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1.0 Abstract 

The Emerald Ash Borer (EAB) is an invasive insect killing millions of ash trees in North 

America, threatening functional extirpation of ash (Fraxinus) species from the continent. 

Deemed the costliest biological invasion by a forest insect in history, EAB has cost an estimated 

12.5 billion USD to the United States through 2020. The EAB has also caused tremendous 

economic loss in Canada, particularly in the Carolinian zone of Ontario, an area inhabited by all 

five species of ash native to Canada which were once major forest species. This Major Research 

Project will lay out a proposal for the underplanting of native, preferentially uncommon, tree 

species in forests impacted by ash tree decline from the EAB. Uncommon species can be defined 

as provincially endangered or rare and/or locally rare or absent. Uncommon species are preferred 

as they may increase a forests resistance and resilience to disturbance, as described by the 

diversity-stability hypothesis. Motivated by a need for more in-situ management options in 

response to EAB, the proposed activity, including work to date, could be used to help restore 

forests affected from ash decline and increase the resistance and resilience of Carolinian forests 

to future disturbance.  
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2.0 Introduction 

2.1 Emerald Ash Borer  

Agrilus planipennis Fairmaire (Coleoptera: Buprestidae), commonly known as the Emerald Ash 

Borer (EAB), is an invasive wood-boring beetle killing North American ash trees (Herms & 

McCullough, 2014). The first official documentation of the EAB (shown in Figure 1) in North 

America occurred in 2002 when a specimen collected from Windsor, Ontario (Anon, 2012a) was 

examined and confirmed to be Agrilus planipennis. However, dendrochronological 

reconstruction of ash trees from the greater Detroit metropolitan area show that the EAB was 

established and killing ash trees by the early 1990’s. Native to East Asia, it has been 

hypothesized that the EAB was introduced to North America, accidently, in material used for 

crating, pallets and dunnage (Herms & McCullough, 2014) by approximately 1993 (Siegert et 

al., 2008). The EAB targets only true ash (Fraxinus) species, killing through two main processes; 

the adult EAB feeds on foliage of the ash and lays eggs inside tree bark where the larvae feed on 

phloem (shown in Figure 2), eventually girdling the tree (Anon, 2015).  

 

 Figure 1: The adult emerald ash borer. From: 
https://branchoutburlington.org/2018/05/emerald-
ash-borer-threat-burlingtons-trees/ 

Figure 2: EAB larvae feeding marks on ash trees. From: 
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-
emerald-ash-
borerhttp://www.hardwooddistributors.org/postings/ash-lumber-and-
th ld h b  

https://branchoutburlington.org/2018/05/emerald-ash-borer-threat-burlingtons-trees/
https://branchoutburlington.org/2018/05/emerald-ash-borer-threat-burlingtons-trees/
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-emerald-ash-borer
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-emerald-ash-borer
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-emerald-ash-borer
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-emerald-ash-borer
http://www.hardwooddistributors.org/postings/ash-lumber-and-the-emerald-ash-borer
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Healthy ash trees are often killed within two or three years after initial infection, with some 

being killed in as little as one year. 

 

2.2 Emerald Ash Borer in North America, particularly in Canada 

Ash trees are one the most widely distributed genera in North America (Herms & McCullough, 

2014), with a range covering major areas in Canada, the United States and Mexico. Since its 

introduction to the greater Detroit metropolitan area in 1993, EAB has killed millions of ash trees 

in North America with mortality across five Canadian provinces (shown in Figure 3) and 35 

states in the United States (U.S.). The deaths of millions of ash trees while further threatening an 

estimated eight billion ash trees in North America (Anon, 2019a) has prompted the U.S. Forest 

Figure 3: The EAB can be found in Manitoba, Ontario, Quebec, New Brunswick and Nova Scotia. From: 
https://forestinvasives.ca/Meet-the-Species/Insects/Emerald-Ash-Borer#70159-regulation 

https://forestinvasives.ca/Meet-the-Species/Insects/Emerald-Ash-Borer#70159-regulation
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Service to label EAB as the costliest biological invasion by a forest insect ever (Kovacs et al., 

2011), resulting in ash trees being considered at risk to be functionally extirpated from North 

America (Herms & McCullough, 2014). The EAB can travel only a few kilometers per year by 

itself, but is transported and spread over larger areas accidently, through infested materials such 

as firewood. Accidental spreading through the movement of infested materials is so threatening, 

that the Canadian Food Inspection Agency (CFIA) has restricted the movement of potentially 

infested materials such as firewood and plants (Anon, 2019b). The CFIA has also amended 

policy that deals with wood packaging coming into the country to avoid invasive species like 

EAB, in the future. These responses to the EAB invasion are a form of ex-situ management, 

which means they are operated offsite. Ex-situ management activities are performed, and in this 

case enforced from separate physical environments than where an issue takes place. 

 

All native ash species (Fraxinus spp.) in North America have shown susceptibility in some 

degree to the EAB including all five species of ash native to Canada in the Carolinian zone of 

Ontario (Poland et al., 2015), the area of focus for this proposal.   
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2.3 Carolinian Zone of Ontario, Canada 

The Carolinian zone (as shown in Figure 4) in southern Ontario is characterized by its rich 

biodiversity, relatively small size in area (Anon, 2004), history and continued threat of 

anthropogenic disturbance. The natural Carolinian landscape primarily composed of forests and 

wetlands was largely converted to agricultural land uses during the late 18th to early 20th century 

by European settlers (Hecnar & M'Closkey, 1998). Though the threat of further landscape 

conversion to agriculture is still present, the largest threat has shifted to urban development 

(Cowie, 2011). 

 

 

 

 

 

 

 

  

 

 

 

 

Although only comprising 0.25% of Canada’s landmass, the Carolinian zone is home to around 

25% of Canadians (Anon, 2017), while also supporting the most rare and endangered species of 

any life zone in the country (Anon, 2004). One implication of the large-scale landscape transition 

Figure 4: The Carolinian zone of Ontario, Canada. From: http://www.wwf.ca/?25221/New-hope-for-at-
risk-wildlife-with-launch-of-habitat-gardening-program# 

http://www.wwf.ca/?25221/New-hope-for-at-risk-wildlife-with-launch-of-habitat-gardening-program
http://www.wwf.ca/?25221/New-hope-for-at-risk-wildlife-with-launch-of-habitat-gardening-program
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that occurred in the Carolinian zone is the reduction of forest cover from greater than 80% to 

approximately 10% (Anon, 2018). Forests can be defined as large areas dominated by trees and 

undergrowth. The five species of ash native to Canada (white ash “Fraxinus americana”, black 

ash “Fraxinus nigra”, green ash “Fraxinus pennsylvancia”, blue ash “Fraxinus quadrangulate” 

and pumpkin ash “Fraxinus profunda”) can be found in the Carolinian zone as once major 

components of Carolinian forests. Ash has been particularly abundant in Carolinian forests for 

several reasons related to the history of the landscape in this region (Streit & Scarr, 2012). 

Scattered pockets of remaining forests in the Carolinian zone are often present because they were 

set aside from agricultural uses, the result of agricultural abandonment or intentional replanting 

that has occurred primarily within the last 100 years. 

 

2.4 Ash Tree Significance in the Carolinian Zone – Establishing a Need for Human 

Intervention in Site Restoration 

Forests set aside from agriculture were often situated on wetlands that made a conversion to 

farming costly, difficult or impossible. All ash species native to the Carolinian zone have a 

preference for moist and/or wet soils and thus a significant portion of the forests set aside from 

agriculture may have had a major ash component. Forests established from natural regeneration 

(seeds that germinated and grew without anthropogenic intervention) present on abandoned 

agricultural lands also tend to have a major ash component. This is because ash trees native to 

the Carolinian zone possess a strong ability to colonialize areas no longer being managed for 

agricultural purposes (Anon, 2019c). Forests established from relatively recent (within 100 

years) replanting projects often also have components of ash. This is because these projects may 

have utilized ash as they are generally regarded as a hardy species that have a demonstrated 
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ability to colonize and transition non-forest into forested land. Due in part to the large proportion 

of Canadians living in the Carolinian zone, forests in this area also face an amplified threat from 

recreational degradation. Recreational degradation can be described as anthropogenic 

disturbance related to recreation in forests (Cole & Landres, 1996). Recreational degradation can 

encompass an array of anthropogenic activities such as soil compaction, erosion, introduction of 

competing invasive plants and physical pollution. Due to the particularly hardy nature of ash 

trees native to the Carolinian zone, they could endure amplified recreational degradation more 

than some competing native tree species present. Given that ash trees were a major component of 

forests in the Carolinian zone, the EAB has had severe impacts on forests throughout the area. 

With virtually all ash present in Carolinian forests dead or dying, the EAB has created large-

scale disturbance affecting forests in the Carolinian zone.  

 

2.5 Current In-situ Management and Proposal 

While impacts of EAB can be observed across forests in the Carolinian zone, in-situ 

management has been limited. In-situ management can be defined as management activities 

occurring in the field, where ash decline is taking place. In-situ management techniques in 

response to EAB impacts in Carolinian forests are few. Insecticides can be used to treat high 

value/heritage trees with a degree of success but due to the high cost this is not possible in a 

forest setting (Hajnal Kovacs, Conservation Halton, personal communication, 2020). Biological 

controls for EAB have been experimented with in Michigan, however results are inconclusive 

(Duan et al., 2019). Preliminary studies for two parasitoid wasps as biological control agents 

have been conducted by the Canadian Forest Service, but again, results are inconclusive (Ryall, 

2017). The only in-situ management activity found being used by conservation authorities or 
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governmental forestry departments occurring in the Carolinian zone is the act of tree planting. 

The proposed action of tree planting was made in the Toronto Region Conservation Authorities 

(TRCA’s) management plan for EAB (Anon, 2012b). A reading of several management plans for 

EAB, reveals that these typically consist of monitoring for EAB, restricting firewood 

transportation, removing dead & dying ash, performing public outreach and treating significant 

individual ash trees with insecticide. There is a high priority placed on the removal of dead and 

dying ash by public organizations not necessarily from an ecological perspective, but to reduce 

the hazards of failing ash trees to the public and assets. These findings combined with 

experiences working in the field and communicating with Foresters in Ontario confirm the 

observation that there is generally a lack of in-situ management occurring within Carolinian 

forests. Consequently, a lack of in-situ management activities being employed in response to 

EAB in Carolinian forests provided the motivation for this research project.  

Building from TRCA’s recommendation to plant trees, the in-situ management activity that will 

be reviewed in this project is the possibility of underplanting trees in Carolinian forests impacted 

by ash decline. I propose high quality underplanting of native, preferentially uncommon tree 

species in forests impacted by ash tree decline from the EAB. The goal of this in-situ 

management proposal is not to be the only activity taking place in response to EAB, but to 

provide another option in management plans.  
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2.6 Defining and Justifying Proposal 

Underplanting can be described as the planting of stock in an established forest, in this case 

Carolinian forests impacted by EAB. High quality underplanting in this situation should consist 

of an appropriate use of mulch, rodent guards and tree shelters or other planting protocols in 

order to maximize the likelihood of planted stock survival (Anon, 2011). Mulching may be 

necessary when the forest floor has been eroded away and bare soil is exposed, as is the case in 

some Carolinian forests where severe ash decline has taken place. Rodent guards or tree shelters 

should be employed to reduce browsing damage from animals to planted stock, which can be 

significant in southern Ontario (Pearl et al., 1995). These planting procedures are chosen because 

they can be implemented, then left alone for several years, thereby requiring as little active 

maintenance as possible. Native trees should be chosen over exotic, potentially invasive trees 

because they will provide greater benefit to wildlife (Dixon et al., 2019) and won’t outcompete 

natural regeneration and planted stock on site (Hajnal Kovacs, Conservation Halton, personal 

communication, 2020).  

There is a preference towards uncommon native tree species in order to help restore and enhance 

the stability of forests impacted by EAB. Uncommon species can be thought of in this proposal 

as either species that are provincially rare and/or endangered or species that are locally rare or 

absent. For example, the cucumber tree (Magnolia acuminata) and red mulberry (Morus rubra) 

would be considered uncommon because they are provincially endangered (Anon, 2018). 

Sassafras (Sassafras albidium) and swamp white oak (Quercus bicolor) would also be 

considered uncommon because they are provincially rare (Anon, 2020b). Locally rare or absent 

species also have the ability to qualify as uncommon, but that should be evaluated on a case-by-

case basis. Stability can be defined as the resistance and resilience of a forest to disturbance 
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(Larsen, 1995). In this context, disturbance can be thought of as natural or anthropogenic 

disturbance such as extreme weather, changing climatic conditions, invasive plants, animals and 

pollution. As described in the diversity-stability hypothesis, diverse ecosystems are more stable 

than ecosystems with fewer species. By having a greater abundance of uncommon species rather 

than a few dominant species, disturbance such as invasive insects like the EAB will not be able 

to cause as much initial disturbance to forests (Jactel et al., 2005). This can be characterized as 

an improved resistance; the ability of a forest to resist disturbance (Larsen, 1995). A greater 

abundance of species will also increase a forests adaptive capacity, which can be defined as the 

ability of a forest system to adjust to potential damage (Lindner et al., 2010). Forests with higher 

species diversity will have greater adaptive capacity because having more species present in a 

forest means that there will be a greater likelihood of a species present being capable of 

recolonizing areas of disturbance (Jandl et al., 2019; Thompson et al., 2009). The increased 

adaptive capacity of forests can be seen as an improvement in forest resilience; the ability of a 

forest to recover from disturbance (Irauschek et al., 2017; Larsen, 1995). Though the diversity-

stability hypothesis is debated (McCann, 2000), the increased adaptiveness has been observed in 

food webs (Haddad et al., 2011), forest ecosystems (Jucker et al., 2014), urban forest 

environments (street trees) (Manes et al., 2012), forest undergrowth communities (Dovčiak & 

Halpern, 2010) and grasslands (Tilman et al., 2006). By selection of uncommon species, there is 

also an opportunity present to aid in assisted migration programs. Assisted migration can be 

defined as the relocation of a species that may not be able to move fast enough by itself, in 

response to climate change (Ste-Marie et al., 2011). An assisted migration program for tree 

species in the Carolinian zone would appear as the more northern planting of species currently 

found in the extreme southern portion of the zone. By having a preference towards uncommon 
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species, there could also be improvements to forest aesthetics, educational opportunities and 

assisting with the recovery of threatened species. While there is a preference towards uncommon 

species, this is not a requirement. Limitations associated with a preference for uncommon 

species include tree availability, tree cost and concern for browsing issues. Tree species selection 

should be tailored to fit each unique forest impacted by EAB. All plant species mentioned within 

this report are listed in Appendix 1 with both the common and Latin name. 

 

To demonstrate use of the proposed management activity, this project has partnered with 

Conservation Halton. This is the first year that Conservation Halton will underplant stock as a 

restoration opportunity following EAB impacts. Conservation Halton has provided two separate 

sites impacted by severe ash decline to be used as tests for this research proposal. Both sites will 

first undergo an initial inventory, recording conditions such as the tree species present, existing 

basal area, tree community composition, soil texture and moisture conditions, invasive plant 

presence and the distribution of dead ash. After site conditions are recorded, tree species will be 

chosen for each case site based on their unique conditions with a preference for uncommon 

species.  In accordance with Conservation Halton’s planting policy, a maximum of eight species 

will be recommended for underplanting in each study site. 
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3.0 Materials and Methods 

3.1 Selecting a Suitable Site  

Identifying forests suitable for underplanting following ash tree decline from EAB is subjective. 

Site conditions, existing understory regeneration (naturally occurring and planted stock), and 

forest composition are some of the key factors that highlight the need for restorative 

underplanting. The driving reason for public organizations such as towns and conservation 

authorities to remove dead or dying ash trees, is public health and safety concerns (Hajnal 

Kovacs, Conservation Halton, personal communication, 2020). Areas with a high density of 

standing dead or dying ash near high-use areas in public forests or near assets (such as trails, 

parking lots, roadways, hydro lines and property boundaries) are prioritized for removals as they 

pose a potential falling tree risk to the public and assets.  

The second most important factor in identifying areas suitable for underplanting is ash density. 

Areas with a high density of ash trees should be prioritized over areas with a low density. The 

amount of natural regeneration present in the affected area will impact the need for 

underplanting. If an area that has been affected with ash decline is found to have adequate 

natural regeneration of suitable species, there may be no need for underplanting. Areas with a 

high density of invasive plants such as dog strangling vine (Vincetoxicum rossicum), garlic 

mustard (Alliaria petiolata) and buckthorn (Rhamnus spp.) that threaten the restoration of the 

forest should be prioritized over areas with a low density or no presence of invasive plants. 

If an area impacted by ash decline has relatively few tree species (ex. conifer plantation), there 

may be a need to prioritize it over an area with more tree species (ex. mature forest) because it 

will likely suffer from a compromised ability to resist and recover from disturbance. Other 
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factors that may influence selecting a site for underplanting include areas with a special 

designation (environmentally sensitive area, area of natural and scientific interest, etc.), areas 

that are known to or could possibly support species at risk and areas with significant or special 

aesthetic, recreational, cultural, religious or educational value. When selecting an area to be 

underplanted the planting area be variable, but it is suggested that the site be no more than 40 

acres (161,874 m2). In lieu of surveying and underplanting large(r) areas such as complete forest 

tracts treated as a single site, it is instead recommended to take the approach of multiple, smaller 

sites. Though area is subjective, this size is recommended because it will likely allow for a 

complete site survey to be completed within one working day (seven hours) that is undertaken 

with a fine degree of detail. A detailed site survey may encourage the selection of tree species for 

underplanting to be better matched with site conditions than if the sites were larger and surveys 

were undertaken with less focus on specific site details. 

When considering areas for underplanting (even sites within a single forest tract) it is 

recommended to create a list of potential sites where underplanting is deemed necessary. After 

these potential sites have been identified, characteristics related to the need of underplanting 

should be considered in order of listed priority, either from known information or preliminary 

surveys. Sites selected to be underplanted should have short and long-term measurable goals, 

specific to the area.  
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3.2 Site Conditions 

After a site is selected for underplanting, site characteristics should be surveyed so that tree 

species can be selected that are most likely to be successful in the impacted area. Characteristics 

of the impacted area that should be recorded include all living tree species present in the area and 

the community composition of trees. A tree identification reference (tree key, tree dichotomous 

key, etc.) should be used such as Petrides (1998) in case a species cannot be identified. Spatial 

distribution of dead ash trees and a basal area assessment excluding ash trees should be 

completed. Soil conditions such as soil texture and soil moisture should also be recorded, as well 

as information about any invasive plants present in the area. An overarching theme related to the 

methods of this proposal is to minimize the number of tools and materials needed. Potentially 

confusing terms used throughout this Section are defined in text and/or in Appendix 2.  

3.2.1 Existing Tree Species 

Existing tree species present in the affected area should be recorded. This should be completed 

by walking transects through the area, recording all tree species present within the impacted area. 

Transects should be straight lines through the site, starting from one side and working over to the 

other side. Distance between transects can be variable depending on site conditions, primarily 

being based on visibility. Ideally, adjacent transect lines should be just visible. By recording all 

existing tree species in the area, the tree species richness can also be known. If tree(s) cannot be 

identified, the tree identification reference should be used. If the tree still cannot be identified 

then pictures should be taken of tree features (as applicable); bark, growth form, leaves, buds, 

flowers and any distinct or unique characteristics or features. These should be photographed so 

the tree species can be identified at a later time, with pictures to reference. 
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3.2.2 Tree Community Composition 

Establishing an area’s existing tree community composition should be performed next. 

Recording the area’s tree community composition should be completed while recording the areas 

existing tree species. While walking transects through the area, the surveyor should make note of 

the common, less common and locally rare tree species that form the super canopy, canopy and 

understory, when applicable (Anon, 1999). Common tree species can be defined as the most 

populous tree species within an area. Less common tree species can be defined as less dominant 

species present in the area, but with more of a presence than the locally rare species which are 

very uncommon. The super canopy (also known as the “emergent layer”; refer to Figure 5) can 

be defined as the largest trees in the area, emerging through the canopy. The canopy can be 

defined as the top layer of mature trees, casting shade to the understory below. The understory 

can be defined as smaller trees growing underneath the shade of the super canopy and canopy. In 

some areas, one or more of these forest layers may not be present but they should be recorded 

when applicable. Species dominance and canopy layers can be subjective measures, but the 

surveyor should attempt, as accurately as possible, to describe tree dominance and tree canopy 

layer habits within the impacted area.  

 

 

 

 

 
Figure 5: The relative canopy layers of a forest. The super 

canopy is equivalent to the "emergent layer". Available from 
https://www.eleanorpalmer.camden.sch.uk/home-
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3.2.3 Distribution of Dead Ash 

The distribution of dead ash (standing, stumps, felled, etc.) should also be recorded while 

walking transects through the affected area. The distribution of dead ash will impact how much 

sunlight can reach the forest floor and thus planted stock. For example, if ash trees were the 

overwhelmingly predominant species (resembling a monoculture) in an area, then the loss of that 

species could emulate a clear-cut harvest, which can be defined as removing all or the vast 

majority of trees from a defined area. In this case, the forest floor would receive full sunlight, 

promoting intolerant tree species. 

The deaths of ash trees that grew 

in groups could resemble group 

selection cutting, which is a form 

of patch cutting that 

predominately results in partial to 

full sunlight reaching the forest 

floor (Raymond et al., 2003), 

depending on the size of the ash 

group. If ash grew in groups, then 

the pockets of open canopy would 

promote partially tolerant trees 

and to a lesser extent, intolerant 

trees (Leak & Filip, 1977; 

Murphy et al., 1993). The death of 

ash trees that were more evenly 

Figure 6: Comparing tolerant, mid-tolerant and intolerant tree species. 
Available from: 

http://www.lrconline.com/Extension_Notes_English/pdf/Forestry%20Te
rms%20Fact%20Sheet.pdf 
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distributed in an area could resemble single-tree selection harvesting which is a low intensity 

harvesting method where only selected individual trees are felled. Single-tree selection 

harvesting creates a preferential habitat for shade tolerant tree species (Neuendorff et al., 2007). 

Figure 6 illustrates the differences between tolerant, mid-tolerant and intolerant trees.  

3.2.4 Existing Basal Area 

The basal area of the impacted area excluding ash should be measured to estimate remaining 

stem density following ash decline. Measurement of the basal area of the impacted area can be 

done in a variety of ways, so methods can be flexible (Anon, 2010a). Once basal area for the 

impacted area is determined, it can be compared with the basal area target for the impacted area. 

Information gathered while recording basal area plots can also be used to help confirm 

information recorded regarding the existing tree species present in the area and the tree 

community composition. 

3.2.5 Soil Texture 

Soil texture can be tested in the field through a variety of different ways (Whiting et al., 2005); 

methods can be flexible. Soil texture can also be inferred by the tree species present in the area 

and the community composition. For example, if soil tests indicate an area to be primarily sand, 

then the dominant presence of tree species that prefer growing in sandy soil can help confirm an 

accurate soil texture test. Soil inventories are sometimes commissioned by public environmental 

organizations to be performed on their lands and thus it may be beneficial to see if one exists for 

the selected area.   
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3.2.6 Soil Moisture 

Soil moisture can also be tested in a variety of ways and again, methods can be variable 

(Johnson, 1992). Soil moisture can also be predicted through a visual inspection of the forest 

floor and can be inferred by the tree species present in the area and the herbaceous community 

composition. For example, if soil tests and a visual inspection indicate the area to be wet then the 

dominant presence of tree species that prefer wet growing conditions can help confirm an 

accurate soil moisture survey. Soil inventories are sometimes commissioned by public 

environmental organizations to be performed on their lands and thus it may be beneficial to see if 

one exists for the selected area prior to surveying.   

3.2.7 Invasive Plants 

While completing transects of the impacted area, invasive plants should be recorded. Invasive 

plants can be defined as plant species not native to the region they are inhabiting with the 

potential to outcompete native plants, reducing biodiversity.  

Characteristics that should be recorded include the invasive plant species, location, density, and 

maturity (particularly relevant for invasive trees). It is recommended to use a global positioning 

system (GPS) device to map this information, however aerial imagery could also be employed. 

This information can be used to create detailed maps on invasive plants in the impacted area and 

can also be used to determine if invasive plant control is required, how it should be carried out 

and for which species.  
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3.3 Tree Species and Sourcing 

After site conditions have been recorded, tree species should be selected that adhere to the 

guidelines in Section 2.6 and suit the sites conditions. Tree species selected for underplanting 

may also be influenced by the judgement of the individual(s) undertaking this project, if it is 

believed that certain tree species will perform better than others at an impacted site. Tree species 

selection may also be influenced by management goals for the particular area, threat from 

browsing damage, tree cost and availability.  

Once appropriate tree species have been selected for the impacted area, the trees should be 

properly sourced. It is a well-accepted principle to use locally seed-sourced trees to increase the 

probability of tree survival, as local trees are generally well adapted to local environments 

(Whittet et al., 2016). This principle is known as local provenancing. An emerging sourcing 

strategy called predictive provenancing is when trees of the desired species are sourced from a 

distant area in anticipation of climate change projections for the area (Breed et al., 2013). 

Predictive provenancing suggests that these distantly sourced trees will display an improved 

performance over locally sourced trees under a changing climate. It is suggested that when 

possible, sourcing for trees combines the strategies of local and projected provenancing. This 

strategy, known as composite provenancing uses mainly locally adapted trees with some distant 

sources as well (Broadhurst et al., 2008), in an effort to mimic natural gene flow patterns (Breed 

et al., 2013), thus attempting to preserve the benefits of both local and predictive provenancing.  
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3.4 Setting Specific Measurable Goals for the Selected Site 

After a site is selected, conditions are recorded and tree species are chosen to underplant, 

measurable goals should be created that will determine how successful the project is. The 

overarching goal for underplanting trees in response to ash decline is to restore forest health, 

which has no direct measurable. Measuring forest health may be a subjective process, thus 

different organizations or entities undertaking this management activity may determine the 

degree of success in different ways. Due to the long-term nature of this project, measurable long-

term and short-term goals should be established. Site-specific planting methods to increase 

survivorship should also be identified. 

3.4.1 Increasing Planted Stock Survivorship 

After tree species are selected for underplanting, protocols outlined in Section 2.6 related to 

‘high-quality’ planting should be decided upon. These protocols (e.g. mulching, rodent guards, 

tree shelters, etc.) should be used depending on site conditions, tree species selected, browsing 

pressure, budget and availability. While survival assessments are being conducted, competing 

vegetation (primarily natural ash regeneration, shrubs, grasses and ferns) within 50 cm should be 

controlled (Hajnal Kovacs, Conservation Halton, personal communication, 2020). Competing 

vegetation can be controlled through a variety of methods; however, it is recommended to be 

controlled mechanically when possible, to minimize the use of pesticides. Competing vegetation 

can significantly reduce planted stock survivorship (Kern et al., 2012; McCormick & Bowersox, 

1997), thus should be controlled.   
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3.4.2 Short-term Goals 

A measurable short-term goal could be recording survival of planted stock. Planted stock 

survival assessments can be carried out in a variety of ways. Often Conservation Authorities 

have an established standard method for conducting survival assessments and so organizations 

can use their own respective method. Based on site conditions and prior to underplanting, a goal 

for planted stock survival should be established. Timing of the survival assessments can be 

variable, but it is recommended they be undertaken one and five years after initial underplanting. 

This timing is recommended because it will provide two relatively early indications of planted 

stock survival that will allow for potential adaptation and restocking, if necessary. Potential 

adaptations can include but are not limited to mulching planted stock that were originally chosen 

to not be mulched, adding rodent guards or tree shelters. If it is decided that the extent of failed 

planted stock warrants replanting, species selection can also potentially be adjusted. For 

example, it may be found that the tree species preferring moist soils have a higher survivorship 

than those preferring dry soils, both of which were initially recommended on the site. Therefore, 

if restocking is decided upon for the site, the tree species preferring moist soil may be selected. 
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 3.4.3 Long-term Goals 

One possible method of determining long-term success could be restoring a site’s stem density to 

a desirable level. This can be measured by comparing the results of the first basal area with 

another basal area assessment completed 25 years after underplanting, at around the same time 

the first took place. When completing a second basal area assessment, the tree species present on 

site and tree community composition should also be recorded as outlined in Sections 3.2.1 and 

3.2.2, respectively. Tree species present and community composition can also be compared to 

the preliminary survey prior to underplanting. Indicators of improved forest health can include a 

stem density falling within the desired range, an increased diversity of tree species present and a 

more evenly distributed tree community composition. A more even tree community composition 

would appear as approximately the same or fewer number of ‘common’ species and more ‘less 

common’ and ‘locally rare’ species. 

3.5 Statistical Analysis 

Most data collected will be preliminary, and thus not subjected to statistical analysis. However, 

data collected in future studies will be statistically analyzed in comparison to data from this 

study. 
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4.0 Work to Date 
 
4.1 Selecting a Suitable Site 
 
Conservation Halton is a partner on this project to investigate a suitable management activity in 

forests in the Carolinian zone of Ontario in the aftermath of EAB attacks. The main contacts 

representing Conservation Halton in this project were Forestry Technicians Ms. Hajnal Kovacs 

and Mr. Adam Baker. Conservation Halton identified two separate sites located in Conservation 

Halton forest tracts (hereby referred to as Site A and Site B) that the proposed management 

activity could be tested on. All information regarding sites and tracts comes from Dwyer (2006). 

 
4.1.1 Site A (Wildflower Woods) 
 

Site A is located in Wildflower Woods (shown in Figure 7). Wildflower Woods is an 

approximately 20-hectare (200,000 m2) forest tract on the northwest corner of Ford Drive and 

Royal Windsor Drive in Oakville, Ontario. Wildflower Woods can be characterized as a mature, 

mixed forest with no interior forest habitat (100-200 m from forest edge). Wildflower Woods 

was originally labelled an environmentally sensitive area (ESA) in 1978. Though it was 

recommended that the ESA status be removed from Wildflower Woods, Halton Region never 

did, thus it remains an ESA. Wildflower Woods is surrounded by a large residential 

development, two major roads and a Ford plant. Wildflower Woods also has an abandoned road 

bisecting the tract. Due to all these factors, in combination with the tracts small size and shape, 

edge effect is high.  
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Site A is an approximately 9.7-hectare (97,125 m2) compartment within Wildflower Woods. Site 

A was selected by Conservation Halton to be a test site due primarily to its high density of dead 

ash trees. Site A was also noted to have very limited natural regeneration and significant erosion 

to the forest floor, exposing bare soil. Due to the urban nature of Wildflower Woods, Site A is 

also considered at high risk from invasive plants.  

4.1.2 Site B (Mount Nemo) 
 

Site B is located in Mount Nemo Escarpment Woods and Extension (Mount Nemo Conservation 

Area AKA Mount Nemo). Mount Nemo is a highly biodiverse, 327-hectare (3.27 km2) protected 

area situated on the Niagara Escarpment in Burlington, Ontario. Mount Nemo has been 

designated an ESA and locally significant wetland as part of the Mount Nemo Wetland 

Complex. The Ministry of Natural Resources and Forestry has also designated Mount Nemo as a 

provincially significant life science area of natural and scientific interest (ANSI) as well as 

provincially significant earth science area of natural and scientific interest. Mount Nemo 

contains a high diversity of vegetation communities, including interior forest habitat (100-200 m 

from forest edge). Mount Nemo is commonly used for recreational activities and is surrounded 

by agricultural land, residential developments, an active quarry, a golf course and roads.  Mount 

Nemo is also adjacent to Nelson Escarpment Woods and in the vicinity of other naturalized 

areas, unlike Wildflower Woods. 

 
Site B is an approximately 20-acre (80,937 m2) compartment within Mount Nemo (both Shown 

in Figure 8). Site B was mainly selected due to a high density of dead ash trees combined with 

the multiple special designations. Site B was also chosen because of a noted lack of natural 

regeneration and its popularity for public use. 
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Figure 7: Site A, Located in Wildflower Woods 
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Figure 8: Site B, Located in Mount Nemo 
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4.2 Site A Conditions 

4.2.1 Existing Tree Species and Tree Community Composition  
 
Site A existing tree species and tree community composition was recorded by walking transects 

approximately 20 m apart. Site A can be described as a mature mix of deciduous and coniferous 

tree species. Tree species were identified by the surveyor through bark, buds and growth form 

using a winter tree key (Gillespie et al., 2016). Canopy habit of each species was recorded by 

field observations and confirmed through information from the Government of Ontario’s Tree 

Atlas (Anon, 2020b). Tree community composition was determined by recording observations of 

each species while walking transects. Invasive plants along with their canopy habit were 

recorded. All tree species, canopy habit, relative dominance and invasive plants recorded in Site 

A can be found in Table 1. Based on existing tree species and tree community composition, Site 

A’s forest type can be broadly considered a mix of “Upland tolerant hardwoods” and “Lowland 

hardwoods” (Elliot, 1998).  
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Table 1: Tree and invasive species found in Site A. Scientific name is in quotation marks.  

Common1 Native 
Tree Species 
(canopy position5) 

Uncommon2 Native 
Tree Species 
(canopy position) 

Rare Native3 Tree 
Species (canopy 
position) 

Invasive Plants4 
(canopy position) 

Eastern white pine 
“Pinus strobus” (super 
canopy) 

Basswood “Tilia 
americana” (canopy) 

Bur oak “Quercus 
macrocarpa” 
(canopy) 

Buckthorn “Rhamnus 
spp.” (understory) 

Sugar maple  
“Acer saccharum” 
 (canopy) 

Black cherry “Prunus 
serotine” (canopy) 

White spruce “Picea 
glauca” (canopy) 

Tatarian honeysuckle 
“Lonicera tatarica”       
 (understory) 

American beech 
“Fagus grandifolia” 
 (canopy) 

Yellow birch “Betula 
alleghaniensis” 
(canopy) 

Black willow “Salix 
nigra” (canopy) 

Common reed 
“Phragmites australis” 
(understory) 

Red maple  
“Acer rubrum” 
 (canopy) 

Trembling aspen 
“Populus tremuloides” 
(canopy) 

Serviceberry 
“Amelanchier spp.” 
(understory) 

Wintercreeper 
“Euonymus fortunei” 
(understory)  

Ironwood “Ostrya 
virginiana” 
(understory) 

American elm “Ulmus 
americana” (canopy) 

Blue beech “Carpinus 
caroliniana” 
(understory) 

 

Alternate-leaved 
dogwood “Cornus 
alternifolia” 
(understory) 

Common apple 
“Malus pumila” 
(understory) 

Butternut “Juglans 
cinerea” (canopy) 

 

Red oak “Quercus 
rubra” (canopy) 

Hawthorn “Crataegus 
spp.” (understory) 

Pin oak “Quercus 
palustris” (canopy) 

 

 White birch “Betula 
papyrifera” (canopy) 

Bitternut hickory 
“Carya cordiformis” 

 

Relative tree dominance is estimated by surveyor and can be confirmed through tree abundance data 
collected while conducting basal area assessments. 1Common tree species are the most populous tree 
species. 2Less common tree species are less dominant, but with more of a presence than the 3rare species 
which are very uncommon. 4Invasive plants are not native to the region (in this case Halton Region) they 
are inhabiting with the potential to outcompete native plants, reducing biodiversity. 5The super canopy is 
the largest trees in the area, emerging through the canopy. The canopy is the top layer of mature trees. 
The understory can be defined as smaller trees growing underneath the shade of the super canopy and 
canopy. 
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4.2.2 Distribution of Dead Ash 
 

Once a major component of Site A’s canopy, virtually all mature ash trees were killed by EAB, 

felled and removed by January of 2020. Ash trees in Site A primarily grew in clumps of varying 

sizes, thus following ash removal there are now scattered pockets of open canopy space. As 

discussed in Section 3.2.3, partially tolerant tree species would prefer groups of open canopy. In 

order to account for the relatively fewer instances of single tree removals and larger canopy gaps, 

some of the trees recommended for underplanting should be capable of growing in little direct 

sun and full direct sun, respectively.  

4.2.3 Existing Basal Area 
 

Basal area (BA) assessments were performed on January 31, 2020 by David Tidman and Trevor 

Paul. The BA was assessed by recording 10 plots sites following Conservation Halton BA 

assessment guidelines. Though these guidelines are not available to include in this report, they 

consist of filling in the form found in the Appendix (item 3), following instructions outlined by 

Anon (2003) using a wedge prism with a basal area factor (BAF) of two (2). Ontario Woodlots 

also provide description and background on BA assessments. The decision to conduct ten basal 

area assessments was decided by Conservation Halton, as ten replicates was determined to be 

appropriate for the size of Site A. Plot locations were aimed to be as random as possible while 

accounting for the varying topography of Site A. The resulting basal area for Site A was 27.2, 

with all associated information in Table 2. Basal area target information found in Table 2 has 

been established by Conservation Halton.  
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Table 2: Basal area data summarized and compared with goals 

DBH (cm) (10 - 24) (26 – 38)  (40 – 48) 50+ Total 

Site A BA (m2/ha) 4.4 4.0 3.4 15.4 27.2 

Goal BA (m2/ha) 4.0 6.0 5.0 5.0 20 - 22 

 
 
4.2.4 Soil Moisture and Texture 

 
Soil moisture was found to be moist to wet (50–100% available soil moisture), following the 

USDA’s “Estimating Soil Moisture by Feel and Appearance” field testing guide (Anon, 1998) 

based on five random samples from each site. This was confirmed by the surveyor recording soil 

moisture conditions as moist to wet based on a visual inspection of the forest floor and inferred 

from tree species composition. Soil texture was also surveyed following the Province of British 

Colombia’s “Estimating Soil Texture in the Field” (Anon, 2001) using the same five samples. At 

site A, one sample was sandy clay loam, one sample was silty clay loam, two samples were clay 

loam and one sample was heavy clay. These field tests were partially supported by a “Natural 

Areas Inventory” that was conducted by Conservation Halton in 2006 which recorded Site A as 

approximately 10% “Bottomland” (poorly drained), 40% “Brady sandy loam” (imperfect 

drainage) and 50% “Cooksville clay” (well drained) (Dwyer, 2006).  
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4.2.5 Invasive Plants 
 
Invasive plants found within Site A during the survey are listed in Table 1 and locations can be 

seen in Figure 9. Invasive plant control is recommended to be undertaken for buckthorn as it may 

spread vigorously post-disturbance and as such poses a threat to planted stock and natural 

regeneration of native trees (Anon, 2020d). The single wintercreeper plant should be manually 

removed, as it may also pose a threat to planted stock and natural regeneration due to its 

tolerance for shade. Removal of honeysuckle and common reed is not recommended at this time 

because they likely do not pose a risk to planted stock or natural regeneration. Common reed will 

likely be limited to the area of standing water on the eastern edge and honeysuckle is only a 

threat in areas of full sunlight (Tassie & Sherman, 2014). Invasive plants in Site A should be 

monitored as populations may react positively to disturbed conditions thus promote the need for 

management (Lembrechts et al., 2016). 
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Figure 9: Invasive Plants Surveyed in Site A 
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4.2.6 Tree Species and Sourcing  

All the information regarding the trees selected is from The Tree Atlas (Anon, 2020b) University 

of Texas’s Plant Database (Anon, 2020c) and Fire Effects Information System (Anon, 2019d). 

Information regarding the status of trees in Halton Region comes from Conservation Halton. 

Information about threat from deer browsing has been supplemented with Steiner (2011). 

Following Conservation Halton guidelines, eight tree species recommended for underplanting 

within Site A can be found in Table 3 in no particular order of priority.  

Sourcing for the tree species listed in Table 3 should also be considered. In accordance with 

composite provenancing (outlined in Section 3.3), trees planted in Site A should be mainly 

locally sourced with the rest being distantly sourced from an area in anticipation of climate 

change. Therefore, it is recommended that ~75% of each chosen species should be sourced from 

zone 6a (zone containing Site A and Site B) and the remaining ~25% should be sourced from a 

plant hardiness zone 6b. 
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Table 3: Tree species recommended for underplanting in Site A. 

Tree species1 Shade 
tolerance2 

Soil 
moisture 
preference3 

Mature height 
and foliage 
habit4 

Threat 
from deer 
browsing5 

Wildlife 
benefit6 

Status7 

Swamp white oak 
(Quercus bicolor) 
 

I-P M-W 22 m and D L B, M P=R 
L=R  

Northern 
hackberry (Celtis 
occidentalis) 
 

I-T D-W 15 m and D L  B, Bu, 
M, R 

P=C 
L=R 

Sycamore 
(Platanus 
occidentalis) 
 

I-P M-W 21 m and D L B P=C 
L=R 

Eastern white 
cedar (Thuja 
occidentalis) 

I-T M 15 m and C M B, M P=C 
L=R 

Eastern hemlock 
(Tsuga 
canadensis) 

P-T M 30 m and C L B, Bu, 
M 

P=C 
L=R 

Striped maple 
(Acer 
pensylvanicum) 

P-T M 10 m and D L M, Be P=C 
L=R 

Blue beech 
(Carpinus 
caroliniana) 

I-T M-W 8 m and D L B, Bu, 
M 

P=C 
L=R 

Pawpaw 
(Asiminia triloba) 

P-T M-W 10 m and D L B, Bu, 
M 

P=C 
L=R 

1 Common name and scientific name in italics.  

2 I = Intolerant, P = Partial tolerance, T= Tolerant.  

3 W = Wet, M = Moist, D = Dry.  

4 C = Coniferous, D = Deciduous.  

5 L = Low, M = Medium, H = High.  

6 B = Birds, Bu = Butterflies, Be = Bees, M = Mammals, R = Reptiles.  

7 P = Provincially, L = Locally, C = Common, UC = Uncommon, R = Rare/locally absent, E = Endangered.  
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4.3 Site B Conditions 
 

4.3.1 Existing Tree Species and Tree Community Composition 
 

Site B existing tree species and tree community composition was recorded by walking transects 

approximately 20 m apart. Site B can be described as a mature mix of deciduous and coniferous 

tree species. Tree species were identified by the surveyor through bark, buds and growth form 

using a winter tree key (Gillespie et al., 2016). Canopy habit of each species was recorded by 

field observations and confirmed through information from the Government of Ontario’s Tree 

Atlas (Anon, 2020b). Tree community composition was determined by recording observations of 

each species while walking transects. Invasive plants along with their canopy habit were 

recorded. All tree species, canopy habit, relative dominance and invasive plants recorded in Site 

B can be found in Table 4. Based on existing tree species and tree community composition, Site 

B’s forest type can be broadly considered as “Upland tolerant hardwoods” (Elliot, 1998). 
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Table 4: Tree and invasive species found in Site B. Scientific name is in quotation marks. 

Common1 Native Tree 
Species (canopy 
position5) 

Uncommon2 Native 
Tree Species (canopy 
position) 

Rare3 Native Tree 
Species (canopy 
position) 

Invasive4 Plants 
(canopy position) 

Sugar maple “Acer 
saccharum” (canopy) 

Red maple “Acer 
rubrum” (canopy) 

Eastern white cedar 
“Thuja occidentalis” 
(canopy) 

Black locust “Robinia 
psuedoacacia” (canopy) 

Red oak “Quercus 
rubra” (canopy) 

Trembling aspen 
“Populus tremuloides” 
(canopy) 

White spruce “Picea 
glauca” (canopy) 

Manitoba maple “Acer 
negundo” (canopy) 

Alternate-leaved 
dogwood “Cornus 
alternifolia” 
(understory) 

Common apple 
“Malus pumila” 
(understory) 

Yellow birch “Betula 
alleghaniensis” 
(canopy) 

Tatarian honeysuckle 
“Lonicera tatarica”  
 (understory) 

Ironwood “Ostrya 
virginiana” 
(understory) 

Eastern white pine 
“Pinus strobus” (super 
canopy) 

Shagbark hickory 
“Carya cordiformis” 

Winged euonymus 
“Euonymus alatus” 
(understory) 

White birch “Betula 
papyrifera” (canopy) 

Basswood “Tilia 
americana” (canopy) 

Blue beech “Carpinus 
caroliniana” 
(understory) 

 

American beech 
“Fagus grandifolia” 
(canopy) 

Staghorn sumac “Rhus 
typhina” (understory) 

White oak “Quercus 
alba” (canopy) 

 

Black cherry “Prunus 
serotina” (canopy) 

Hawthorn “Crataegus 
spp.” (understory) 

Butternut “Juglans 
cinerea” (canopy) 

 

  Eastern hemlock 
“Tsuga canadensis” 
(canopy) 

 

Relative tree dominance is estimated by surveyor and can be confirmed through tree abundance data 
collected while conducting basal area assessments. 1 Common tree species are the most populous tree 
species. 2Less common tree species are less dominant, but with more of a presence than the 3rare species 
which are very uncommon. 4Invasive plants are not native to the region (in this case Halton Region) they 
are inhabiting with the potential to outcompete native plants, reducing biodiversity. 5The super canopy is 
the largest trees in the area, emerging through the canopy. The canopy is the top layer of mature trees. 
The understory can be defined as smaller trees growing underneath the shade of the super canopy and 
canopy. 
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4.3.2 Distribution of Dead Ash 

 
Site B has also lost a dominant species with the decline of ash from EAB. Virtually all mature 

ash trees have died in Site B, however they have only been felled along 20 m buffers of trails and 

property boundaries, as of March 2020. Ash trees displayed a different growing pattern in Site B, 

growing in a more spatially even distribution than the ash that tended to grow in clumps in Site 

A. Although there were a few clumps of dead ash, most were evenly distributed, leaving behind 

predominately single tree canopy gaps. As discuss in Section 3.2.3, tolerant tree species prefer 

single tree canopy gaps, thus species recommended for underplanting should be predominately 

tolerant. In order to account for the relatively fewer instances of dead ash clumps, some of the 

trees recommended for underplanting should be capable of growing in intolerant or partial 

tolerant sunlight conditions.  

It is recommended by the surveyor to manage the rest of the standing dead ash present in Site B 

prior to underplanting. Whether the dead ash be felled and removed or just felled, it is 

recommended to do this prior to underplanting. It is possible that Conservation Halton eventually 

decides to fell and remove dead ash, and the disturbance associated with harvesting could 

negatively impact planted stock.  
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4.3.3 Existing Basal Area 
 

Basal area (BA) assessments were performed on January 31, 2020 by David Tidman and Trevor 

Paul following the same methods outlined in Section 4.2.3. The resulting basal area information 

for Site can be found in Table 5. Basal area target information has been established by 

Conservation Halton. It should be noted that prior to this project, a harvest had already been 

planned for Site B. The planned harvest was motivated because it was previously documented by 

Conservation Halton and confirmed by the BA assessment (refer to Table 5) that the 

compartment is ready to be harvested because the actual BA (30.4) is ~1/3 above goal BA (20-

22) (Adam Baker, Conservation Halton, personal communication, 2020) 

 

Mount Nemo has also been designated as an area of natural and scientific interest (ANSI) 

because of the significant red oak population. However, red oak regeneration in Mount Nemo 

has declined, putting the ANSI designation of Mount Nemo in jeopardy (Adam Baker, 

Conservation Halton, personal communication, 2020). Therefore, Site B is being harvested and 

replanted with red oak saplings (shown in Table 5) in order to help preserve Mount Nemo’s 

ANSI status.  

 

Table 5: Basal area data summarized and compared with goals 
DBH (cm) (10 - 24) (26 – 38)  (40 – 48) 50+ Total 

Site A BA 
(m2/ha) 

7.8 10.2 7.4 5 30.4 

Goal BA 
(m2/ha) 

4.0 6.0 5.0 5.0 20 - 22 
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4.3.4 Soil Texture and Moisture 
 

Soil moisture was found to be moist (25-75% available soil moisture), following the USDA’s 

“Estimating Soil Moisture by Feel and Appearance” field testing guide (Anon, 1998) based on 

five random samples. This was partially confirmed by the surveyor recording soil moisture 

conditions were primarily moist with patches of dry soil based on of a visual inspection of the 

forest floor and inferred from tree species composition. Soil texture was also surveyed following 

the Province of British Colombia’s “Estimating Soil Texture in the Field” (Anon, 2001) using 

the same five samples. While conducting these tests, it was observed that there was only a 

relatively thin layer of soil present before hitting rock. This observation was supported by a 

“Natural Areas Inventory” that was conducted by Conservation Halton in 2006 which recorded 

Site B as 100% “Rockland”, defined as consolidated bedrock within 100 cm of surface (Anon, 

2020A; Dwyer, 2006). All five samples of soil that were tested were found to be clay.  

 

4.3.5 Invasive Plants 
 
Invasive plants found within Site B are listed in Table 4 and locations can be seen in Figure 10. 

At this time, invasive plant control is only recommended for winged euonymus, as its ability to 

tolerate shade and spread vigorously post-disturbance (Wenning, 2012) poses a risk to planted 

stock and natural regeneration. Black locust will likely not be able to colonialize a mature forest 

due to its intolerance for shade (Warne, 2016). A lack of shade tolerance will also most likely 

deter honeysuckle and Manitoba maple from colonializing the forest. Invasive plants in Site B 

should be monitored as populations may react positively to disturbed conditions and thus 

promote the need for management (Lembrechts et al., 2016). 
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Figure 10: Invasive Plants Surveyed in Site B 
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4.3.6 Tree Species and Sourcing 

References used to provide information about tree species selected for Site B are outlined in 

Section 4.2.6. Eight tree species recommended for underplanting within Site B can be found in 

Table 6 in no particular order of priority.  

Sourcing for tree species should follow the same paradigm as outlined in Section 3.3 and 4.2.6. 

Black knot (Dibotryon morbosum), a fungus that negatively impacts cherry species (Anon, 

2014b) was noted to be abundant in Site B. This noted abundance is a reason not to plant cherry 

species. 
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Table 6: Species recommended to be underplanted within Site B. 

Tree species1 Shade 
tolerance2 

Soil 
moisture3 

Mature 
height and 
foliage 
habit4 

Threat 
from deer 
browsing5 

Wildlife 
benefit6 

Status7 

Sassafras (Sassafras 
albidium) 

I-T D-M 15 m and D H B, Bu, M P=R 
L=R 

Red mulberry 
(Morus rubra) 

I-T M 9 m and D H B, Bu, M,  P=E 
L=R 

Northern hackberry 
(Celtis occidentalis) 

I-T D-W 15 m and D L  B, Bu, M, 
R 

P=C 
L=R 

Eastern white cedar 
(Thuja occidentalis) 

I-T M 15 m and C M B, M P=C 
L=R 

Eastern hemlock 
(Tsuga canadensis)  

P-T M 30 m and C L B, Bu, M P=C 
L=R 

Serviceberry 
(Amelanchier spp.) 

I-P D-M 12 m and D L B, Be, M P=C 
L=R 

American mountain 
ash (Sorbus 
americana) 

I-P D-M 10 m and D H B, Be, M P=C 
L=R 

Red oak (Quercus 
rubra) 
 

I-P D-M 30 m and D L B, Bu, M P=C 
L=C 

1 Common name and scientific name in italics.  

2 I = Intolerant, P = Partial tolerance, T= Tolerant.  

3 W = Wet, M = Moist, D = Dry.  

4 C = Coniferous, D = Deciduous. L = Low, M = Medium, H = High.  

5 L = Low, M = Medium, H = High.  

6 B = Birds, Bu = Butterflies, Be = Bees, M = Mammals, R = Reptiles.  

7 P = Provincially, L = Locally, C = Common, UC = Uncommon, R = Rare/locally absent, E = Endangered.  
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5.0 Work to Do 

The long-term nature of the proposed management activity and limited timing of this major 

research project (four months) means that the hands-on portion of this project will be completed 

following the major research project. Underplanting is scheduled to take place in April/May of 

2020 and assessment of success will be completed at varying later dates.  

5.1 Increasing Planted Stock Survivorship 

5.1.1 Site A 

Threats to planted stock in Site A will necessitate planting protocols to increase survivorship. 

Site A has been noted to have erosion on the forest floor, exposing bare soil. Conservation 

Halton has indicated that threat from deer browsing is low, but threat from small mammal 

browsing is high. In accordance with these threats, trees planted on areas of exposed soil or areas 

with little forest floor (up to the discretion of the planter) should be mulched. Small mammals 

tend to prefer browsing planted hardwoods over softwoods (Hajnal Kovacs, Conservation 

Halton, personal communication, 2020) and as such should have a rodent guard equipped (as 

shown in Figure 11). Competing vegetation within 50 cm should be controlled at time of planting 

and while follow-up survival assessments are being completed. If planted stock are in microsites 

of intense competition from other vegetation (at the discretion of the planter), a coir mulch mat 

(as shown in Figure 12) could be placed around the tree in an attempt to reduce competition. 
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Figure 11: An example of a rodent guard that can be placed 
on trees to prevent small mammal browsing. Available from: 
https://www.amazon.com/Dimex-EasyFlex-Plastic-Protectors-
1131-6C/dp/B0026T3AVY?ref_=fsclp_pl_dp_1 

Figure 12: Coir mulch mats can be placed around planted 
saplings to reduce competition from vegetation. Available from: 
https://twitter.com/RideauValleyCA/status/99419930220026675
2 
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 5.1.2 Site B 

Threats to planted stock in Site B will necessitate slightly different planting protocols to increase 

survivorship. Site B has been noted to have a large threat of deer and small mammal browsing. 

To reduce browsing threat, it is recommended to equip planted hardwoods with a rodent guard 

and a tree shelter (as shown in Figure 13) (Strobl, 2000). Site B also has a high density of natural 

ash regeneration that could pose a 

threat to planted stock. Competing 

vegetation should be controlled at 

the time of planting and while 

follow-up survival assessments are 

being conducted. Coir mulch mats 

should be used at the discretion of 

the planter.  

 

 

 

 

 

 

 

 

 

Figure 13: An example of a tree shelter that can be used to help deter deer 
and small mammal browsing. Available from: https://www.forestry-
suppliers.com/product_pages/products.php?mi=26241&itemnum=17007 
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5.2 Short-term Goals 

 5.2.1 Site A 

A proposed short-term goal for Site A is measuring planted stock survivorship after the first and 

fifth growing season(s). Planted stock survivorship can be determined by completing a survival 

assessment (Anon, 2010b) on 10% of the planted stock (Conservation Halton standard). The 

underplanting in Site A can be considered successful if planted stock have a survivorship of at 

least 80%. The goal of 80% survivorship for planted stock in Site A has been established by 

Conservation Halton.  

 5.2.2 Site B 

The short-term goal for Site B will be the same as Site A (outlined in Section 5.2.1) however, the 

goal is set at 60% survivorship. The goal (also established by Conservation Halton) is lower in 

Site B than Site A because of the heightened threat of deer browsing (Adam Baker, Conservation 

Halton, personal communication, 2020). 
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5.3 Long-term Goals 

5.3.1 Site A 

The underplanting in Site A can be considered a success if the basal area (BA) is restored to goal 

levels set by Conservation Halton. The follow-up BA assessment should be completed 25 years 

after the initial assessment approximately when the preliminary assessment was completed. 

Therefore, if a BA assessment conducted in January or February of 2045 indicates the BA goals 

(refer to Table 2) have been reached then stem density has been restored. Restoring Site A’s stem 

density while also increasing the diversity of tree species present and a more evenly distributed 

tree community composition (described in Section 3.4.1) would indicate the underplanting 

project a success.  

Conservation Halton will also be determining the success of underplanting through a secondary 

long-term measurable goal. Planted stock at the time of planting will be tagged. During the one-

year survival assessment, 10 fixed plots will be established that contain planted stock with a GPS 

point in the centre. 15 years after planting, these 10 fixed area plots will be examined within Site 

A. All GPS marked trees (indicating they were planted during this project) within plots will have 

diameter at breast height (DBH) measured. If 65% of the planted trees that survived past both 

survival assessments have a DBH greater than 5 cm, the project can be considered successful 

(Adam Baker, Conservation Halton, personal communication, 2020). The marker has been set at 

5 cm DBH because it is believed by Conservation Halton that this would indicate tree 

recruitment into the lower to mid canopy. 
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5.3.2 Site B 

The underplanting in Site A can be considered a success if the basal area is restored to goal 

levels (refer to Table 5), following the same methods outlined in Section 5.3.1.  

Conservation Halton will also be determining the success of underplanting through their 

secondary long-term measurable goal (methods in Section 5.3.1). However, the marker to 

consider Site B a success is by having 50% of planted stock reach 5 cm DBH. The lowered goal 

in Site B is in response to the heightened threat of deer browsing (Adam Baker, Conservation 

Halton, personal communication, 2020).  

5.4 Statistical Analysis for Sites A and B 

 

Statistical analysis will be conducted where appropriate. Means and standard deviation and 

potentially analysis of variance will be used to compare different sites geographically and 

temporally. 
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6.0 Summary 

The Emerald Ash Borer (EAB) is an invasive insect killing millions of ash trees in Canada, 

particularly in the Carolinian zone of Ontario which is inhabited by all Fraxinus species native to 

Canada. This Major Research Project (MRP) attempts to address a lack of in-situ management 

options available to forest managers that can be performed in response to ash decline from the 

EAB. The management activity proposed is a high quality underplanting of native, preferentially 

uncommon, tree species in forests impacted by ash decline.  

 

Underplanting can be defined as the act of planting stock in an established forest. For an 

underplanting to be described as high quality, appropriate planting protocols should be 

undertaken to maximize the likelihood of planted stock survival (e.g. mulch, rodent guards, tree 

shelters, etc.). Planting protocols may not always be the same and should be tailored to specific 

site needs. Native trees should be chosen over exotic trees because they will provide greater 

benefit to wildlife. Uncommon tree species are preferred because they may increase the 

resistance and resilience of forests to future disturbances, in line with the diversity-hypothesis 

theory that mandates diverse ecosystems are more stable than ecosystems with fewer species. 

Uncommon tree species can be defined as provincially rare and/or endangered or species that are 

locally rare or absent. Utilizing uncommon tree species may also present opportunities to aid in 

assisted migration programs. Assisted migration can be defined as the relocation of a species that 

may not be able to move fast enough by itself, in response to climate change. In the Carolinian 

zone, assisted migration programs may consist of planting tree species in areas more north of 

their historical range. A preference towards uncommon species may also lead to improvements 

to forest aesthetics, educational opportunities and assisting with the recovery of threatened 
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species. Limitations associated with a preference for uncommon species include tree availability, 

tree cost and concern for browsing issues. 

 

Selecting areas to be underplanted is subjective, but there are several characteristics that should 

be considered including any potential risk to the public, the density of ash trees, amount and 

species of natural regeneration, presence and/or threat of invasive plants and native tree species 

richness and composition. Other factors that may influence selecting a site for underplanting 

include areas with a special designation (environmentally sensitive area, area of natural and 

scientific interest, etc.), areas that are known to or could possibly support species at risk and 

areas with significant or special aesthetic, recreational, cultural, religious or educational value.  

 

When determining the area to be underplanted, it is suggested that the site be no more than 40 

acres (161,874 m2). Underplanting smaller areas will allow for an initial site survey to be 

completed in a day with a fine degree of detail. A detailed site survey may encourage the 

selection of tree species for underplanting to be better matched with site conditions than if the 

sites were larger and surveys were undertaken with less focus on specific site details. When 

considering areas for underplanting it is recommended to create a list of potential sites where 

underplanting is deemed necessary. After potential sites have been identified, characteristics 

related to the need of underplanting should be considered in order of listed priority, either from 

known information or preliminary surveys.  
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Characteristics of the impacted area that should be recorded in the surveys include all native tree 

species present in the area and the community composition of trees. A tree identification 

reference (tree key, tree dichotomous key, etc.) should be used in case a species cannot be 

identified. Spatial distribution of dead ash trees and a basal area assessment excluding ash trees 

should be completed. Soil conditions such as soil texture and soil moisture should also be 

recorded, as well as information about any invasive plants present in the area. Short- and long-

term goals should be established for sites to determine if the underplanting can be considered a 

success. Trees selected to be planted should be sourced following the composite sourcing 

strategy; planting mostly locally sourced stock with the rest being sourced from a distant area in 

anticipation of climate change. 

 

This MRP partnered with Conservation Halton, who provided two separate stands (referred to as 

Site A and Site B) impacted by ash decline to demonstrate the use of the proposed activity. Both 

stands were surveyed in order to establish site conditions that would influence selection of tree 

species to be underplanted.  

 
Site A was surveyed and found to be a mix of “Upland tolerant hardwoods” and “Lowland 

hardwoods”. There were 23 native tree species surveyed and four invasive plants. Buckthorn 

(Rhaminus spp.) and winterberry (Euonymus fortunei) are the most notable invasive species and 

should be controlled as they pose a threat to planted stock and natural regeneration. Ash trees 

that grew in Site A (that have been removed) primarily grew in clumps. Following removal, 

there are now pockets of open canopy that receive moderate amounts of direct sun light that 

would promote partially tolerant tree species. A basal area (BA) assessment revealed Site A 
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(27.2) to be above target BA levels (20-22). Soil moisture conditions were found to be moist to 

wet with the texture being predominantly clay loam.  

 

Site B was surveyed and found to be “Upland tolerant hardwoods”. There were 22 native tree 

species surveyed and four invasive plants. Winged euonymus (Euonymus alatus) is the most 

notable invasive species and should be controlled as it poses a threat to planted stock and natural 

regeneration. Ash trees that grew in Site B primarily grew evenly distributed. Though the ash 

present in Site B have died, they have only been felled within 20 m buffers of trails and property 

boundaries. It is recommended to manage ash in Site B before underplanting as managing the ash 

following underplanting may disturb the planted stock. The deaths of ash that displayed spatially 

even growing patterns left single tree canopy gaps that receive little direct sun light that would 

promote tolerant tree species. A basal area assessment revealed Site B to be ready to harvest, as 

the actual BA (30.4) is approximately 1/3 over the goal BA levels (20-22) (Adam Baker, 

Conservation Halton, personal communication, 2020).  Soil moisture conditions were found to 

be predominately moist with the soil texture being a layer of clay over consolidated bedrock.  

 

Based on specific site conditions surveyed, eight tree species (in accordance with Conservation 

Halton guidelines) were recommended to be underplanted for each site. Following tree species 

selection, planting protocols were recommended for each site. Due to the exposed soil, threat of 

small mammal browsing and potentially competing vegetation, stock in Site A should be 

mulched, equipped with rodent guards and coir mulch mats should be placed around trees, as 

necessary. Site B is affected by a high risk of small mammal and deer browsing, as well 

competing vegetation, therefore planted hardwoods should be equipped with a rodent guard and 
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tree shelter and coir mulch mats may be placed around trees, as necessary. These actions are 

scheduled to take place in April of 2020. 

 

Survival assessments will be undertaken after the first and fifth growing season as short-term 

goals for both sites. Site A can be considered a success in the short-term if 80% of planted stock 

surveyed are alive when survival assessments are completed, while Site B can be considered a 

success if 60% of planted stock surveyed are alive when survival assessments are completed. 

The lower goal for Site B is in response to the heightened threat of deer browsing.  

 

One of the long-term goals for Sites A and B is to restore the BA to goal levels. Follow-up BA 

assessment should be completed 25 years after the initial assessment approximately when the 

preliminary assessment was completed. If a BA assessment conducted in 2045 indicates the BA 

goals have been reached, then stem density has been restored. Restoring both sites stem density 

while also increasing the diversity of tree species present and a more evenly distributed tree 

community composition would indicate the underplanting project a success.  

Conservation Halton will also be determining the success of underplanting through a secondary 

long-term measurable goal. The second long-term goal is surveying planted trees that survived 

past both survival assessments to determine whether they have a DBH greater than 5 cm. The 

secondary long-term goal will be measured 15 years after the stock have been planted, with the 

Conservation Halton’s idea being that if the trees are at least 5 cm DBH, they are being recruited 

into the lower to mid canopy. The goal is for 65% of planted stock in Site A to be 5 cm DBH and 

50% in Site B. The lower goal for Site B is in response to the heightened threat of deer browsing. 

Due to the short-term nature of Major Research Project’s (four months), the project will be 
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completed before stock are planted, planting protocols are incorporated, and goals are measured. 

It is the authors hope that all goals will be met for Sites A and B, indicating that the 

underplanting of native, preferentially uncommon tree species may assist in the restoration of 

forests in the Carolinian zone of Ontario. 
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8.0 Appendices 

Appendix 1: Plant species common name and Latin name mentioned in this report. 

Plant species 

Common Name Latin Name 

Alternate-leaved dogwood Cornus alternifolia 

American mountain ash Sorbus americana 

Bitternut hickory Carya cordiformis 

Black ash Fraxinus nigra 

Black cherry  Prunus serotina 

Black locust Robinia pseudoacacia 

Black willow Salix nigra 

Blue ash Fraxinus quadranglata 

Blue beech Carpinus caroliniana 

Bur oak Quercus macrocarpa 

Buckthorn Rhamnus spp. 

Butternut Juglans cinerea  

Common apple Malus pumila  

Common reed Phragmites australis 

Cucumber tree Magnolia acuminata 

Dog strangling vine Vincetoxicum rossicum 

Eastern hemlock Tsuga canadensis 

Eastern white cedar Thuja occidentalis 

Eastern white pine Pinus strobus 

Garlic mustard Alliaria petiolata 

Green ash Fraxinus pennsylvanica 

Manitoba maple Acer negundo  

Northern hackberry Celtis occidentalis 

Pawpaw Asiminia triloba 

Pin oak Quercus palustris 
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Pumpkin ash Fraxinus profunda 

Red maple Acer rubrum  

Red mulberry  Morus rubra 

Sassafras Sassafras albidium 

Serviceberry Amelanchier spp. 

Shagbark hickory Carya cordiformis 

Staghorn sumac Rhus typhina  

Striped maple Acer pensylvanicum 

Sugar maple Acer saccharum  

Swamp white oak Quercus bicolor 

Sycamore Platanus occidentalis 

Tatarian honeysuckle  Lonicera tatarica 

Trembling aspen Populus tremuloides 

White ash  Fraxinus americana 

White birch Betula papyrifera 

White oak Quercus alba  

White spruce Picea glauca 

Winged euonymus  Euonymus alatus 

Winter creeper Euonymus fortunei 

Yellow birch Betula alleghaniensis 
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Appendix 2: Definitions for potentially confusing terms 

General Glossary 

Term Definition 

Adaptive capacity The ability of a forest system to adjust to potential damage 

Assisted migration The relocation of a species that may not be able to move fast enough 
by itself, in response to climate change 

Basal area Unit to describe the stem density (m2/ha) of a defined area 

Dendrochronological 
reconstruction 

Using the remnants of trees to reveal information about their life 
history 

Diameter at Breast 
Height (DBH) 

Diameter of stem measured in cm at breast height (1.37 m off ground) 

Dichotomous key Key that consists of choices that leads to the correct identification of a 
given item 

Diversity-stability 
hypothesis  

The more diverse a given community is, the more stable and 
productive it will be 

Ex-situ Management activity that operates offsite from where an issue occurs 

Functional 
extirpation 

A reduced population no longer plays a significant role in an 
ecosystem and/or the population will not be able to sustain itself due 
to inbreeding/genetic drift and a consequential loss of fitness 

In-situ Management activity that occurs onsite where an issue is occurring 

Invasive/exotic 
plant(s) 

Plant species not native to the Carolinian zone of Ontario, Canada 

Intolerant Plants that require full or nearly full sunlight 
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Lowland hardwoods “In general, the dominant tree species in the lowland hardwood forests 
are silver maple, red maple, green (red) ash, black ash, white elm, 
hemlock, and yellow birch. Other common associates include 
trembling aspen, balsam poplar, basswood, white birch, white cedar, 
balsam fir; red elm, black maple, butternut, white pine, white ash, 
sugar maple, largetooth aspen, and bur oak” (Elliott, 1998) 
 

Natural regeneration Seedlings and saplings present from seeds that fall and germinate on 
site 

Partially tolerant Plants that excel when they receive moderate amounts of direct 
sunlight (in between intolerant and tolerant) 

Phloem Vascular tissue responsible for the transport of sugars from source 
tissues (ex. photosynthetic leaf cells) to sink tissues (ex. non-
photosynthetic root cells or developing flowers) 

Stock Planted saplings or seedlings 

Tolerant Plants that are able to excel with little direct sunlight 

Transect Straight line or narrow section through a natural feature along which 
observations are made or measurements taken 

Upland tolerant 
hardwoods 

“This forest type is usually dominated by one or more of the following 
species: sugar maple, beech, hemlock, red oak, white ash, red maple, 
and black cherry. Common associates on many sites include 
ironwood, basswood, bitternut hickory, white pine, white birch, 
yellow birch, and butternut” (Elliott, 1998) 
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Appendix Item 3: Conservation Halton’s basal area assessment form 
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