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1.0 Introduction 
 
 
Ash trees are one of the most widely distributed genera in North America [10] with a range 
covering major areas in Canada, the United States and Mexico. Since its introduction in the early 
1990’s, the Emerald Ash Borer (EAB) has killed millions of ash in North America, prompting 
the U.S. Forest Service to label EAB as the costliest biological invasion by a forest insect ever 
[14]. 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 [17], the area of focus for this proposal.   
 
Although only comprising 0.25% of Canada’s landmass, the Carolinian zone is home to around 
25% of Canadians [1], while also supporting the most rare and endangered species of any life 
zone in the country [2]. 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 [18]. 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.  
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While impacts of EAB can be observed across forests in the Carolinian zone, in-situ 
management (activities occurring in the field, where ash decline is taking place) has been 
limited. 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 [16]. Biological controls for EAB have 
been experimented with in Michigan, however results are inconclusive [8]. The only in-situ 
management activity that may occur within forests found in EAB management plans is “tree 
planting” with no direction. Other activities commonly being undertaken by government 
environmental organizations in Ontario include monitoring programs, removing dead & dying 
ash, performing public outreach and treating select ash trees with insecticide. Building from the 
proposed action of “tree planting”, the in-situ management activity that will be reviewed in this 
project is the high quality underplanting of uncommon native tree species in forests impacted by 
ash decline from the EAB. 

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 [3]. 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 [6] and won’t outcompete 
natural regeneration and planted stock on site [16]. 

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 red mulberry (Morus rubra) would be considered uncommon because 
they are provincially endangered [4] and sassafras (Sassafras albidium) would also be considered 
uncommon because they are provincially rare [5]. Locally rare or absent species should be 
evaluated on a case-by-case basis.  

Planting uncommon tree species can increase the stability [11] (resistance to disturbance) and 
resilience [12, 20] (ability to recover from disturbance) of forests, in accordance with the 
diversity-stability hypothesis [7, 13, 15]. 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 Item 1 with both the common and Latin name. 

2.0 Materials and Methods 
 

Identifying forests suitable for underplanting following ash tree decline from EAB is subjective. 
Factors that should be considered include understory regeneration (natural and artificial), forest 
composition (species diversity), ash density, invasive plant presence, special designations 
(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). This size is recommended as a complete site 
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survey can 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. After a site is selected for underplanting, 
site characteristics shown in Table 1 should be surveyed so that tree species can be selected that 
are most likely to be successful in the impacted area. Site characteristics should be recorded by 
walking transects through the area.  

Table 1: Characteristics that should be recorded while surveying. 
 

Characteristic(s) to 
be Recorded 

Method Justification 

Tree species and 
community 
composition 

Record tree species in the area, 
organize them into rankings of 
presence (E.g. rare, uncommon, 

common) 

Get a general understanding 
of what forest type is to be 

restored 

Distribution of dead 
ash 

Record distribution (standing, felled, 
stumps, etc.) of dead ash 

Distribution of dead ash will 
affect how much sunlight 

reaches forest floor 

Basal area Methods flexible; used wedge prism 
with basal area factor of two 

Identify what restoration 
needs to occur 

Soil texture and 
moisture 

Field tests, infer from vegetation 
communities, visual inspection of 

soil conditions 

Influence tree species 
selected to be underplanted 

Invasive plants Global positioning system or aerial 
photography 

Presence and density will 
determine if plant control is 

necessary 

 
It is recommended that the tree sourcing strategy should be composite provenancing. Composite 
provenancing uses primarily locally sourced trees (well adapted to local conditions) and a minor 
component of distantly sourced trees (in anticipation of climate change). Composite 
provenancing in Halton Region would consist of sourcing trees primarily (~80%) from zone 6a 
with a minor component from zone 6b and 7a. 
 
The 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 short term 
(E.g. survival assessment) and long-term goals (E.g. basal area restoration) should be 
established. Site-specific planting methods to increase survivorship should also be employed 
(mulch, rodent guards, tree shelters, etc.). 



3.0 Work to Date 
 

Site A (Wildflower Woods) 
 

Site A is located in Wildflower Woods (shown in Appendix Item 3). 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. Site A is an approximately 9.7-hectare (97,125 m2) 
compartment selected by Conservation Halton to be a test site due primarily to its high density of 
dead ash trees. Site A was noted to have very limited natural regeneration and significant erosion 
to the forest floor, exposing bare soil. 

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. Site B is an approximately 20-
acre (80,937 m2) compartment within Mount Nemo (both Shown in Appendix Item 4). 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. 
 

Site A 
 

Site A Characteristics 
Tree species and 

community composition 23 tree species; mix upland and lowland hardwoods [9] 

Distribution of dead ash 
Dead ash felled and removed by January 2020. Grew 

primarily in clumps, resulting in partial sunlight reaching 
forest floor 

Basal area Results found in Appendix, Item 7 

Soil texture and moisture Texture is a mix of sandy loam and clay; moisture is moist 
to wet 

Invasive plants Invasive plants and locations found in Appendix Item 5. 
Control is recommended for buckthorn and wintercreeper 

 

Trees recommended to be underplanted within Site A include swamp white oak, northern 
hackberry, sycamore, eastern white cedar, eastern hemlock, blue beech, striped maple and 
pawpaw. For more information regarding tree species selection, see Appendix Item 8. Site A has 
been noted to have erosion on the forest floor, exposing bare soil and a threat from small 
mammal browsing. In accordance with these threats, trees planted on areas of exposed soil or 
little forest floor (up to the discretion of the planter) should be mulched. Planted hardwoods 
should have a rodent guard equipped. Competing vegetation around planted stock should be 
controlled at time of planting and while follow-up survival assessments are being completed.  
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Site B 
 

Site B Characteristics 
Tree species and 

community composition 22 tree species; upland tolerant hardwoods [9] 

Distribution of dead ash 
Dead ash felled along 20 m buffers along property lines. 
Grew in a spatially even distribution, resulting in little 

sunlight reaching the forest floor 
Basal area Results found in Appendix, Item 9 

Soil texture and moisture Texture is a thin layer of clay above consolidated 
bedrock; moisture is primarily moist 

Invasive plants Invasive plants and locations found in Appendix Item 6. 
Control is not recommended at this time 

 

Trees recommended to be underplanted within Site B include sassafras, northern hackberry, red 
mulberry, eastern white cedar, eastern hemlock, serviceberry, American mountain ash and red 
oak. For more information regarding tree species selection, see Appendix Item 10. 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 [19]. 
Site B has a high density of natural ash regeneration that could pose a threat to planted stock, 
thus competing vegetation should be controlled at the time of planting and while follow-up 
survival assessments are being conducted.  

 

4.0 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 during the spring 
of 2020 and assessment of success will be completed at varying later dates.  

Survival assessments with goals set at 80% and 60% survivorship for Sites A and B, respectively 
should be conducted following the first and fifth growing seasons, as short-term goals. A follow-
up basal area assessment may be conducted in both sites in 2045 to determine the progress of 
restoration (long-term goal).  

If these measures of success are achieved, the proposal can be considered a success. Ideally the 
proposed management activity will be a part of EAB management plans across the Carolinian 
zone, used in conjunction with other management activities. 

 

 



  
  

7 
 

5.0 References 
 
[1] Anon. (2017). Carolinian Canada Coalition. Collaborating for a Healthy Ecoregion. Carolinian 

Canada Coalition. Available from: https://caroliniancanada.ca/about 

[2] Anon. (2004). Carolinian Species and Habitats. Carolinian Canada. Available from: 
https://caroliniancanada.ca/legacy/SpeciesHabitats.htm 

[3] Anon. (2011). New Tree Planting. International Society of Arboriculture. Available from: 
http://www.treesaregood.com/portals/0/docs/treecare/New_TreePlanting.pdf 

 
[4] Anon. (2018). Species at Risk in Ontario. Ministry of Environment, Conservation and Parks. 

Government of Ontario 
 
[5] Anon. (2020b). The Tree Atlas. Government of Ontario. 

[6] Dixon, C., Vacek, S., & Grant, T. (2019). Evolving management paradigms on US Fish and Wildlife 
Service lands in the Prairie Pothole Region. Rangelands, 41(1), 36-43. 

 
[7] Dovčiak, M., & Halpern, C. B. (2010). Positive diversity–stability relationships in forest herb 

populations during four decades of community assembly. Ecology letters, 13(10), 1300-1309. 
 
[8] Duan, J. J., Van Driesche, R. G., Bauer, L. S., Reardon, R., Gould, J., Elkinton, J. S. (2019). The role 

of biocontrol of emerald ash borer in protecting ash regeneration after invasion. FHAAST-2017-
02. Morgantown, WV: U.S. Department of Agriculture, Forest Service, Forest Health 
Assessment and Applied Sciences Team. 10 p. 

 
[9] Elliott, K. A. (1998). The forests of southern Ontario. The Forestry Chronicle, 74(6), 850-854. 
 
[10] Herms, D. A., & McCullough, D. G. (2014). Emerald ash borer invasion of North America: history, 

biology, ecology, impacts, and management. Annual review of entomology, 59, 13-30. 
 
[11] Jactel, H., Brockerhoff, E., & Duelli, P. (2005). A test of the biodiversity-stability theory: meta-

analysis of tree species diversity effects on insect pest infestations, and re-examination of 
responsible factors. In Forest diversity and function (235-262). Springer, Berlin, Heidelberg. 

 
[12] Jandl, R., Spathelf, P., Bolte, A & Prescott, C. E. (2019). Forest adaptation to climate change is 

non-management an option? Annals of Forest Science, 76(2), 48. 
 
[13] Jucker, T., Bouriaud, O., Avacaritei, D., & Coomes, D. A. (2014). Stabilizing effects of diversity on 

aboveground wood production in forest ecosystems: linking patterns and processes. Ecology 
Letters, 17(12), 1560-1569. 
  

https://caroliniancanada.ca/about
https://caroliniancanada.ca/legacy/SpeciesHabitats.htm
http://www.treesaregood.com/portals/0/docs/treecare/New_TreePlanting.pdf


  
  

8 
 

[14] Kovacs, K. F., Mercader, R. J., Haight, R. G., Siegert, N. W., McCullough, D. G., & Liebhold, A. 
M. (2011). The influence of satellite populations of emerald ash borer on projected economic 
costs in US communities, 2010–2020. Journal of Environmental Management, 92(9), 2170-
2181. 

 
[15] Manes, F., Incerti, G., Salvatori, E., Vitale, M., Ricotta, C., & Costanza, R. (2012). Urban 

ecosystem services: tree diversity and stability of tropospheric ozone removal. Ecological 
Applications, 22(1), 349-360. 

 
[16] Personal communication (A. Baker and/or H. Kovacs), Conservation Halton, 2020 
 
[17] Poland, T. M., Chen, Y., Koch, J., Pureswaran, D.  (2015).  Review of the emerald ash borer, 

Agrilus planipennis (Coleoptera: Buprestidae), life history, mating behaviours, host plant 
selection, and host resistance.  The Canadian Entomologist. 147, 252–262. 

 
[18] Streit, M & Scarr. T. (2012). Preparing for Emerald Ash Borer: A Landowner’s Guide to Managing 

Ash Forests. Ontario Ministry of Natural Resources and Forestry.  
 
[19] Strobl, S. (2000). A Silvicultural Guide to Managing Southern Ontario Forests. Ontario Ministry of 

Natural Resources and Forestry.  
 
[20] Thompson, I., Mackey, B., McNulty, S., & Mosseler, A. (2009). Forest resilience, biodiversity, and 

climate change. In Secretariat of the Convention on Biological Diversity, Montreal. Technical 
Series no. 43, 1-67. 

  
  



  
  

9 
 

6.0 Appendices 
 

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

Common Name Latin Name 

American mountain ash Sorbus americana 
Black ash Fraxinus nigra 
Black locust Robinia pseudoacacia 
Blue ash Fraxinus quadranglata 
Blue beech Carpinus caroliniana 
Buckthorn Rhamnus spp. 
Cucumber tree Magnolia acuminata 
Eastern hemlock Tsuga canadensis 
Eastern white cedar Thuja occidentalis 
Green ash Fraxinus pennsylvanica 
Manitoba maple Acer negundo  
Northern hackberry Celtis occidentalis 
Pawpaw Asiminia triloba 
Pumpkin ash Fraxinus profunda 
Red mulberry  Morus rubra 
Sassafras Sassafras albidium 
Serviceberry Amelanchier spp. 
Striped maple Acer pensylvanicum 
Swamp white oak Quercus bicolor 
Sycamore Platanus occidentalis 

White ash  Fraxinus americana 
Winged euonymus  Euonymus alatus 
Winter creeper Euonymus fortunei 
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Appendix Item 2: Definitions for potentially confusing terms. 
 

General Glossary 

Term Definition 

Diversity-stability 
hypothesis  

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

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 

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” [9] 

Stock Planted saplings or seedlings 

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” [9] 
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Appendix Item 3: Site A, located in Wildflower Woods. 
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 Appendix Item 4: Site B, located in Mount Nemo. 
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 Appendix Item 5: Invasive plants surveyed in Site A. 
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 Appendix Item 6: Invasive plants surveyed in Site B. 
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Appendix Item 7: Basal area data summarized and compared with goals for Site A. 
 
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 
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Appendix Item 8: 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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Appendix Item 9: Basal area data summarized and compared with goals for Site B. 
 
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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Appendix Item 10: Tree species recommended for underplanting in 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.  

 


	1.0 Introduction
	2.0 Materials and Methods
	Table 1: Characteristics that should be recorded while surveying.

	3.0 Work to Date
	Site A (Wildflower Woods)
	Site B (Mount Nemo)
	Site A
	Site B

	4.0 Work to Do
	5.0 References
	6.0 Appendices
	Appendix Item 1: Plant species common name and Latin name mentioned in this report.
	Appendix Item 2: Definitions for potentially confusing terms.
	Appendix Item 7: Basal area data summarized and compared with goals for Site A.
	Appendix Item 8: Tree species recommended for underplanting in Site A.
	Appendix Item 9: Basal area data summarized and compared with goals for Site B.
	Appendix Item 10: Tree species recommended for underplanting in Site B.

	Appendix Item 3: Site A, located in Wildflower Woods.
	Appendix Item 4: Site B, located in Mount Nemo.
	Appendix Item 5: Invasive plants surveyed in Site A.
	Appendix Item 6: Invasive plants surveyed in Site B.

