

The widespread forest composition change may decrease the species richness and abundance of 

birds, and negatively affect certain species significantly (Rodewald & Abrams, 2002).  

The foraging efficiency of birds is expected to be reduced by the widespread replacement of oak 

by maple for two main reasons. First, food resources offered by maples differs from oaks for 

birds. Maples may support lower lepidopteran larvae density than other hardwood species during 

the breeding season (Holmes & Schultz, 1988), and maple seeds are less often consumed by 

birds and decompose faster than acorns. Second, several differences in morphology between 

oaks and maples may affect prey detectability and accessibility for insectivorous birds. The 

larger leaves of maples may prevent small passerines from reaching arthropods at the edges of 

leaves, and the smoother bark of some maples provides less surface area for arthropod habitat 

and foraging than the rough bark of oaks (Jackson, 1970).  

Evidence has been found showing that the abundance of not only birds, but also small and large 

mammals may be affected by acorn yields (reviewed in Rodewald, 2003). However, in a more 

recent study by Gillen & Hellgren (2013), no significant relationship was found between a 

gradient of oak-hickory dominated forest and mouse population density. The authors 

hypothesized this result could have been because of the forest types being interspersed patches, 

and the species studied being generalists. Specialist species will likely be affected much more 

negatively. These results suggest that the most ideal strategy for conserving species richness in 

forest patches is the maintenance of forest heterogeneity and diversity (Gillen & Hellgren, 2013; 

Sabo et al., 2005). 
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In their land manager’s guide to conserving habitat for forest birds in Southern Ontario, the 

Ministry of Natural Resources (2011) states that Red Oak (Quercus rubrum) is the most 

important mast producing species in Ontario because it grows acorns at an earlier age and in 

larger quantities than White Oak (Quercus alba). White Oak is also a very important mast 

producing tree, however, along with American Beech (Fagus grandifolia), Hickories (Carya 

sp.), Hazelnuts (Corylus sp.), other oak species, Butternut (Juglans cinera), Black Walnut 

(Juglans nigra), and Ironwood (Ostrya virginiana). The report instructs keeping a minimum of 

ten hard mast trees in a variety of species per hectare and encouraging larger crown size. 

Additionally, conditions for the growth of soft mast species, like large canopy openings, should 

be created to support species like Black Cherry (Prunus serotina), Elderberry (Sambucus spp), 

and Raspberry (Rubus sp.) for alternate food sources late in the breeding season and during 

migration when insect numbers are lower.  

Approximately 0.02% of the area of North America’s pre-settlement Oak Savanna remains and 

southern Ontario contains less than 3% of it’s pre-settlement area of oak savanna in the form of 

small, scattered fragments (Dinh et al., 2015). A savanna ecosystem is defined as trees growing 

in scattered or grouped patterns among an open, herbaceous understory (Nuzzo, 1986). This type 

of ecosystem could replace the areas on golf courses that are currently large trees dispersed over 

mowed turf where air flow or visibility is needed.  

The occurrence of hard mast producing trees may also encourage nesting of species at risk on 

golf courses. Rodewald et al. (2005) found evidence that Red-headed Woodpeckers (Melanerpes 

erythrocephalus), a species at risk in Ontario, experience a high rate of nesting success on golf 
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courses. They found that the presence of hard mast producing trees (specifically oak, hickory and 

beech), dead limbs, and snags, was strongly correlated with presence of nesting Red-headed 

Woodpeckers. Live trees with dead limbs with an average diameter of 20 cm contained more 

active nests than snags in this study. The authors theorize this may be a result of a lower 

availability of snags on golf courses due to removal for aesthetic or safety concerns and that dead 

limbs in out of play areas are safer than snags and often go unnoticed. 

The use of an Urban Forest Management Plan (UFMP) can be a useful guide for planting and 

managing the forested areas of a golf course. An UFMP is a guide that outlines a vision for the 

future tree canopy of a city for the use of tree care professionals to maximize the health and 

benefits of the urban forest. Although the specificity and accuracy of UFMPs varies by 

municipality, in general municipalities that have an UFMP tend to plant a higher ratio of native 

trees than those without an UFMP (Almas & Conway, 2016). In their comparison of each UFMP 

in Canada, Ordóñez & Duinker (2013) conclude there are several benefits to having a UFMP but 

also several improvements that can be made. Aspects such as tree nativeness, forest-like 

planting, climate adaptation, multi-scale treatment, and using economic themes as management 

indicators, require more specificity and recognition in Canada’s UFMPs. Nonetheless, benefits of 

UFMPs include that they organize and build upon existing urban forest management research 

and frameworks in the literature, as well as bring attention to less-known areas of urban forest 

management by comparing how other municipalities are addressing them (Ordóñez & Duinker, 

2013). 
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In A land manager’s guide to conserving habitat for forest birds in Southern Ontario, Ministry of 

Natural Resources (2011) provides a simple yet complete summary for property owners to 

rehabilitate their degraded woodlot, which applies well to managing forest patches on golf 

courses. 

Rehabilitating Degraded Woodlands: 

1. Desirable trees  

Identify all trees with no defects or damage and those with minimal damage without infectious 

diseases (conks, cankers) across all sizes of residual trees. Watch for representatives of all 

species that are suited to the site and wildlife trees (cavity trees, snags, mast trees, etc.) These 

desirable trees will be responsible for seed supply, wildlife habitat, and commercial potential for 

future harvests. 

2. Improve spacing and quality 

Where necessary improve spacing for desirable residual trees by removing the poorest 

neighbouring trees through targeted thinning. This will improve seed production and growth on 

trees with the best genetics, health, and quality. 

3. Advanced regeneration 

Identify and protect areas of established tree seedlings and saplings (advanced regeneration). 

These patches of seedlings should not betrampled or driven over by logging equipment or any 

other vehicles. Itis these areas that will largely determine the future forest composition. 
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4. Maintain growth of advanced regeneration 

Overhead shade provided by single undesirable trees in or adjacent to patches of advanced 

regeneration should be carefully removed to allow for maximum growth of desirable seedlings. 

Regeneration patches should be monitored for competition from undesirable shrubs and trees. 

Where competition is severe, tending operations should remove the competitors as early and 

often as possible (for up to 10 years) until desirable trees are clearly above the height of the 

competition.  

5. Establish trees in open spaces 

Within a few years of the last harvest operation monitoring activities should identify patches 

where there is limited tree regeneration. Target these areas for regeneration by considering: site 

preparation, seeding, planting, monitoring, and tending. The goal is to establish regenerating 

trees of local seed sources across all areas of the stand where trees would normally occur as 

quickly and efficiently as possible. 

2.5.4 Artificial nesting and roosting structures 

More than fifty species of birds and mammals in south and central Ontario rely on tree and snag 

cavities for food and shelter. However, cavity trees are not always available, especially with 

southern Ontario’s lack of forest cover, but artificial nesting and roosting structures may help 

maintain populations of cavity-using species. 



48 

 

 

2.5.4.1 Bird nesting boxes 

Secondary cavity nesting birds are species that are unable to excavate their own cavities and 

must rely on cavities created by natural tree degradation or excavation by woodpeckers (Martin 

et al., 2004). Several strongly designed experiments have found results indicating that the 

availability of suitable nest cavities are a major limiting factor for secondary cavity nesting bird 

populations in human-altered and managed landscapes (Cockle et al., 2010; Miller, 2010; Robles 

et al., 2011; Sánchez et al., 2007).  

In an experiment in even-age pine forest in Florida, the introduction of nest boxes to the 

ecosystem resulted in an increase of most of the secondary cavity nesting species studied. These 

include Great Crested Flycatcher (Myiarchus crinitus), Tufted Titmouse (Baeolophus bicolor), 

and Eastern Bluebird (Sialia sialis) (Miller, 2010).  

Researchers assessing adult reproductive and nesting success, as well as nestling developmental 

instability, survival, and condition of Eastern Bluebirds breeding in nest boxes on and off golf 

courses found nest boxes on golf courses in York County, Virginia had 28% more bluebird eggs 

and produced 17% more fledglings than nest boxes on reference sites. Additionally, they found 

that nestling bluebirds raised in golf-course boxes exhibited 39% less fluctuating asymmetry of 

their tarsus bones, possibly an indicator that nestlings that survived to fledge had been under less 

stress during development. The authors hypothesize this may indicate that golf course nest boxes 

provide higher-quality habitat for bluebirds. These results are promising given that the nongolf 

sites used were a state park, a city park, a large hospital campus, a wooded college campus, a 

public cemetery, a horse pasture, and a dairy farm. This provides evidence that golf courses have 
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potential to serve as population source habitats for Eastern Bluebirds if nest boxes are provided 

(LeClerc et al., 2005). 

Building off that study, with the addition of 6 years of data, similar results were found by Cornell 

et al. (2011). Reference sites were the same as the LeClerc et al. (2005) study, with the addition 

of more. Eggs in nests on golf courses had higher hatching rates and brood sizes than nests on 

reference sites. Additionally, mortality of older nestlings was lower on golf courses and golf 

course nests produced 0.3 more fledglings on average than nests on reference sites. The authors 

conclude that within a matrix of human-altered land use, golf courses may be a source for 

populations of some avian species that can tolerate moderate levels of disturbance, like Eastern 

Bluebirds (Cornell et al., 2011). 

Cornell et al. (2011) theorizes that the higher hatching rates, brood sizes, and nest productivity 

may result from the consistency of golf course conditions. Since greens and fairways are 

constantly mowed to maintain short grass and open areas, adults may be able to forage more 

efficiently and expend less energy on golf courses than less maintained areas (Rosenberg et al., 

1987). 

2.5.4.2 Bat roosting boxes 

The literature published on the effectiveness of bat boxes as a conservation tool for bat 

populations is limited and has produced mixed results. In an experiment in Pennsylvania looking 

at the use of bat boxes by maternity colonies of big brown (Eptesicus fuscus) and little brown 

(Myotis lucifugus) bats in residential areas that were excluded from buildings, it was discovered 
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that boxes will be used if designed and placed properly. The bat boxes facing southeast, 

receiving at least 5 hours of direct sunlight per day, with high temperatures (8-10 ℃ ambient), air 

vents cut into the lower portion of the sides to create a vertical temperature gradient internally, 

and a width of at least 76 cm to enable many bats to roost side by side, were preferred 

(Brittingham & Williams, 2000).  

Some research suggests that bat boxes could have a negative effect on the local bat species 

composition. In a study in central Indiana, the non-target species, the northern myotis (Myotis 

septentrionalis), utilized the boxes more than the target species, the threatened Indiana myotis 

(Myotis sodalis), this may have resulted in a competitive advantage of the non-target species 

(Ritzi et al., 2005; Whitaker et al., 2006). Additionally, in a multi-year study on bat box use in 

the urban and peri-urban landscapes of Melbourne, Australia, it was found that only one species 

out of 14 dominated the use of boxes. This suggests that bat boxes in urban and peri-urban 

landscapes may not be useful for conserving species diversity, but can support common 

generalist species (Griffiths et al., 2017). 

In a review of the literature studying bat box use, Rueegger, (2016) concluded that bat boxes 

may not be an effective conservation tool for conserving bat species diversity and do not replace 

natural tree cavities, but do benefit the common urban tolerant species. They explain that more 

research is needed to determine the best box types for different geographical regions and species, 

and that designs require further development. 
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2.5.5 Golf course water bodies 

Waterbird species diversity was found to be high but density was low in golf course ponds 

compared to other human influenced landscapes in southwest Florida in a study by White & 

Main (2005). This suggests golf course ponds have potential to support high abundance and 

diversity of waterbirds but there is a need to increase the value of them. The researchers found 

the extent of pond use by waterbirds is related to pond size, access to prey, and habitat features 

that affect foraging success and safety. They suggest expanding the shallow littoral shelf of water 

bodies, which is the effective feeding area for the most species. They also recommend 

maximizing the structure and density of vegetation adjacent to golf course ponds as this provides 

habitat for birds to hide from and better detect approaching predators. A diversity of habitats 

should be created and managed in and around golf course ponds to benefit as many species as 

possible.  

In the context of turtle abundance and health, Winchell & Gibbs (2016) recommend avoiding the 

removal of emergent shoreline vegetation and promoting vegetative diversity within the wetland. 

They also recommend maintaining a diversity of forests and grasslands in the uplands 

surrounding wetlands. Similarly, Guzy et al. (2013) suggest maximizing the connectivity 

between wetland, forested, and other natural habitats for turtle population persistence on golf 

courses. 

Terrestrial buffer zones of unmown grass as small as 1 m wide may benefit amphibian 

populations on golf courses. In an experiment testing the juvenile preference and larval survival 

of two frog species in golf course ponds with and without buffer zones, Puglis & Boone (2012) 
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found that larval survival was higher for cricket frogs and lower for green frogs in ponds with 

buffer zones. However, they found that juvenile frogs preferred unmown grass over mown grass 

in terrestrial pens. The authors justify that the larval survival rate results are due to the fact that 

green frogs are potentially less sensitive to chemicals than other species and conclude that buffer 

zones are beneficial for more chemically-sensitive species.  

Ephemeral wetlands, also known as vernal pools or seasonal wetlands, are unique in that they 

only hold water for 4-9 months of the year, often in the spring and early summer or after a heavy 

precipitation event. As Jackson et al. (2011) emphasizes, these habitats are crucial for the 

breeding of multiple frog and salamander species of conservation concern due to their lack of 

predatory species. They are also one of the most threatened wetlands globally (Brinson & 

Malvárez, 2002). Most ephemeral wetlands in Ontario are found in shallow depressions in 

forested habitats (Rheinhardt & Hollands, 2007). The primary reason for the importance of 

wetland seasonality is their lack of predatory fish and larger bodied amphibian species such as 

American bullfrogs (Lithobates catesbeianus). Predatory fish eat the larval amphibians and 

bullfrogs outcompete them for resources and carry diseases (Maret et al., 2006). Boone et al. 

(2008) found evidence that ephemeral wetlands on golf courses may provide quality breeding 

habitat for species that depend on them. They reared larval American toads (Bufo americanus), 

southern leopard frogs (Ranus sphenocephala), and spotted salamanders (Ambystoma 

maculatum) with 0 or 5 overwintered bullfrog tadpoles in ponds on golf courses and in 

experimental wetlands. They found the survival to metamorphosis of all three species was 

greater in ponds on golf courses than in experimental wetlands, and the presence of overwintered 
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bullfrogs reduced the survival of all three species reared in golf course ponds. The researchers 

attributed the higher survival rate in golf course ponds to a lower abundance of insect predators.  
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3 Method 

3.1 Purpose of research 

The purpose of this research is to determine how to design and retrofit golf courses for 

biodiversity optimization and ecological value improvement in southern Ontario ecosystems. 

3.2 Research question 

How can design recommendations be synthesized to optimize biodiversity and improve the 

ecological value of golf courses in southern Ontario? 

3.3 Synthesis of ecological advice 

I synthesized ecological advice derived from three primary sources identified in the literature 

review chapter. Gagné et al. (2015)’s guidelines were sorted into five rows in a table, populating 

the first column. Audubon International and Jackson et al.'s (2011) guidance were organized in 

columns in the table by relevance to Gagné et al. 's (2015) guidelines. All the points most 

relevant to a particular step (a row in the table) in Gagné et al. (2015) were included in the cell to 

the right of that point, organized from broad to fine spatial scale. Points were compared to each 

other and to the information found in the literature review, and critiqued. This led to a synthesis 

that integrated the advice from the three primary sources, with revisions that referenced 

additional literature. 

The literature relating to golf courses, biodiversity, species richness, and ecological value was 

thoroughly searched using Web of Science and University of Guelph’s Omni search engine. 
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Each relevant paper was read and the results were summarized in the literature review section. 

New findings and gaps in knowledge found throughout this process were given sections in the 

literature review as well. The literature was searched for information regarding these gaps in 

knowledge to better inform new recommendations. Additionally, the literature was searched for 

information regarding all points in Audubon’s guidelines that were relevant to this study because 

Audubon’s guidelines were not referenced to the literature. Details that pertain particularly to 

southern Ontario were searched for in the literature as well. New recommendations were 

formulated from the comparison, critique and new findings. 

Comparing Gagné et al. (2015), Audubon International (herein: Audubon), and Jackson et al. ‘s 

(2011) design guidelines to the literature on golf course and southern Ontario ecology reveals 

that each set of guidelines can be altered for use in the development of ecological design 

recommendations for golf courses in southern Ontario. The guidelines in the table were split into 

sections based on Gagné et al. ’s (2015) steps, because they are t the broadest spatial scale, and 

sorted based on the following text styles: 

Underlined: related to Gagne et al. (2015)’s point 

Italicized: unique from both other guidelines but relevant to this study 

Grey: point that is irrelevant to this study or should be altered according to the literature 

Bold: New suggestions 

 



56 

 

 

3.3.1 Characterizing the surrounding landscape 

Three points from each Audubon and Jackson et al. (2011)’s guidelines relate to the first step in 

Gagné et al. (2015), and I identified three gaps in the guidelines. Gagné et al. (2015)’s first step 

is relevant to this research but must be broken down into more detailed points at a finer spatial 

scale. Gagné et al. (2015)’s steps are designed to apply to any landscape type of any size, 

resulting in wording that is very vague and general. Since our scale and geographic area are 

known, we are able to include detail about what the altered and unaltered landcovers are, which 

areas have the potential to be naturalized, and which should be prioritized for restoration. 

Audubon’s first two points are at the golf course scale and relevant to this project, however, the 

meaning of the term “management zones” is unclear and the specific areas of the course should 

be mentioned instead. Additionally, the term “ecological region” is too broad of a scale and 

should be changed to the more specific term of “surrounding ecosystem types” because 

ecological regions can contain multiple different types of ecosystems (Crins et al., 2009). The 

third point is the correct scale but is not to be used per se in these recommendations because 

management is not being considered and it will not be golf course staff that will be planning and 

implementing the designs. Rather, goal and priority setting will be integrated into the mapping 

and used by the restoration ecologists and labourers who are hired to do the work. The fourth 

point is strictly about management and will therefore be dismissed. 

Last, Jackson et al. (2011) also includes some relevant and some irrelevant information in this 

first section. Both of their points involve identifying and preserving specific habitat types, which 

is too specific to state in the first section. Identifying and preserving mature forests is important 
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and is included in a later section of the synthesized advice, but the first section will focus on a 

broader perspective. I omitted advice referencing “dense canopies and cool microclimates” 

because this can be assumed with proper forest management and may differ among forest types, 

determined based on the surrounding ecosystems. Identifying and preserving ephemeral wetlands 

is also included in a later section, with the addition of developing new ones. 

Jackson et al. (2011) and Audubon are both missing a golf course scale equivalent point to 

Gagné et al. (2015) ’s first step; identifying areas of altered landcover that can be naturalized. In 

this case, the landcover of the surrounding landscape should be mapped separately than the 

landcover on the golf course because they are equally important. Additionally, it should be 

specified that the landscape composition should be mapped at a buffer of at least 1000 metres 

from the centre of the course because Porter et al. (2005) found this extent to cover all spatial 

scales. Further, neither of the guidelines mention connectivity in the first section, despite it being 

one of the most important factors for biodiversity optimization at the golf course scale. 

Therefore, Gagné et al. (2015)’s first step is split into three recommendations, all of which 

consider Audubon and Jackson et al. (2011)’s guidelines and the gaps among all three. 
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Table 3.1 Design recommendation formulation for step 1: characterizing the surrounding landscape 

Gagné et al. (2015) Audubon International Jackson et al. (2011) Issues Unaccounted For New Recommendations 

1. Select land cover data and 
decide which land cover 
classes constitute unaltered 
or altered land covers. 

- Develop a map of the 
course that highlights 
wildlife habitats, water 
resources, and management 
zones to use for planning 
and project implementation. 

- Identify the dominant 
native plant community and 
ecological region in which 
the golf course is located. 

- Set goals and priorities and 
assign responsibilities to 
staff. 

- Conduct a site assessment 
to evaluate current 
environmental management 
practices and identify 
strengths and liabilities. 

- Identify and preserve 
mature forests with dense 
canopies and cool 
microclimates. 

- Identify and preserve 
ephemeral wetlands which 
are inundated with water for 
4–9 months of the year. 

- Identify surrounding land 
uses and ecosystems and 
where they connect to the 
course 

- Identify altered landcover 
within the course that can 
be naturalized 

- Identify quality of 
existing habitat within 
course and existing 
corridors 

 

- Identify and map 
surrounding land cover 
within 1000 m of course1 and 
their proximities to the 
course – classify these by 
intensity of land alteration 
and ecosystem type2,3 

- Develop a map of the 
course highlighting existing 
habitat patches and potential 
naturalizable areas, 
characterized by plant 
community, management 
practices, and proximity to 
habitat in surrounding 
landscape 

- Identify existing habitat 
corridors and quality of 
habitat within those 
corridors 

1. Porter et al. (2005) 
2. Colding & Folke (2009) 
3. Petrosillo et al. (2019) 
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3.3.2 Identifying constraints to landscape design  

Audobon’s advice did not articulate considerations for constraints at any spatial extent. In the 

identification of land use constraints, I identified one gap in the advice and found only one 

commonality among existing advice. One point from Jackson et al. (2011) directly relates to 

Gagné et al. (2015)’s second step and one does not but is still relevant to this research. In 

addition to the points stated in the two guidelines, it is also important to consider the areas in the 

surroundings that are permanently protected from development, so they can be prioritized for 

connectivity of habitat between the golf course and the surrounding landscape. 
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Table 3.2 Design recommendation formulation for step 2: identifying constraints to landscape design 

 

 

Gagné et al. (2015) Audubon International Jackson et al. (2011) Issues Unaccounted For New Recommendations 
 

2. List the constraints on 
land use planning (e.g., 
economic, social) that exist 
for the landscape; and, 
within the constraints 
identified in Step 2. 

 - Identify any regulated 
wetland and setback 
requirements on site and in 
surrounding area. 

- Consult local Conservation 
Authorities to determine 
specific requirements for 
threatened species. 

- Identify areas in 
surroundings with specific 
constraints that may affect 
future land use change 

 

- Identify constraints on land 
uses in surroundings that 
affect present and future 
land use intensity, for 
example established 
Conservation Areas or 
Provincial Parks 
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3.3.3 Improving landcover composition  

Several points from Audubon and Jackson et al. (2011) relate to Gagné et al. (2015)’s third step 

but require hybridization and alteration for the purpose of this research. Gagné et al. (2015)’s 

third step is again at the landscape scale, which is too broad of a scale for this study, but does 

partly apply to this set of recommendations. For this study, maximizing the total amount of 

habitat is important but maximizing diversity is not because of the small scale of the golf course. 

Maximizing diversity at this scale could result in too small of an area of the most common 

habitat in the region, which could be detrimental for species that require large patches of this 

landcover type for population persistence (Gagné et al. 2015). Larger patches of one habitat type 

and the connectivity between patches is much more important ecologically than habitat diversity 

at this scale (Baldwin et al., 2006; Fahrig, 2003; Guzy et al., 2013). Habitat must be arranged and 

maximized strategically in consideration of on-course habitat connectivity and connectivity to 

habitat in the surrounding landscape.  

Audubon’s guidelines require some clarifications and a significant amount of simplification and 

reorganization because several points are redundant or include specific quantities that are 

unnecessary. For the first point, “50%” does not seem to have any context and is therefore 

irrelevant, and “minimally used portions” is vague. Habitat should be maintained and restored in 

as large of an area as possible, so a percentage may be misinterpreted as all that is required. 

Audubon’s second, fourth and sixth points are redundant and wordy and should be amalgamated. 

Using “80%” as the amount of native species to plant may also be interpreted as all that is 

required, and should be changed to planting strictly native species. Audubon’s two points about 
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leaving dead trees standing and installing nesting boxes can be amalgamated, as these are both 

relating to cavity nesting, and safety of golfers should be considered. Additionally, Audubon’s 

point about maintaining water sources for wildlife and planting native plants within water and 

along shoreline is important but the second part of it contains an unnecessary amount of detail in 

the second part. Jackson et al. (2011)’s second point about avoiding vertical walls around ponds 

and planting vegetation in them is important and will be used but avoiding vertical walls can be 

excluded because expanding littoral shelves and planting shorelines already assumes the removal 

of vertical walls. Lastly, Audubon’s point about restoring degraded habitats and removing 

invasive species are both relevant enough to be separated into two different points.  

In general, Jackson et al. (2011)’s points in this section are heavily specific to amphibians, but 

most agree with Audubon’s points. Specific measurements can be excluded because they apply 

to amphibians alone. Providing floating plant rafts in open water bodies where there is no room 

for plantings around ponds is a good solution as their presence has been shown to improve 

amphibian abundance and species richness (Hodgkison et al., 2007). Although amphibian-

specific, providing ephemeral wetlands is relevant to this research because they are a critically 

threatened habitat, yet a vital breeding resource for many at risk species (Brinson & Malvárez, 

2002; Maret et al., 2006).  

Neither of the guidelines acknowledge assessing forest health or type, or specify how to manage 

a forest. They also do not include mention of preserving grassland habitat, which the literature 

reveals is an important and at risk habitat in southern Ontario (Tallgrass Ontario, 2017), and can 

be established in out-of-play areas that require open airflow or visibility.
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Table 3.3 Design recommendation formulation for step 3: improving landcover composition 

Gagné et al. (2015) Audubon International Jackson et al. (2011) Issues Unaccounted 
For 

New Recommendations 

3. Maximize the total 
amount and diversity of 
unaltered land cover, 
especially near water. 

- Maintain natural wildlife habitat in at least 50% of all 
minimally used portions of the property 

- Maintain or plant varying heights and types of plants, 
from ground cover to shrub and tree layers in habitat 
areas such as woods, desert, or prairie (e.g., leave 
understory in woodlands; maintain grasses and 
herbaceous plants in tall grass areas). 

- Leave dead trees standing when they do not pose a 
safety hazard. 

- Maintain a water source for wildlife with aquatic 
plants and shrubbery or native landscaping along the 
shoreline (i.e., not turfgrass). This could be a pond, 
stream, wetland, or river corridor. On smaller 
properties, this may also include a birdbath or created 
“backyard” pool. 

- Naturalize at least 50% of out-of-play shorelines with 
emergent aquatic and shoreline plants. Give special 
attention to shallow water areas (<2ft. deep) since 
wildlife is most abundant when shallow water includes 
emergent aquatic vegetation. 

- Choose flowers for gardens or container plants that 
will provide nectar for hummingbirds or butterflies. 

- Maximize the amount of native forest cover within 
142–370 m of breeding pools. 

- Avoid vertical walls around aquatic environments; 
plant native emergent vegetation on pond edges. 

- Preserve a network of forested wetlands and upland 
patches within 370 m of breeding pools. Baldwin et 
al. (2006) estimated 25–33% of the core terrestrial 
habitat (370 m radius surrounding breeding pool) is 
sufficient for conservation efforts. 

- Preserve/create aquatic and terrestrial environments 
so that the distance between breeding and upland 
habitats are >370 m apart. 

- Account for predominate winds, solar exposure and 
the influence of edge effects on microclimates by 
designing forested habitats >50 m in width. 

- Provide natural microhabitats consisting of coarse 
woody debris, an undisturbed layer of leaf litter, 
small mammal burrows, and boulders on the forest 
floor. 

- Provide forested areas with horizontal and vertical 
structural diversity, with layers of ground cover, 
understory, grasses, shrubs, and trees. 

- Identify where habitat 
corridors can be created 

- Ensure existing forest 
is healthy and diverse 
and allow to expand 
where possible 

- Incorporate grassland 
habitat where forest 
isn’t possible 

- How to remove 
invasive species 

 

- Identify where small patches of forest, 
wetland and grassland habitat can be 
connected to form corridors within the 
course, accounting for temporal 
provisions of resources and 
microclimate 

- Regenerate and maximize native 
forest cover in out-of-play areas, 
prioritizing dominant forest type of 
local ecoregion and include several 
understory layers4 

- Leave non-hazardous dead trees and 
stumps standing and install bird and 
bat boxes where possible5,6,7 

- Enhance bodies of water by 
maximizing coverage of native 
emergent aquatic and shoreline plants 
and creating/expanding shallow littoral 
shelves or providing floating rafts of 
vegetation8,9 

- Create grassland habitat with native 
grasses and flowers where open airflow 
or views are required or preferred and 
surrounding landscape contains 
grassland habitat10,11 
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- Maintain nesting boxes or other structures, when 
appropriate, to enhance nesting sites for birds or bats. 

- Establish and maintain at least 80% of the landscaped 
trees, shrubs, and flowers, excluding turfgrass, with 
plants that are indigenous to the native plant 
community of the ecological region of the property. 

- Purchase landscape plants from locally-grown 
sources, whenever possible, to support the genetic 
integrity of local native plant communities. 

- Restore degraded habitats, such as eroded slopes, 
compacted soils, polluted water sources, or areas 
overrun with invasive exotic species. 

- Provide a mix of closed canopy and open canopy 
forest around aquatic environments. 

- Floating rafts of emergent plants or created islands 
can be used where there is no opportunity to 
construct shallow littoral zones. 

- If only permanent ponds are provided, create 
shallow areas using weirs which can dry seasonally 
and which are free of predatory fish and bullfrogs. 

- Create shallow littoral shelves in lenthic 
environments with slopes less than 15:1 in aquatic 
environments. 

 

- Preserve and create seasonal 
wetlands, which are inundated with 
water for the first 4-9 months of the 
year in large forest patches12,13 

- Restore polluted and degraded soils 
and water 

- Remove invasive species using BMPs 
and replace with the appropriately 
chosen native species for that 
habitat14,15,16 

4. Ministry of Natural Resources (2011) 
5. Robles et al. (2011) 
6. Miller (2010) 
7. Brittingham & Williams (2000) 
8. White & Main (2005) 
9. Winchell & Gibbs (2016) 
10. Johnson & Igl (2001) 
11. Bollinger & Gavin (2004) 
12. Rheinhardt & Hollands (2007) 
13. Boone et al. (2008) 
14. Canadian Food Inspection Agency (2008) 
15. Forister et al. (2015) 
16. Narango et al. (2017) 
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3.3.4 Minimizing human disturbance to wildlife  

One point from Jackson et al. (2011)’s guidelines and several points from Audubon’s guidelines 

relate to Gagné et al. (2015)’s fourth step, and only one gap in the research was determined. 

Gagné et al. (2015)’s fourth step is applicable to this research but again requires more detail to 

apply to the golf course scale.  

The meaning of Audubon’s point about completing mitigation projects required by permit is 

unclear and will be removed. “Protect wildlife habitats, and any endangered or threatened 

wildlife or plant species, from disturbance by golfers and maintenance activities” is important 

but vague, as there is no suggestion for how this task can be accomplished. That point, along 

with “Use buffers, mounted signs, fencing, or designated “environmentally-sensitive zones”….” 

and “Avoid disturbing known bird nests or den sites until after young have dispersed…..” are 

redundant and can therefore be amalgamated into one point. Audubon’s point stating “clean up 

trash” is relevant but should be changed from a management recommendation to a design 

recommendation for the purpose of this research. Audubon’s point “Confine roads, cart paths, 

trails, and necessary vegetation removal to the edges of existing habitats….” is an excellent and 

relevant recommendation and will be included in these recommendations. Audubon’s last point 

about maintaining mowing heights for minimal maintenance is a management issue that is not 

relevant for this study.  

Jackson’s point is similar to Audubon’s “Confine roads, cart paths, trails, and necessary 

vegetation removal to the edges of existing habitats….” but uses wording that indicates 

implementing changes at a landscape level spatial scale, such as “density of roads and amount of 
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agricultural fields.” This would be beyond the control of the golf course architect and will 

therefore be changed to the wording used by Audubon. Additionally, minimizing “steep banks” 

is a very amphibian specific recommendation and does not have a strong literature presence to 

back it up. The gap in the research I identified is an adaptation of Audubon’s point about 

cleaning up trash from a management to a design recommendation of preventing littering by 

providing trash bins in specific areas is not mentioned in any of the guidelines and is a way to 

use design rather than management for preventing litter.
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Table 3.4 Design recommendation formulation for step 4: minimizing human disturbance to wildlife 

Gagné et al. 
(2015) 

Audubon International Jackson et al. (2011) Unaccounted For New Recommendations 

4. Minimize human 
disturbance within 
altered land cover, 
especially near 
water. 

- Complete any mitigation projects 
required by permit. 

- Protect wildlife habitats, and any 
endangered or threatened wildlife or plant 
species, from disturbance by golfers and 
maintenance activities. 

- Use buffers, mounted signs, fencing, or 
designated “environmentally-sensitive 
zones” (per USGA rules) as needed. 

- Avoid disturbing known bird nests or den 
sites until after young have dispersed. 
Stake or flag such areas when needed (e.g., 
rope killdeer nests; avoid removing shrubs 
or trees during bird nesting season if nests 
are present; do not mow fields until after 
bird nesting season). 

- Clean up trash from habitat areas when 
necessary. 

- Confine roads, cart paths, trails, and 
necessary vegetation removal to the edges 
of existing habitats to minimize habitat 
disturbance and fragmentation. 

- Minimize the density of 
roads and amount of 
agricultural fields, open 
pasture, and steep banks 
within the landscape 
between habitats. 

 

- Provide trash bins at 
locations most likely to 
be used and prevent 
littering 

- Prevent disturbance of 
threatened species, bird 
nests or den sites by using 
signs, buffers, or fencing, 
especially during breeding 
season; April to July 

- Provide a black trash bin, 
blue recycling bin, and green 
compost bin at beginning of 
every hole and entrance to 
every building to prevent 
littering17,18 

- Confine and minimize 
roads, cart paths, trails, and 
necessary vegetation 
removal to the edges of 
existing habitats to reduce 
fragmentation and 
disturbance 
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- Maintain green, tee, and fairway mowing 
heights at levels that can be reasonably 
maintained on a day-to-day basis without 
continually stressing turf or maximizing 
chemical inputs. 

 

17. Leeabai et al. (2021) 
18. National Visible Litter Survey and Cost Study (2009) 
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3.3.5 Maximizing connectivity of habitat  

One point within Audubon’s guidelines and two points within Jackson et al. (2011)’s guidelines 

directly relate to Gagné et al. (2015)’s fifth step. I identified one important gap in knowledge. 

For the scale of interest to this research, the wording of Gagné’s point should be changed from 

“aggregate” to “minimize,” because at the golf course scale, minimizing is much more 

reasonable due to the permanent nature of the altered landcovers (fairways, tee boxes, buildings, 

etc). More focus will be placed on the connectivity between habitat patches. As a result, creating 

habitat buffers around water bodies works better than “especially away from water” in the 

context of this research, as buffers have been shown to reduce disturbances and pollution in 

water bodies on golf courses (Schmitt et al., 1999). Audubon’s point is relevant to this study but 

requires condensing to form more succinct advice. Jackson’s points are relevant and will be used 

in the current recommendations but require some slight changes to tailor the advice to the topic 

of this study. First, providing a minimum corridor width is not necessary when addressing habitat 

more inclusively than just to amphibians, as any width that results from habitat expansion is 

better than what was there before. Similarly, there is no need to provide a maximum 

measurement for buffer width around water bodies because the wider it is, the better. Neither of 

the guidelines acknowledge what should be planted in the buffers around water bodies, which is 

a good opportunity to remind the landscape architect to plant a wide diversity of native species.
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Table 3.5 Design recommendation formulation for step 5: maximizing connectivity of habitat 

Gagné et al. (2015) Audubon International Jackson et al. (2011) Unaccounted For New Recommendations 

5. Aggregate altered land 
covers associated with high-
intensity land uses, 
especially away from water. 

- Connect small and large 
natural areas as much as 
possible to improve wildlife 
movement throughout the 
golf course and from the 
course to neighboring 
natural areas. For instance, 
connect woods, meadows, 
stream corridors, and ponds 
with corridors of natural 
vegetation. 

- Provide vegetated corridors 
at least 50 m in width to 
connect aquatic and 
terrestrial habitats within the 
course layout as well as to 
those in the surrounding 
landscape. 

- Provide vegetated buffers 
at least 7.5–15 m in width to 
protect against chemical 
runoff. 

- Vegetate buffers with a 
diversity of native plant 
species 

- Maximize connectivity of a 
diversity of terrestrial and 
aquatic habitats within the 
course as well as to habitat 
patches in the surrounding 
landscape19,20 

- Create vegetated buffers 
planted with a maximized 
diversity of native plants 
greater than 7.5 m in width 
around all bodies of 
water21,22 

 

19. Guzy et al. (2013) 
20. Baldwin et al. (2006) 
21. Schmitt et al. (1999) 
22. Smith et al. (2008) 
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3.4 Application of synthesized advice 

These recommendations are general enough to be applied to any type of golf course in southern 

Ontario. They are designed to be applied to the landscape within the course while considering 

surrounding land use composition and configuration, and limitations due to the technical rules 

and requirements of the game. They are written in somewhat of a consecutive order and may be 

followed step by step if preferred, however they are not numbered to allow for some flexibility 

of use by the landscape or golf course architect.  

Though it would be best if every out-of-play area could be extensively naturalized, it is 

acknowledged that the landscape architect is limited by financial, aesthetic, and technical factors. 

Therefore, prioritization levels are integrated into the recommendations. The landscape architect 

should attempt to naturalize as much of the course as possible, while prioritizing connectivity of 

habitat within the course and to the surrounding landscape. The landscape architect should use 

their discretion when naturalizing likely landing zones or zones of necessary visibility or air 

flow. Consulting an ecologist or ecosystem restoration expert is advised. 

The following figures provide a visual example for how the developed recommendations can be 

applied to a golf course, using Toronto Golf Club’s Watson and Colt courses as an example. The 

Toronto Golf Club is located in the city of Mississauga, which is part of the Greater Toronto 

Area, the largest city in Canada. It spans a large portion of the northwest shore of Lake Ontario 

(Figure 3.1). These courses are within the urban landscape which dominantly consists of high 

intensity urban and residential land uses, with some small patches of natural habitat (mostly 

rivers, ravines, parks, and wetlands). It is located on the southern border of the Credit Valley 
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Conservation Authority and the Toronto and Region Conservation Authority, within ecodistrict 

7E-4, and the Region of Peel (Figure 1.1).  

Ecodistrict 7E-4 (Toronto Ecodistrict) is part of the Eastern Temperate Deciduous Forest 

Vegetation Zone (Baldwin et al. 2018). Approximately 7% of the ecodistrict supports relatively 

natural cover and 52% has been converted to settlement and associated infrastructure, the highest 

proportion of any ecodistrict in Ontario (Wester et al., 2018). Deciduous forest, primarily 

consisting of American beech and sugar maple, occur along rivers and as remnant patches. 

Northern red oak and white oak often occur on dry sites and American basswood, red maple, 

trembling aspen, white ash, eastern hop-hornbeam, balsam poplar, large-toothed aspen, paper 

birch, yellow birch, black cherry, and butternut in fresh soil. Bitternut hickory, black maple, 

shagbark hickory, eastern cottonwood, sycamore, black walnut may also be found in low 

quantities. Green ash, silver maple, black ash, American elm, and bur oak are found in moist soil 

conditions.  Mixed and coniferous forests may include eastern hemlock on cool and humid 

slopes and eastern white pine on drier sites. Eastern white cedar with balsam fir and American 

larch can be found on wet conditions. Marshes occur along the lake shore and larger river 

systems in calm areas and in small depressions on the Trafalgar Moraine (OMNR 2014a). 

Grassland ecosystems are very rare and occur in small remnant patches. Plant species growing in 

these ecosystems include big bluestem, little bluestem, sundial lupine, and New Jersey tea 

(Goodban 1999; Varga 1989).  

The Toronto Golf Club is the third oldest golf club in Canada, established in 1876. The Colt 

course was finished construction and ready for play at its current location in 1912, and the 
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Watson course was finished in 1921. The courses were designed by English golf architect H.S. 

Colt who was brought from England to design them. The golf club has been ACSP certified 

since 2008 and utilizes Integrated Pest Management practices (Toronto Golf Club, 2022). The 

website also states that the greens staff utilize “environmentally responsible management 

procedures” and displays a section of photos of wildlife encounters within the course. However, 

an examination of satellite imagery of the course reveals several areas where forest habitat can 

be expanded. Figure 3.1 shows the existing landcover conditions of the Toronto Golf Club. 

Figure 3.1 The geographic location of the Toronto Golf Club. 
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3.5 Justification of recommendations 

Seventeen ecological design recommendations for golf courses in southern Ontario were 

formulated, and are as follows: 

- Identify and map surrounding land cover within 1000 m of course and their proximities to the 

course – classify these by intensity of land alteration and ecosystem type 

The amount and connectivity of habitat in a buffer of up to 1000 metres in the surrounding 

landscape may have a stronger influence on a golf course’s biodiversity than the amount and 

connectivity of habitat within the golf course (Hudson & Bird, 2009; Jones et al., 2005; LeClerc 

& Cristol, 2005; Petrosillo et al., 2019; Porter et al., 2005). Taking the time to identify the land 

cover types surrounding a golf course before beginning to create a design plan is essential for 

successful ecological design, especially if financial resources are limited and priorities must be 

set.  

Connecting habitat patches on golf courses to habitat patches in the surrounding landscape will 

allow those habitat patches to be more effective in maintaining populations of species (Colding, 

2007). The closer the proximity of a naturalization zone to adjacent habitat in the surrounding 

landscape, the higher prioritization should be placed on that zone for naturalization. The higher 

the quality the adjacent habitat is, the higher it should be prioritized for connectivity within the 

course. Identifying the dominant ecosystem type of the habitat patches in the surrounding 

landscape is important for planning which type of habitat should be dominantly restored within 

the golf course. For example, if the habitat patches in the surrounding landscape are mostly 
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deciduous forest, deciduous forest should be prioritized within the course. Increasing the area of 

the naturally occurring habitat type is important for maintaining the populations of species that 

are already present in the local landscape and is likely to be easier and more successful because 

the soil and weather conditions of the area already support this vegetation and these species. 

Consulting with a professional ecologist may be necessary in this step to ensure habitat types are 

correctly classified. 

- Develop a map of the course highlighting existing habitat patches and potential naturalizable 

areas, characterized by plant community, management practices, and proximity to habitat in 

surrounding landscape 

After mapping the surrounding landcovers, the existing conditions of the golf course must be 

mapped as well. The first step is to identify the existing in-play areas and their required 

dimensions. Next, the existing habitat patches and out-of-play areas should be identified and 

evaluated based on habitat quality. Then, all areas where the intensity of the restoration is limited 

because of technical or visual constraints should be identified and mapped. Last, areas where 

high intensity restoration can take place without affecting the game should be identified and 

mapped. Different land cover priorities and habitat characteristics should be considered during 

this step, including habitat types. 

Consulting with a professional ecologist may be necessary in this step to ensure habitat types are 

correctly classified. 

- Identify existing habitat corridors and quality of habitat within those corridors 
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At the golf course scale, habitat connectivity is the most important factor for biodiversity 

optimization because it facilitates the movement and population persistence of species (Dale, 

2018; Fahrig, 2003; Saunders et al., 1991; Thornton et al., 2011). The habitat quality of a 

corridor should be a determining factor for placing prioritization on the restoration of that 

corridor. For example, if there are two corridors on opposite sides of a fairway running parallel 

to each other, but one is very patchy and has no understory, and one is more connected with 

some understory, the patchier one should be restored first. 

- Identify constraints on land uses in surroundings that affect land use intensity 

Intensity of human alteration in the surrounding landscape may be limited by ecosystem type or 

land use regulations. Identifying these land use constraints will provide an indication for how the 

surrounding landscape may change over time, which may help determine where habitat 

restoration should be prioritized within the golf course. A map identifying where development is 

likely to take place in the future, where it is restricted, and where it is illegal should be developed 

to help inform habitat connectivity between the golf course and the surrounding landscape. The 

Land Use Plan or Official Plan of the local municipality may need to be consulted 

- Identify where small patches of forest, wetland and grassland habitat can be connected to form 

corridors within the course, accounting for temporal provisions of resources and microclimate 

Herptiles (amphibians and reptiles) are facing major populations declines in Ontario and 

globally. More than half of herptile species in Ontario are considered at risk (Government of 

Ontario 2018). These taxonomic groups do not require as large of habitat patches as most other 
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species but do require the connectivity of a variety of habitats including wetland, forest and 

grassland for their life sustaining activities (Baldwin et al., 2006). In areas on golf courses where 

large patches of a single habitat type are not feasible, corridors consisting of a diverse array of 

habitats can be implemented instead. Native plant diversity should be maximized to ensure year-

round provisions of food and shelter. Habitats should consist of open canopy and closed canopy 

forest, permanent and ephemeral wetlands, as well as grassland and shrubby savannah (Jackson 

et al., 2011). A network of corridors of habitat diversity connecting every out of play area of the 

golf course can support stable and sustainable populations of herptiles and other groups of fauna 

as well.  

Temporal provisions of resources refers to the time of year that food, water and shelter sources 

will be available. Planting species together that will bloom, produce fruit, or leaf out at various 

times of the year will ensure there are resources available all year in all areas. For example, 

planting New England Aster (Aster novae-angliae) with Wild Bergamot (Monarda fistulosa) is 

beneficial for providing pollen for pollinators from mid-summer to fall because Wild Bergamot 

blooms in mid-summer and New England Aster blooms in late summer and fall. Microclimate 

refers to climate at a very small scale, which changes temporally with the change in the structure 

of plants through the seasons. The higher the diversity of native plants planted, the more 

resources and microclimate will change temporally. 

Consulting with a professional ecologist may be necessary in this step to ensure habitat types are 

correctly designed and constructed. 
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- Regenerate and maximize native forest cover, prioritizing dominant forest type of local 

ecoregion 

Allowing existing forest to expand to all out-of-play areas possible is the most important priority 

for optimizing biodiversity in southern Ontario, because southern Ontario’s natural dominant 

landscape is forest (Ministry of Natural Resources, 2011). This expansion should be prioritized 

in areas that would connect the forest habitat to other native terrestrial and aquatic habitats on 

and off the course. Second, the growth and planting of hard mast producing trees such as Red 

Oak (Quercus rubrum), White Oak (Quercus alba), American Beech (Fagus grandifolia), 

Hickories (Carya sp.), Hazelnuts (Corylus sp.), other oak species, Butternut (Juglans cinera), 

Black Walnut (Juglans nigra), and Ironwood (Ostrya virginiana) within the forest patches 

should be a focus in deciduous forest-dominated or urban landscapes, because of the high quality 

food source these trees provide to a diversity of species (Rodewald, 2003; Rodewald & Abrams, 

2002). Black Cherry (Prunus serotina), Elderberry (Sambucus sp.), and Raspberry (Rubus sp.) 

should be planted in the understory and some canopy gaps should be maintained for good 

growing conditions, as these are good alternate food sources late in the breeding season and 

during migration when insect numbers are lower (Ministry of Natural Resources, 2011). 

If an area is left undisturbed in southern Ontario for an extended period of time, natural 

succession will take place and the naturally occurring forest habitat will eventually form, as long 

as invasive species are properly managed. However, because of the length of time it takes to 

become a forest and the occurrence of invasive and exotic species, planting of tree saplings and 

consistent forest health monitoring are required until maturity (Ministry of Natural Resources, 
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2011). The Urban Forest Management Plan by the local municipality, or the steps found in A 

land manager’s guide to conserving habitat for forest birds in Southern Ontario by the Ministry 

of Natural Resources should be followed. 

- Leave non-hazardous dead trees and stumps standing and install bird and bat boxes where 

possible 

Tree cavities are a critical and limiting resource, providing nesting and roosting shelter for many 

species (Cockle et al., 2010; Miller, 2010; Robles et al., 2011). All cavity trees and snags on a 

golf course should be left, provided they do not pose a safety risk to golfers. Larger cavities, 

cavities in larger trees, and cavities in the upper bole of trees which produce multiple wildlife 

benefits, should be given preference (Ministry of Natural Resources, 2011). Figure 4.3 shows a 

good quality cavity nesting tree in a mature deciduous forest adjacent to the Cutten Fields Golf 

Course in Guelph, Ontario. In addition to natural cavities, artificial nesting and roosting boxes 

should be installed on golf courses.  

Nest boxes designed for bird species that can tolerate a moderate level of disturbance and prefer 

open edge habitats should be placed along the boundaries between play and out-of-play areas on 

stakes or trees. Some examples of species that could do well in this context are Eastern Bluebirds 

(Sialis sialis), Tree Swallows (Tachycineta bicolor), Purple Martins (Progne subis), and House 

Wrens (Troglodytes aedon) (Cornell et al., 2011). If large forest patches exist within the golf 

course, nest boxes designed for forest specialists should be mounted on trees within the forest. 

Some examples of species that could be successful in this context are Great-crested Flycatchers 

(Myiarchus crinitus), Downy Woodpeckers (Picoides pubescens), Hairy Woodpeckers 
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(Leuconotopicus villosus), Wood Ducks (Aix sponsa) and White-breasted Nuthatches (Sitta 

carolinensis). Several mammal species may also benefit from the occurrence of nest boxes.  

Further, several species of birds, such as the Barn Swallow (Hirundo rustica), rely almost 

exclusively on human-made structures for nest building (Brown and Brown, 1999). Therefore, 

shelter for bird nesting in building construction and retrofitting such as widening roof ledges and 

windowsills should be considered as well. 

- Enhance bodies of water by maximizing coverage of native emergent aquatic and shoreline 

plants and creating/expanding shallow littoral shelves or providing floating rafts of vegetation 

The higher the coverage and diversity of native vegetation in bodies of water, the higher 

diversity of native species they can support and sustain during migration and breeding, and the 

more chemicals can be removed from the water (Rankins et al., 2001; Smith et al., 2008). The 

most important area of habitat within water bodies is the shallow littoral shelf (Jackson et al., 

2011; Mallin et al., 2002; White & Main, 2005). Therefore, the shallow littoral shelf should be 

expanded from within the pond and planted with emergent aquatic vegetation. Areas of likely 

landing zones should be identified and kept neater for ease of retrieving balls by golfers. The 

amount and diversity of aquatic vegetation planted should be maximized, and where vegetation 

cannot be planted, floating rafts should be installed within the open water for habitat and shade. 

Including native plants that produce aesthetically pleasing, showy, and bright flowers and 

planting in such a way that these flowers are visible in attractive patterns from the in-play areas 

may be pleasing to golfers and influence them to prefer a more naturalized design. The largest 
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pond that receives the most runoff should be reshaped in such a way that the amount of time the 

water spends moving through the pond is maximized (Mallin et al., 2002). 

- Create grassland habitat with native grasses and flowers where open airflow and views are 

required, and surrounding landscape contains grassland habitat 

Grassland habitat area has been significantly reduced and many species that rely on it are 

experiencing major population declines in Ontario (Tallgrass Ontario, 2017). Low intensity 

naturalization areas of golf courses, where open space is required for visual or technical reasons, 

may be limited to herbaceous plants that only grow to a certain height. Nest predation and 

parasitism of grassland birds may be lower in urban landscapes than rural landscapes (Buxton & 

Benson, 2015). However, grassland species may require larger areas of grassland habitat than a 

golf course can offer, so connectivity to grassland in the surrounding landscape should be 

considered (Bollinger & Gavin, 2004; Johnson & Igl, 2001). Creating grassland habitat on golf 

courses should be prioritized in urban landscapes where nest predation and parasitism are lower, 

and in golf courses surrounded by a matrix of grassland, pasture, and old fields where patches 

can connect to create larger patches and reduce edge effects. 

- Preserve and create seasonal wetlands where possible, especially in forest patches 

Seasonal, or ephemeral, wetlands are one of the most threatened habitats in the world, and 

several species of amphibians rely solely on them for breeding (Baldwin et al., 2006; Brinson & 

Malvárez, 2002). In Ontario, most ephemeral wetlands are located in forested areas (Rheinhardt 

& Hollands, 2007). Weirs can be used to create artificial ephemeral wetlands by holding water 
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for the first 4-9 months of the year and draining it for the rest of the year. If there is a pond 

located in a forested or other natural area adjacent to a forest, it may be transitioned from a 

permanent to an ephemeral wetland using weirs. Alternatively, a new ephemeral wetland could 

be created using weirs or sub-surface drainage can be designed to allow some ephemeral ponding 

to occur in out-of-play areas. 

- Restore polluted and degraded soils and water 

Polluted and degraded soil and water can be unlivable for some species. Because of the 

chemicals applied and turf maintenance performed on golf courses, they are likely to contain 

areas of soil erosion and pollution, and water pollution that goes unnoticed. Restoring polluted 

and degraded areas of the course, and maintaining the health of these areas, will make the habitat 

restoration more effective for optimizing biodiversity. 

- Remove invasive species using BMPs and replace with the appropriately chosen native ones for 

that habitat 

Invasive plants negatively impact native biodiversity in several ways (Canadian Food Inspection 

Agency, 2008), and golf courses often contain them (Nooten et al., 2018). All invasive plant 

species should be removed from every part of the golf course area. Native plant species should 

be used anywhere planting is taking place. Anywhere a certain ecosystem is being restored, the 

species naturally found in that habitat should be used. 

- Prevent disturbance of threatened species, bird nests or den sites by using signs, buffers, or 

fencing 
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Nesting and denning sites are often chosen by wildlife in early spring, before golfers begin 

playing. This may result in them choosing sites of high golfing activity and may therefore require 

assistance from golf course managers to prevent human disturbance and successful breeding. 

Any nests or dens found on in-play areas should be protected from golfing activities as 

thoroughly as possible using signs, buffers, or fencing, or a combination of the three. Temporary 

re-routing of play should also be considered if it is possible. 

- Provide a black trash bin, blue recycling bin, and green compost bin at the tee box area of 

every hole and entrance to every building to prevent littering 

Recreation areas are one of the most common sources of terrestrial litter, and effective placement 

of waste bins can significantly reduce the occurrence of litter. The colour and location of waste 

bins are very important for their effectiveness of receiving waste from the public (Leeabai et al., 

2021; Schloss et al., 2018). Transition zones from one activity to another are where most waste is 

produced. In Ontario, landfill waste is represented by a black bin, recyclable waste by a blue bin, 

and compostable waste by a green bin. Golf course transition zones, where people are mostly 

likely to be producing waste such as snack packaging or beverage containers, include the tee 

areas where a new hole begins, and the building entrances. These transitions zones should be 

prioritized for waste bin placement. 

- Confine and minimize roads, cart paths, trails, and necessary vegetation removal to the edges 

of existing habitats to reduce fragmentation and disturbance 
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Fragmentation and disturbance by human presence and vehicle movement can affect wildlife’s 

ability to travel, forage and communicate. A cart path placed along the border between a forested 

area and an in-play area is less likely to have wildlife crossing it than a cart path running directly 

through a patch of forest. Likewise, a cart path placed at least 7.5 m from a body of water is less 

likely to encounter travelling wildlife than one placed 1 m from a body of water (Jackson et al. 

2015). Repositioning cart paths further from habitat zones and from the border of in-play and 

habitat zones should be done to reduce human and wildlife encounters that could cause harm to 

wildlife. On heavily wildlife travelled areas, the construction of underpasses and overpasses can 

also be considered to maintain connectivity where cart paths cannot be rerouted. 

- Maximize connectivity of a diversity of terrestrial and aquatic habitats within the course as 

well as to habitat patches in the surrounding landscape 

Landscapes dominated by human altered land uses often contain only small, scattered remnant 

patches of habitat. The smaller and more isolated a habitat patch is, the less diversity and lower 

populations of species it can support (Dale, 2018; Fahrig, 2003; Saunders et al., 1991; Thornton 

et al., 2011). Therefore, habitat patches in fragmented landscapes require connectivity to 

facilitate the movement and to better support populations of more species. This is especially true 

at the golf course scale, where habitat restoration is limited to out-of-play areas. Habitat patches 

within the golf courses, as well as to habitat in the surrounding landscape should be connected as 

much as possible. 

- Create vegetated buffers planted with a maximized diversity of native plants greater than 7.5 m 

in width around all bodies of water 
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Pesticides and fertilizers used to maintain aesthetic appeal and playability on golf course turf can 

move into the surface waters during rain events, harming aquatic ecosystems (Baker et al., 2008; 

Metcalfe et al., 2008). Terrestrial buffers at least 7.5 metres wide, or as wide as possible, made 

up of deeply-rooted unmown native grasses and flowers where no chemicals are applied can 

reduce the volume of chemicals entering the water (Schmitt et al., 1999). Buffers should be 

established around all bodies of water on the course. If necessary, likely landing zones can be 

maintained shorter for golfer’s convenience. A high diversity of native species should be planted 

within them, prioritizing species such as Blue Flag Iris (Iris versicolor), Eastern Gama Grass 

(Tripsacum dactyloides), Big Bluestem (Andropogon gerardii), Prairie Cord Grass (Spartina 

pectinata) and Perennial Rye (Lolium perenne) (Rankins et al., 2001; Smith et al., 2008). Some 

colourful flowers for attractiveness should be added in for aesthetics too, some examples include 

Cardinal Flower (Lobelia cardinalis), Common Arrowhead (Sagittaria latifolia) and Blue 

Vervain (Verbena hastata). For a full list of Ontario native plants for all habitat types see 

(Ontario Wildflowers). 

3.6 Evaluation of recommendation application 

These recommendations range in their clarity and ease of application. As I applied them to the 

demonstration, each was classified as very easy, somewhat easy, or difficult to apply to 

retrofitting an existing golf course. These classifications were decided based on several factors 

including cost, length of time to completion, and ecological knowledge requirement. Italics is 

classified as very easy, underlined as somewhat easy, and bold as difficult. 
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- Identify and map surrounding land cover within 1000 m of course and their proximities to 

the course – classify these by intensity of land alteration and ecosystem type 

- Develop a map of the course highlighting existing habitat patches and potential naturalizable 

areas, characterized by plant community, management practices, and proximity to habitat in 

surrounding landscape 

- Identify existing habitat corridors and quality of habitat within those corridors 

- Identify constraints on land uses in surroundings that affect land use intensity 

- Within the golf course, identify any setback and regulated wetland requirements of local 

Conservation Authority, local Official Plans, Provincial Policy Statement, and Land Use Plans 

- Identify where small patches of forest, wetland and grassland habitat can be connected to form 

corridors within the course, accounting for temporal provisions of resources and microclimate 

- Regenerate and maximize native forest cover, prioritizing dominant forest type of local 

ecoregion 

- Leave non-hazardous dead trees and stumps standing and install bird and bat boxes where 

possible 

- Enhance bodies of water by maximizing coverage of native emergent aquatic and shoreline 

plants and creating/expanding shallow littoral shelves or providing floating rafts of vegetation 
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- Create grassland habitat with native grasses and flowers where open airflow and views are 

required, and surrounding landscape contains grassland habitat 

- Preserve and create seasonal wetlands where possible, especially in forest patches 

- Restore polluted and degraded soils and water 

- Remove invasive species using BMPs and replace with the appropriately chosen native ones for 

that habitat 

- Prevent disturbance of threatened species, bird nests or den sites by using signs, buffers, or 

fencing 

- Provide a black trash bin, blue recycling bin, and green compost bin at the tee box area of 

every hole and entrance to every building to prevent littering 

- Confine and minimize roads, cart paths, trails, and necessary vegetation removal to the edges 

of existing habitats to reduce fragmentation and disturbance 

- Maximize connectivity of a diversity of terrestrial and aquatic habitats within the course as 

well as to habitat patches in the surrounding landscape 

- Create vegetated buffers planted with a maximized diversity of native plants greater than 7.5 m 

in width around all bodies of water 

Most of the recommendations have been classified as somewhat easy to apply, and the least are 

classified as difficult to apply.  
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4 Results 

4.1 Ecological design recommendations for golf courses in southern Ontario 

The seventeen ecological design recommendations and their application are described as follows: 

- Identify and map surrounding land cover within 1000 m of course and their proximities to the 

course – classify these by intensity of land alteration and ecosystem type 

Figure 4.10 demonstrates the application of this advice by classifying four different land cover 

types in the surrounding landscape by its land use intensity around the Watson and Colt courses. 

At this scale, a broad level of detail is all that is required because the advice is primarily for the 

purpose of connecting habitat within the golf course to the highest quality habitat and through 

the lowest land use intensity in the surrounding landscape. The ecosystem types are also 

classified; however, this might require a visit by a terrestrial ecologist because it cannot be done 

thoroughly through satellite imagery alone. What can be inferred, however, is that deciduous 

forest is the dominant ecosystem type in the surrounding landscape, with some grassland/wetland 

habitat patches as well. 

The northeast edge of the golf course is bordered by dense natural land cover type (deciduous 

forest and a river corridor), and the southwest edge is bordered by the open green space of 

another golf course. The southeast edge is bordered directly by a small matrix of residential area 

which is bordered by a lakeshore park called Dixie Park. Dixie Park is the closest area to the golf 

course that is classified as a Natural Area by Region of Peel and protected by the Credit Valley 
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Conservation Authority. It consists of a variety of habitats, with the highest proportions being 

Exotic Forb Old Field Meadow, Fresh-Moist Oak - Beech Deciduous Forest, Exotic Cultural 

Savannah, and Fresh-Moist Willow Lowland Deciduous Forest. The exotic meadow and savanna 

are a result of a history of disturbance by farming of the land, but the forests are native (Region 

of Peel, 2011).  

The northeast edge is residential land use, which although can be considered low intensity for an 

urban area, is the highest intensity land use directly adjacent to the course. The identification of 

the land cover types adjacent to the course, as well as the habitat corridors that occur in the 

surrounding landscape will inform the corridor prioritization levels within the course. The 

information from the County and Conservation Authority, along with an analysis of the forest 

along the river corridor, can inform what forest types should be planted within the course and 

where habitat corridors should be prioritized. 

- Develop a map of the course highlighting existing habitat patches and potential naturalizable 

areas, characterized by plant community, management practices, and proximity to habitat in 

surrounding landscape 

Figure 4.11 provides an example of this on the Watson and Colt courses, which have one 

wetland habitat and many patches of deciduous forest habitat. The areas where naturalization 

opportunity is limited due to technical reasons are highlighted and the out-of-play area remaining 

is all available for substantial naturalization. This would be done in more detail by visiting the 

site and examining the vertical vegetation layers.  
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- Identify existing habitat corridors and quality of habitat within those corridors 

Although the presence of a corridor is better than no corridor, the quality of the habitat and 

number of gaps in the corridor is important for deciding on prioritization levels. For example, a 

few clumps of trees spread linearly along a fairway with a large forest patch on either end could 

be considered a habitat corridor but is a low quality one and the gaps between the clumps would 

ideally be filled with layered native vegetation. This task is prioritized over widening a corridor 

that is thinner, but more cohesive, and filling in a corridor that does not connect large habitat 

patches. Figure 4.1 (a) is an example of an existing low quality, patchy coniferous tree corridor 

on the Cutten Fields Golf Course in Guelph, Ontario. Figure 4.1 (b) is a synthesized visual 

representation of what it would look like with the patches connected by planting a diversity of 

native deciduous and coniferous trees and shrubs. The existing corridor is low quality for three 

reasons: it is not cohesively connected, it only contains one layer of vegetation, and the tree 

species are not native.  

Figure 4.1 (a) A patchy, low biodiversity tree corridor in the Cutten Fields Golf Course of Guelph, 
Ontario; (b) A representation of that same corridor improved with the planting of a variety of 
native deciduous and coniferous trees and shrubs. 

(a) (b) 
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- Identify constraints on land uses in surroundings that affect present and future land use 

intensity, for example established Conservation Areas or Provincial Parks 

The greenspaces around the Watson and Colt courses are a mix of established city parks and 

lands associated with natural and human hazards. Three of these greenspaces are unlikely to be 

developed in the foreseeable future. First, the aforementioned Dixie Park is protected from 

development by the Toronto Region Conservation Authority and Credit Valley Conservation 

(Region of Peel, 2011). Second, the entire width of the forest corridor along the river is a 

floodplain, which restricts development from taking place there in the future (Toronto and 

Region Conservation Authority, 2022). Third, the linear open greenspace that runs parallel to the 

southwest edge of the course is a hydro corridor, which cannot be developed and is unlikely to be 

changed. These constraints helped inform where to prioritize habitat corridors within the course. 

- Identify where small patches of forest, wetland and grassland habitat can be connected to form 

corridors within the course, accounting for temporal provisions of resources and microclimate 

The land surrounding the pond in the Watson Golf Course was classified as high priority for 

restoration of forest first because of the improvement of water quality and second because as it is 

in relatively close proximity to a large patch of land to the southeast that is limited for restoration 

because it surrounds tee boxes. This limited land is selected to be restored to native grassland, 

completing a mosaic of permanent wetland, forest, and grassland. Though further away, the 

forest also creates a corridor between the permanent wetland and the ephemeral wetland. The 

schematic section elevation in figure 4.18 shows how a patch of trees and a pond can be restored 

and connected using these recommendations.  
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- Regenerate and maximize native forest cover in out-of-play areas, prioritizing dominant forest 

type of local ecoregion and include several understory layers 

Forest cover is strongly emphasized in the habitat restoration plan for the Watson and Colt 

courses because of the dominance of it along the river corridor and natural history of its 

dominance in the ecoregion (Figure 4.14). The precise forest type is not determined here because 

the forest type along the river corridor is unknown and should be the one that is the most 

important determinant for making this decision because it is the least modified habitat in the area 

due to its hazardous location. However, it is acknowledged that Dixie Park contains two forest 

the ELC-classified forest types Fresh-Moist Oak - Beech Deciduous Forest and Fresh-Moist 

Willow Lowland Deciduous Forest. If the soil conditions on the course are suitable for forests of 

this type, they can be prioritized in the restoration. Figure 4.2 shows a patch of trees with no 

understory adjacent to the left of a tee box on Cutten Fields Golf Club in Guelph, with a quality 

multi-layered forest to the right of the tee box. 
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Figure 4.2 A stand of mature trees with no understory layers and therefore low quality habitat on 
the left side of the tee box, and a mature deciduous forest with multiple understory layers and 
therefore high quality habitat on the right side of the tee box in Cutten Fields Golf Course, Guelph, 
Ontario. 

- Leave non-hazardous dead trees and stumps standing and install bird and bat boxes where 

possible 

The presence of dead trees is difficult to see from satellite imagery and therefore requires an 

assessment from the ground. In the case of the Watson and Colt Courses, all will be left standing 

provided they do not pose a safety risk to golfers. Figure 4.3 is an example of a large, high 

quality dead trunk which is located a safe distance from any in-play areas and contains several 

cavities. Likewise, the best locations for bird and bat boxes require assessment of habitat and 

sun/shade conditions from the ground. Bird species have different dimension requirements for 
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entrance hole diameter and height, floor dimensions, height of box, and height above ground. 

Table 4.1 lists the required dimensions for several southern Ontario bird species that may nest in 

and around golf course habitats.  
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Table 4.1 Nesting box dimensions for some Ontario cavity nesting species that may use golf courses 
as breeding habitat (David, 1999). 

Species Entrance 
Hole 

Diameter 
(cm) 

Entrance 
Hole Height 
Above Floor 

(cm) 

Interior 
Floor 

Dimensions 
(cm) 

Total 
Height of 
Box (cm) 

Height Above 
Ground/Water 

(m) 

Wood Duck 7.5 – 10 40 – 45 25 x 25 to 30 
x 30 

60 – 65 3 – 6 

Eastern Screech Owl 6.5 – 10 25 – 30 15 x 15 to 20 
x 20 

38 – 45 3 – 9 

Black-capped 
Chickadee 

2.5 – 4 15 – 17 10 x 10 to 12 
x 12 

22 – 30 2 – 4.5 

Eastern Bluebird 4 15 – 17 10 x 10 28 – 30 1.5 – 3 

Great-crested 
Flycatcher 

4 – 6.5 15 – 17 12 x 12 to 15 
x 15 

22 – 30 2.5 – 6 

White- and Red-
breasted Nuthatches 

2.5 – 4 15 – 17 12 x 12 to 15 
x 15 

22 – 30 3.5 – 6 

House Wren 2.5 – 4 15 – 17 12 x 12 to 15 
x 15 

22 – 30 2 – 3 

Tree Swallow 3 – 4 15 – 17 12 x 12 to 15 
x 15 

22 – 30 3 – 3.5 

Downy Woodpecker 3 – 4 20 – 30 7 x 7 to 10 x 
10 

25 – 35 2 – 6 

Hairy Woodpecker 4.5 – 7 25 – 35 12 x 12 to 15 
x 15 

35 – 40 3.5 – 6 

Northern Flicker 5 – 7.5 25 – 50 6 x 6 to 8 x 8 35 – 60 2 – 6 
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Due to the prevalence of wetland, river, lake, and large forest patches surrounding the Watson 

and Colt Courses, a variety of bird species are likely to nest on the course and therefore a variety 

of nesting box sizes should be installed. Figure 4.16 illustrates an example of nest box 

placements, with a Wood Duck box on the edge of the seasonal wetland, an Eastern Bluebird box 

on the edge of the grassland surrounding the sandpits in the middle fairway, and an Eastern 

Screech Owl and Great-crested Flycatcher box in the northern forest patch. 

Roosting boxes for bats should be designed greater than 76 cm in width, stained a dark colour, 

with a dark roof and air vents cut into the lower portions of the sides. Additionally, they should 

be placed away from bright lights, on a building or pole at least 3 metres above ground and 

facing southeast where they can receive at least 5 hours of direct sunlight per day. Ideally, a 

second roosting box should be installed in a shady spot nearby so the bats can move to a cooler 

shelter on summer days that reach extreme temperatures (Bat Watch, 2022). 
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Figure 4.3 A large standing dead trunk with many nesting and roosting cavities in the mature 
deciduous forest of the Cutten Fields Golf Course in Guelph, Ontario. 

- Enhance bodies of water by maximizing coverage of native emergent aquatic and shoreline 

plants and creating/expanding shallow littoral shelves or providing floating rafts of vegetation 

In the Watson and Colt course restoration, the body of water was classified as high priority for 

restoration. Figure 4.4 (a) shows a pond within the Cutten Fields Golf Course in Guelph which is 

void of a vegetation buffer and emergent aquatic vegetation and (b) a pond photographed by the 

USGA, vegetated with emergent and shoreline vegetation. Figure 4.18 shows a comparison like 

this as well, in the form of a schematic section elevation drawing. 
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Figure 4.4 (a) An unvegetated, low quality habitat, water body in the Cutten Fields Golf Course in 
Guelph, Ontario, compared to (b) A diverse, high quality, vegetated golf course pond (USGA, 
2016). 

- Create grassland habitat with native grasses and flowers where open airflow or views are 

required or preferred and surrounding landscape contains grassland habitat 

In the Watson and Colt course restoration, all of the areas limited for visual and technical reasons 

have been transformed to grassland habitat. Grassland habitat is limited only to these areas in this 

case study because it is not a common natural habitat in the surrounding landscape. 

- Preserve and create seasonal wetlands, which are inundated with water for the first 4-9 months 

of the year, in large forest patches 

In the Watson and Colt course restoration, three seasonal wetland habitats were created in forest 

patches in close proximity to each other in the middle of the course (Figure 4.14). These 

locations were chosen because of their distance from the busy roads adjacent to the course, the 

large size of the forest patches, and their close proximity to each other. Figure 4.5 shows 

examples of seasonal wetlands in three different types of forest in Norfolk County, Ontario. 

(a) (b) 
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Figure 4.5 Three examples of forested ephemeral wetlands in Norfolk County, Ontario. (a) a closed 
canopy soft maple forest and (b) a closed canopy hemlock-birch forest. 

- Restore polluted and degraded soils and water 

This recommendation requires ground exploration and is not represented in this demonstration of 

application. If many areas of degraded soil or water are found on the course, recording the 

location of each on a map and hiring professional restoration ecologists is necessary to ensure 

proper restoration.  

- Remove invasive species using BMPs and replace with the appropriately chosen native species 

for that habitat 

The presence of invasive species cannot be determined from satellite imagery and therefore must 

be assessed from the ground. Table 4.2 lists common invasive species in southern Ontario along 

with the Best Management Practices booklet created by the Ontario Invasive Plant Council for 

(a) (b) 
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that species. The proper identification of the species may require a terrestrial ecologist’s 

assessment. 

 

Table 4.2 The most invasive alien species in southern Ontario and their Best Management Practices 
booklet. 

Species BMP Booklet 

Dog-strangling Vine (Vincetoxicum rossicum) (Ontario Invasive Plant Council, 2012a) 

Garlic Mustard (Alliaria petiolate) (Ontario Invasive Plant Council, 2012b) 

Japanese Knotweed (Reynoutria japonica) (Ontario Invasive Plant Council, 2012c) 

Multiflora Rose (Rosa multiflora) (Ontario Invasive Plant Council, 2018a) 

Autumn Olive (Elaeagnus umbellate) (Ontario Invasive Plant Council, 2018b) 

Phragmites (Phragmites australis) (Ontario Invasive Plant Council, 2020a) 

Common Buckthorn (Rhamnus cathartica) (Ontario Invasive Plant Council, 2012d) 

Norway Maple (Acer platanoides) (Ontario Invasive Plant Council, 2020b) 

White Sweet Clover (Melilotus albus) (Ontario Invasive Plant Council, 2013) 
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- Prevent disturbance of threatened species, bird nests or den sites by using signs, buffers, or 

fencing, especially during breeding season; April to July 

This recommendation is a temporally and situationally dependent issue which cannot be mapped. 

Figure 4.6 (a) shows an example of a standard turtle nest protection structure and figure 4.6 (b) 

shows a commonly used method to buffer a bird’s ground nest. Signage is also a beneficial 

addition, to inform players what it is that is being protected and why. This educational 

opportunity may bring awareness to players and inspire them to care for the wildlife that live on 

the course they are playing. 

 

Figure 4.6 (a) Turtle nest protection cage often used in Ontario (Huron Stewardship Council, 2020) 
and (b) A brightly coloured buffer using caution tape and pylons to protect a Killdeer (Charadrius 
vociferus) nest (Elliston, 2019). 

 

 

 

(a) (b) 
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- Provide a black trash bin, blue recycling bin, and green compost bin at beginning of every hole 

and entrance to every building to prevent littering 

Figure 4.16 demonstrates the best placement of trash bins at two holes on the Watson Golf 

Course. The best place for bins on golf courses is the end of the paved path that leads to the tee 

boxes where players are exiting their cart to begin play and are most likely to be discarding 

waste. Figure 4.7 shows the ideal presentation of waste bins on golf courses. 

 

 

 

Figure 4.7 A visually appealing and organized way to present the three different waste bin types in 
public spaces (City of Toronto PFR, 2018). 
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- Confine and minimize roads, cart paths, trails, and necessary vegetation removal to the edges 

of existing habitats to reduce fragmentation and disturbance 

Figure 4.16 demonstrates the rerouting of a paved golf cart path from crossing a forest corridor 

to following the edge of a fairway. If budget is too limited for this to be done, this should be one 

of the last priorities.  

- Maximize connectivity of a diversity of terrestrial and aquatic habitats within the course as 

well as to habitat patches in the surrounding landscape 

The existing water body in the new conditions is encompassed fully by forest but in relatively 

close proximity to a large patch of grassland to the southeast around tee boxes (Figure 4.14). The 

created seasonal wetlands are also in close proximity to forests and grassland habitats. Due to the 

course’s proximity to Lake Ontario, Etobicoke Creek, and the wetland habitats in Dixie Park, it 

is likely to already support breeding herptiles. Connecting a variety of habitats within the course 

will help the herptile species breed successfully and their populations persist. 

- Create vegetated buffers planted with a maximized diversity of native plants greater than 7.5 m 

in width around all bodies of water 

In the case of the Watson and Colt Courses, the 7.5 metres surrounding the water body was 

classified as high priority and the area beyond that was classified as secondary priority (Figure 

4.13). 7.5 metres is the minimum and should be one of the highest priority naturalization areas 

on any golf course. Since it is far from any in-play areas, a buffer much wider than this planted 

with a diversity of vegetation heights and native species should be possible. In the new 
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conditions, forest is restored in every high, secondary, and low priority area around the body of 

water. Figure 4.8. represents what a healthy, biodiverse water buffer should look like. 

 

 

 

 

 

Figure 4.8 A diversly planted buffer around a golf course water body (USGA, 2016). 
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4.2 Application to cases 

The total area of the Watson and Colt courses is 85.7 ha, where 41.7 ha (49%) is open out-of-

play area, 31.3 ha (36.6%) is existing canopy cover, 1.7 ha (2.1%) is impermeable area for 

parking, maintenance, and clubhouse, 17.0 ha (20%) is in-play area, total area of sand traps is 0.7 

ha, the area of the water body is 0.03 ha and the total length of paved cart paths is 8,616 m (all 

together make up 2.2%) (Figure 4.9). 

Figure 4.9 Existing conditions of Toronto Golf Club’s Watson and Colt courses. 
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The surrounding land use within a 1,000 metre buffer from the centre of the course is mostly 

residential, which is considered low impact suburban because of the high area of tree canopy and 

permeable land interspersed among the buildings (Figure 4.10). There are three large areas of 

high intensity urban that contain only impermeable land cover, each at a reasonable distance 

from the course. The North edge of the course is directly adjacent to a wide corridor of forest 

along a large river that connects to Lake Ontario. The South edge of the course is directly 

adjacent to a busy road, with another golf course on the other side of the road. A corridor of tree 

cover runs along the road from the northeast corner of the course to the patch of forest in the 

northeast corner of the largest patch of high intensity urban land use. Further, a hydro corridor of 

open green space runs in an east-west direction at the south end of the buffer, and some other 

small patches of open green space in the form of parks and sports fields occur within the 

residential area. The course provides habitat connectivity between the river corridor and other 

golf course, as well as to the habitat scattered throughout the residential area. 
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Figure 4.10 Surrounding land uses of Toronto Golf Club’s Watson and Colt courses at a 1000 m 
buffer from the centre of the course.  

Highlighting which areas on the course are limited by the extent of naturalization they can 

support is important for ensuring the game is not negatively affected by the naturalization. Three 

main areas will be unable to contain forest consistently among all golf courses: the sections 

between the tee box and fairway, the area between the sand traps and the fairway, as well as the 

area around the green. The area around and between the tee box and fairway must remain open 

so players have a view of the fairway when they take their first shot, and so there are no 

obstacles for the ball to hit when it is travelling from the tee box to fairway after the first shot. 

Space between and around sand pits should remain open to allow sand pits to remain effective 
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obstacles for players. Some space must be left open around the green area to ensure the health 

and quality of the green turf is not affected by the shade and debris produced by trees. The 

necessary width of these areas can be determined by the golf course superintendent and 

landscape architect. 

Figure 4.11 represents these limitations mapped into the existing conditions map of the Watson 

and Colt courses. The remaining total area of areas limited by naturalization type is 7.9 ha (9.3% 

of total golf course area), leaving the total out-of-play area not limited for visual or technical 

reasons as 33.2 ha (38.9% of total golf course area). 
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Figure 4.11 Existing conditions of Toronto Golf Club’s Watson and Colt courses with areas that are 
limited by extent of naturalization, including roughs and sightlines between tee boxes and fairways 
highlighted. 

It is important to then highlight the areas that can be maximally naturalized after taking all 

limitations into consideration. Figure 3.4 shows that all out-of-play areas that are not limited for 

technical reasons can be naturalized to dense, multi-layered forest. It is up to the landscape 

architect and golf course superintendent to decide if there are any other areas they would prefer 

left open for aesthetic or other reasons. The total area that can be converted from maintained out-

of-play area to regenerated deciduous forest on Toronto Golf Clubs’ Watson and Colt courses is 

22.5 ha, or 38.9% of the total golf course area (Figure 4.12). 



110 

 

 

Figure 4.12 Existing conditions of Toronto Golf Club’s Watson and Colt courses with zones with 
high intensity naturalization potential and low intensity naturalization potential highlighted.  

If additional limitations exist, such as financial or aesthetic factors, an important step is to 

highlight the areas of the golf course that should be prioritized for naturalization. Connectivity 

between habitat patches within the course should be the first consideration, and connectivity to 

habitat in the surrounding landscape should be the second consideration. Figure 4.13 

demonstrates a diagrams showing where corridor restoration should be prioritized on the Watson 

and Colt courses. Areas around water bodies should also be high priority for naturalization. The 

high priority naturalization areas in Figure 4.14 were chosen based primarily on these two 

factors.  
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Figure 4.13 Diagram showing where corridor restoration should be prioritized in the Watson and 
Colt courses. 

Seven new complete corridors were created in the golf course landscape which connect the 

forested river corridor to the north with the golf course to the south, and ultimately connect the 

remnant habitat corridors in the low intensity suburban land use. Naturalization areas of 

secondary priority should be decided based on first expanding the width of the corridors outlined 

in the high priority areas, then expanding existing habitat patches, and finally connecting and 

transforming sparse treed areas with no understory to multilayered forest corridor (Figure 4.1). 

Figure 4.2 provides a side-by-side comparison of the difference between low quality tree canopy 

with no understory and high-quality forest with several understory layers. All out-of-play areas 
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left after establishing the limited, high and secondary priority naturalization areas can be 

classified as low priority naturalization areas (Figure 4.13). 

Figure 4.14 Existing conditions of Toronto Golf Club’s Watson and Colt courses with highest 
priority naturalization zones indicated.  

When forest regeneration can be maximized, the full 22.5 ha, or 38.9% of the total golf course 

area can be restored to multi-layered deciduous forest. Figure 4.15 demonstrates this in a final 

map of the new conditions of the Watson and Colt courses after restoration. In this final 

condition, forest cover makes up 75.5% of the course area, grassland makes up 9.3% of the 

course area and wetlands make up 1.4% (Table 4.3). 
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 Figure 4.15 New conditions of the Watson and Colt courses after maximum naturalization. 

Moving to a finer scale within the golf course, more detailed observations and changes can take 

place. Using the map and visiting the area for a three-dimensional examination of the existing 

habitat allows for a determination of the quality of habitat patches and interpretation of golf cart 

path routes. Figure 4.16 shows the priority levels for naturalization of the areas around holes six 

and eight of the Watson Golf Course. Corridors connecting the forest patches are highest priority 

and most of the area between the fairways is low priority. This is because the areas on either side 

of these fairways have large areas of medium priority because they connect larger patches of 

habitat than the area in the centre. Therefore, the centre area is considered not as important for 



114 

 

 

restoration. Additionally, it can be observed that a paved path cuts directly through the existing 

forest and high priority naturalization area.  

 

Figure 4.16 Naturalization prioritization levels of the areas surrounding the fairways of holes six 
and eight of Watson Golf Course. 

 

Figure 4.17 shows the new conditions of the golf course after the ecological retrofit. It involves 

the rerouting of the path closer to the edge of the fairway rather than cutting through the forest 

corridor, placement of waste bins, and placement of bird and bat boxes. Each species-specific 

box is placed based on the preferred breeding habitat for that species. An Eastern Bluebird box 
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was placed on the edge of the grassland surrounding the sandpits in the middle fairway, a Wood 

Duck box was placed on the edge of the seasonal wetland, and an Eastern Screech Owl and 

Great-crested Flycatcher box are each located in the northern forest patch. The bat boxes are 

placed in the forests, but not far from the open fairways. 

 

Figure 4.17 New conditions after maximized forest regeneration and path rerouting surrounding 
the fairways of holes six and eight of Watson Golf Course. 
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Figure 4.18 Section elevation schematics of a fairway area in a hypothetical golf course with (a) 
existing conditions and (b) conditions after ecological recommendations are applied. 
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4.3 Evaluation of outcomes 

Despite the ACSP certification status since 2008 and utilization of Integrated Pesticide 

Management practices of the Watson and Colt Golf Courses, there is substantial latitude to 

improve the ecological value of the course. Table 4.3 displays the resulting changes in land cover 

areas on the Watson and Colt courses after maximized ecological retrofitting. 

Table 4.3 changes in land cover areas on the Watson and Colt courses of the Toronto Golf Club 
pre-and post-ecological retrofitting. 

Land Cover Type Existing Conditions (ha) New Conditions (ha) Difference (ha) 

Tree Canopy 31.3 (36.6%) 53.8 (75.5%) +22.5 (38.9%) 

Open Meadow/Grassland 41.7 (49%) 7.9 (9.3%) -37.3 (-39.7%) 

Wetland 0.3 (0.4%) 1.2 (1.4%) +0.9 (1%) 

Following the recommended changes can lead to a significant expansion of some land cover 

types within established golf courses. The largest changes (proportionately) are decreases in 

areas of grassed areas, such as rough, and increases in forest area, which are approximately equal 

in exchange. Existing and new wetland cover differed in area by a small amount but resulted in 

four times their original area. 
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5 Discussion and Conclusion 

5.1 Completeness of design recommendations 

The formulated recommendations should cover every necessary detail, considering they originate 

from a comprehensive comparison and critique of the three sets of design guidelines at different 

spatial scales, from different authors, further integrate the literature pertaining to southern 

Ontario ecology and global golf course ecology, and they were developed by a professional 

terrestrial ecologist. However, the process to complete this list of recommendations had 

challenges and limitations, and many areas of future research have arisen from this investigation. 

5.2 Synthesis 

Synthesizing the ecological design recommendations was a challenging task. I synthesized the 

recommendations to be as succinct yet as inclusive as possible using the literatures and my 

judgement as a terrestrial ecologist and landscape designer. However, there is some repetition 

among them, and many of them require further explanation to be fully understood by a landscape 

architect or golf course manager. The topic that experiences the most repetition is habitat 

connectivity, as it is the basis of three of the principal points found in Gagne et al. (2015). This 

repetition is important to ensure connectivity is considered throughout the restoration process 

because of how important it is for biodiversity optimization. Although total habitat amount is the 

most important factor in landscape ecology for conserving and optimizing biodiversity in human-

dominated landscapes, it is difficult to increase at the golf course scale, so connectivity is more 

accessible. 
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An example of a point that may require further explanation is Identify existing habitat corridors 

and quality of habitat within those corridors. Further explanation of this point may be required 

for anyone who is not knowledgeable in the field of landscape ecology because they may be 

unaware of what is classified as low- or high-quality habitat. In hindsight, this point could have 

included more detail but adding more detail risks it being too long and wordy. However, 

deciding on the corridor quality is reasonably simple as it primarily requires an 

acknowledgement of the volume and density of vegetation. Further, the two points relating to 

habitat connectivity that follow in the recommendations may provide the information that is 

missing in this point, such as specifying the canopy cover should consist of the dominant forest 

of the ecoregion and contain several vegetation layers. 

Further, numbering the recommendations in order may be beneficial, especially since they are 

organized somewhat sequentially. Gagne et al. (2015)’s five steps are numbered in order of 

implementation, Audubon International’s are not numbered, and Jackson et al (2011)’s are 

numbered but it is stated that they are not presented in any particular order. The synthesized 

recommendations therefore can be implemented in order of appearance if this is preferred but 

allowing the landscape architect and golf course manager the freedom to implement the 

recommendations in the order they choose may be appealing to them. However, the first six 

points should be completed first, because they all refer to planning and mapping activities, which 

must be considered before any change is implemented. The last twelve points can be completed 

in whichever order is preferred. This should be fairly clear to whomever is implementing the 

points just by how they are presented. 
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5.3 Challenges and opportunities in application 

A significant challenge in the application of these design recommendations is deciding which 

factors to prioritize to decide where to place habitat if the restoration budget is limited. It is 

difficult to have to consider and weigh composition and configuration of habitat in the 

surrounding landscape, across the entire golf course, as well as between fairways and within 

habitat patches. However, the most important factor is the total area of habitat (Fahrig, 2003), so 

adding more habitat and increasing connectivity in any way is still significantly better than doing 

nothing, while prioritizing habitat amount over pattern. In their review, Fahrig (2003) concluded 

that “empirical evidence to date suggests that the loss of habitat has large negative effects on 

biodiversity. On the other hand, the breaking apart of habitat, independent of habitat loss, has 

rather weak effects on biodiversity, which are as likely to be positive as negative.” (pp. 508).  

A challenge I encountered when applying these recommendations to the Watson and Colt 

Courses was lack of information regarding area, shape, and connectivity of understory vegetation 

and shrubbery in Google Earth satellite imagery. The quality of habitat for biodiversity value 

differs significantly between a tree canopy with only mowed grass as the understory and a tree 

canopy with a diversity of understory layers. This is also highlighted by Hudson and Bird (2009) 

as a major challenge to collecting quality data when conducting golf course landscape ecology 

studies. However, this is easily mitigated by a site visit and recording notes or photographs.  
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5.4 Ecological retrofitting advice for golf courses in southern Ontario 

In the example provided, forest cover regeneration is maximized because it is the dominant 

natural habitat type in the ecozone and immediate surrounding landscape, and corridors of forest 

connecting the forested river corridor to the northeast to the golf course to the southwest are 

prioritized. This should not be assumed to be the case for all golf courses in southern Ontario. 

Many golf courses in southern Ontario will require very different habitat and corridor priority 

choices depending on the surrounding landscape composition and configuration. The 

recommendations account for this variation and consultation with an ecologist will ensure they 

are implemented correctly for each unique case. 

Increasing forest cover within a golf course will create more shaded, less windy, more leafy 

conditions. This will require managers and caretakers to switch from mainly grass maintenance 

to mainly woody plant maintenance. They will need to pick up more branches, twigs and leaves 

from in-play areas. If they incorporate the advice, they will need to consider wind direction and 

sub-canopy vegetation to help manage the tidying operations of cleaning up twigs and leaves and 

move from mechanical mowing operations to more woody vegetation management. The example 

application of the advice shows the new conditions when applying the middle and maximum 

restoration of forest habitat, which may be too extreme of a difference to implement right away.  

These factors could deter golf course managers from being motivated to implement the 

ecological advice. However, identifying and specifying zones of high priority for naturalization, 

and only implementing changes within those zones, can minimize these negative effects while 

still improving the ecological value of the course. Leaving decisions about the area and extent of 
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the high priority zones up to the golf course manager may mitigate resistance to implementing 

this advice. 

Several technical requirements in golf course design challenge the application of ecological 

design advice. First, dense habitat must be distanced from tee boxes and greens due to aesthetic, 

technical and management issues such as overgrowth of tree roots and branches into turf area, 

which may shade and litter the tee boxes and inhibit turf growth and ground evenness. Since 

there is no specific measurement for this, it requires the judgement of the landscape architect and 

golf course manager. Next, the buffer of habitat around water bodies and likely landing zones 

within play areas is limited to short grasses so balls can be found and sightlines are retained 

(Jackson et al., 2011).  

However, many golf courses contain out-of-play areas with low quality habitat that can be 

significantly improved. Jackson et al. (2011) highlights several opportunities for habitat 

restoration that are a result of required dimensions of golf course features. First, corridors of 

dense habitat between fairways is unlimited due to the 80 metre distance requirement between 

the centrelines of fairways. Second, the area around the back and sides of tee boxes can also 

contain dense habitat because this is not a landing zone or sightline. Third, areas between tee 

boxes and fairways provide an opportunity to integrate open grassland or wetland habitats due to 

necessary open space for sightlines. Fourth, the areas behind greens can be densely forested to 

provide an aesthetically pleasing natural backdrop for each hole as it is played. 

There are several up-front costs involved with proper habitat restoration on a golf course that 

may deter superintendents from choosing to ecologically retrofit their course. Professional 
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ecologists must be hired to determine prioritization zones and habitat type, field technicians must 

be employed to remove invasive species, plant native species and restore degraded water and 

soil, and native plants or seeds must be purchased to create the new habitats. However, the 

reduction in required maintenance and improved quality of the course will both reduce 

management costs and increase revenue. Adding more forest cover and decreasing mowed 

playing areas may save money on staff time, effort, and equipment, as well as increase the 

difficulty of the game by reducing easily playable surfaces, creating a challenge marketable to 

advanced golfers (Hudson & Bird, 2009). Market research has indicated that golfers are willing 

to pay 10-18% more per round to use an ACSP certified course, which is approximately equal to 

the increase in marginal costs associated with qualifying for the certification (Limehouse et al., 

2010). If a golf course improves the ecological value of their golf course beyond the 

requirements of the ACSP certification, revenue may increase proportionally. 

5.5 Limitations 

Multiple studies have shown that habitat area and connectivity at the landscape scale may be 

more important than the golf course scale for biodiversity restoration and conservation 

(Hodgkison et al., 2007; Hudson & Bird, 2009; Nooten et al., 2018; Porter et al., 2005), and that 

more research is needed on the ecological effects of golf courses at the landscape scale 

(Petrosillo et al., 2019). However, this is outside of the scale of this study and the golf course 

architect’s jurisdiction as it requires the involvement of the municipality and its urban planners. 

In landscapes that are dominantly composed of native habitat, golf courses may have a negative 
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effect on biodiversity no matter how ecologically they are designed because they are lower 

quality habitat than the surrounding habitat and cause fragmentation (Colding & Folke, 2009). 

Recommendations for changes to management practices are not included in these 

recommendations because the advice is restricted to the design of golf courses, not their 

management. However, environmentally responsible management is a very important part of 

maintaining a golf course with high ecological value and should therefore not be ignored. One of 

the main bodies of foundational advice I reference in my comparison chart, Audubon 

International, includes a separate set of guidelines referring only to golf course management 

practices, which can be referred to by the landscape architect or golf course manager. 

There are many areas within these recommendations that are left to the discretion of the 

landscape architect and golf course superintendent so that they can be tailored to the aesthetics, 

management requirements, and technical requirements of a specific golf course and changes to 

golf. The lack of specific dimensions and areas may result in landscape architects leaving 

significantly more mown out-of-play areas than necessary because they prefer the aesthetics of it. 

However, this flexibility may be appealing to landscape architects and golf course 

superintendents because it allows room for creativity and freedom. 

The demonstration of the application of the design recommendations to an existing golf course is 

limited because only one golf course was used. Although it is informative, it is only 

representative of one size and type of golf course in one type of surrounding landscape. 

Demonstrating the application of the recommendations to golf courses of different sizes and in 

different landscape contexts would be beneficial for demonstrating when other habitats besides 
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forest should be prioritized for regeneration. For example, a golf course located within a 

landscape consisting of dominantly grassland habitat would result in new conditions that are 

mostly regenerated grassland habitat. However, the demonstration golf course does represent the 

prioritization of the type of habitat most southern Ontario golf courses should prioritize, because 

of southern Ontario’s history of forest cover being the dominant habitat type (Elliott, 1998). 

Finally, these design recommendations have not been tested by landscape architects or golf 

professionals and therefore it is unknown if they can understand and follow them properly, or 

how involved an ecologist needs to be to ensure they are properly implemented. They also have 

not been reviewed by a restoration or aquatic ecologist, but they are derived from the literature, 

and interpreted by a terrestrial ecologist and landscape designer for application to the landscape 

architecture of golf courses.  

5.6 Future research 

Some of the most important areas of future research require the involvement of golf course 

managers and landscape architects. First, the proportion of willing golf course superintendents in 

Ontario to adapt this advice is unknown and is important to find out. Although the results of 

Hammond & Hudson (2007)’s investigation of UK golf course managers’ attitudes toward 

environmental concerns of golf courses showed that 90% felt golf courses are important to 

wildlife and 60% wanted something to be done about it, this does not mean golf course managers 

in Ontario will feel the same. Ontario’s culture and ecosystems are very different than the United 

Kingdom’s. Additionally, the study was limited to one small geographic area of the United 
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Kingdom, and the response rate was only 47%. Therefore, the results of this study could have a 

non-response bias. 

Second, the ability of golf course architects to understand and correctly implement this advice in 

their golf course designs and retrofits is also unknown and should be explored. Golf course 

architects training or interest in ecological design is unknown, so their ability to follow these 

recommendations may be variable or limited. Hiring experts in the fields of terrestrial and 

aquatic ecology, and well as landscape ecology or ecological design may be necessary to 

implement these recommendations. The extent of this and costs associated with it requires 

research. 

Additionally, research investigating which golf courses to prioritize habitat restoration on in the 

landscape of southern Ontario could be important for maximizing the benefits to biodiversity and 

human health. Composition and configuration of habitat at the landscape scale may be more 

important for biodiversity conservation and provision of ecosystem services than the golf course 

scale, as discussed by LeClerc & Cristol (2005), Hodgkison et al. (2007) and Hudson & Bird 

(2009). This research should include consideration of surrounding land use in both an ecological 

and social context. 

Next, the effectiveness of these design recommendations for improving the ecological value and 

biodiversity of golf courses should investigated on golf courses along a gradient of urbanization 

intensities. Using Before-After-Control-Impact (BACI) experimental design may be an effective 

way to examine this. This method involves having two or more sites, with one being the impact 

and one being the control. The impact site undergoes the experiment, and the control site remains 
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unchanged. Data is collected from both sites before and after the experimental change, and they 

are all compared statistically. It is a common and effective approach to evaluating the effects of a 

human induced ecosystem change (Eberhardt, 1976). In the context of ecological golf course 

retrofitting, this would involve at least two years of collecting data on species presence on two 

courses within similar land use types and of similar sizes prior to the retrofit, and several years of 

the same data collection after the ecological retrofit of the golf course takes place. The higher the 

number of years before and after the change that ecological assessments take place, and the more 

similar the impact and control courses are in terms of size and surrounding land use, the more 

accurate the results will be. Ideally, data collection should occur until the restored habitats reach 

maturity. Data on species presence, breeding evidence, management costs, greenhouse gas 

emissions, golf player well-being, microclimate, and turf health could all be collected and 

differences analyzed. 

The application of these design recommendations to other land use types such as cemeteries, 

parks, sport fields and yards is another area of future investigation. These land use types share 

characteristics with golf courses as largely turf-dominated landscapes with characteristic 

divisions among their different parts or functions. Some of the recommendations might apply in 

their current form, but research could identify where some modification would be required to fit 

similar land uses. 

Further, beneficial alterations to in-play areas is another topic that requires more research. 

Finding out which turf species survive best in southern Ontario and require the least maintenance 

and chemical and water inputs is important for minimizing the environmental impact of golf 
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courses. It would also be beneficial to find out if it is possible to use the planting design of trees 

and shrubs in such a way that the turf and rough require less chemicals and water inputs. 

Lastly, investigating how to make these recommendations available and attractive to golf course 

managers is critical for ensuring they are accepted and used. A booklet produced and distributed 

by Golf Ontario or a section on the organization’s website may be necessary. 

5.7 Conclusion 

Golf courses make up a large portion of greenspace in urban landscapes and have the potential to 

support a high biodiversity of species in proportion to the surrounding landscape if designed and 

managed correctly. Even golf courses that have already implemented environmentally 

responsible practices may contain a significant proportion of land that can be restored to native 

habitat. Golf course superintendents, landscape architects and ecologists can work together to 

implement a set of 17 ecological design recommendations on any golf course in southern Ontario 

which, according to the literature, may optimize the biodiversity, increase carbon sequestration, 

improve water quality, and enhance human well-being at micro, local, and landscape scales. 
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