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EXECUTIVE SUMMARY 

 

Years ago, Dutch Elm Disease destroyed most of the elms in Grand Haven.  More recently, the Emerald Ash 

Borer destroyed our ash trees, noticeably those in Mulligan's Hollow. But, unfortunately, that's not the end of 

our trouble. Invasive pests and associated diseases lethal to oak trees, beech trees, and hemlocks have been 

discovered in the city of Grand Haven. Although the pests are already present throughout the whole city, this 

report focuses on these as they appear in three of its wooded areas: Duncan Woods, Lake Forest Cemetery, and 

Mulligan’s Hollow. This report discusses the invasive pests and how the impact of these can be mitigated.  It 

supports the aggressive steps already taken in Grand Haven to protect the hemlocks, but it concludes that if no 

additional action is taken over the next 20 – 30 years, the existing oak trees and beech trees will succumb to the 

lethal invasive pests and diseases. It further recommends that the city hire a forester to oversee and manage the 

urban forest that comprises Grand Haven. 

 

 

 

OVERVIEW 

 

Our beloved city forest (Duncan Park, 

Lake Forest Cemetery, and Mulligan's 

Hollow) comprises over 200 acres. The 

city, including these, comprises about 6.5 

square miles.  

As described in the 2011 Mulligan's 

Hollow Master Plan Update highlights, 

"…[o]ur forest occupies a key location 

and is a strategic natural resource within 

the community's green and open space 

network. This band of natural, mostly-

undeveloped public and private lands 

stretches southward from Mulligan's 

Hollow for over a mile through Duncan 

Woods and Lake Forest Cemetery as it 

parallels Lake Michigan and its 

foredunes. Key natural lands along the 

way include Grand Haven State Park, 

City Beach, the Highland Park 

neighborhood, and, to the immediate 

south, Ottawa County's Rosy Mound 

Park, along with various other low-

density residential neighborhoods. This 

tapestry of green and open space creates a beautiful community setting, substantial wildlife habitat, and 

significant recreational opportunities for residents and visitors alike. Formal, organized recreational 

opportunities are especially concentrated within Mulligan's Hollow." 1  

 

Although the 2011 Mulligan's Hollow Master Plan Update mentions the land to the immediate south of the city, 

we also recognize that north of Mulligan's Hollow, there are heavily wooded areas in Ottawa Sands, North 

Ottawa Dunes, and P. J. Hoffmaster State Park. However, the focus of this report is on the three properties 

within the city.  

 



 

 

BRIEF HISTORY OF THE THREE TARGETED AREAS: DUNCAN WOODS, LAKE FOREST 

CEMETERY, AND MULLIGAN'S HOLLOW 

 

The constituent parts of the "city forest" are rich in history and reflect an integral part of our city's formation 

and identity. City planners started accumulating these acres starting in the late 1800s with an eye to their 

importance. As a result, we've been recognized as a Tree City USA by the Arbor Day Foundation for over 

twenty-five years.   

 
Photo courtesy of Wallace K. Ewing 

 

Duncan Woods 

Duncan Park (known familiarly as Duncan Woods) is the namesake of Robert and Martha Duncan. Its 

approximately 40 acres of unspoiled virgin woods lie between Lake Forest Cemetery and Sheldon Road. This 

wooded park includes numerous walking trails, a parking area, and picnic tables. Robert Duncan arrived in 

Grand Haven from Vermont in 1851 (the same year that Alfred and Louisa Bennett, an African American 

couple, purchased a parcel of land just east of Five Mile Hill).  Duncan established a law office above the Henry 

Griffin Drug Store. Though the lumber industry was still in its infancy, he foresaw that the area would soon be 

barren of its majestic old-growth trees. So, to set aside some for posterity, he purchased 50 acres of virgin 

woods, which at that time were outside the city limits. 

Martha Duncan was always interested in civic betterment and the city's beautification. She was an active 

member of the Grand Haven Woman's Club, served on the City Park Board for many years, and supported the 

city library. The Woman's Club raised money to construct the stone pillars at both entrances to the park. On 

October 22, 1913, Martha deeded the wooded acreage to the people of Grand Haven in memory of Robert. 

Money for the park's maintenance came from a trust fund set up by Martha in 1920. After the trust was closed 

in 1973, a bequest by former mayor Richard L. Cook was used for maintenance and improvements. 



 

 

 
Photo courtesy of Wallace K. Ewing 

Lake Forest Cemetery 

In 1867 Grand Haven City Council saw it was time to move the cemetery from what is now Central Park. To 

that end, five years later, the City paid $1,000 to Galen and Mary Eastman for 40 acres in Section 29 of Grand 

Haven Township. Just off Lake Avenue and not far from Lake Michigan, this purchase provided sufficient land 

for a new burial site. The first interment was in September 1873. Then, in 1891, the City acquired from Samuel 

Glover 40 acres at the north end of the cemetery. The 80 acres are known today as Lake Forest Cemetery. 

 

 

 



 

 

 
Image courtesy of Wallace K. Ewing 

Mulligan's Hollow 

On October 4, 1851, Alfred and Louisa Bennett, an African American couple, purchased a parcel of land just 

east of Five Mile Hill. It became known as Bennett's Hollow. In years before that, Ottawa Indians used the 

Hollow as a meeting place, once in 1819 to honor their dead and again around 1844 to receive the annual 

payment owed them for ceding their land to the federal government. Today we call the area Mulligan's Hollow, 

a name that came into use when tugboat captain John Mulligan bought the parcel in the 1880s. By 1917 the City 

of Grand Haven had title to the site. It was used as a CCC Camp during the Great Depression and as a Coast 

Guard boot camp during WWII. After the abandoned buildings fell into disrepair, the area was used primarily 

for recreation. In 1963, the last standing building, a mess hall, was converted into a warming hut for the Ski 

Bowl. The 89 acres of Mulligan's Hollow were officially dedicated as a city park in 1973. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

The map below from the 2018 Conservation of Grand Haven Parks Duncan Woods & Mulligan's Hollow 

Report4 locates the tree species we have in Mulligan's Hollow and Duncan Woods.   

 

 
In Mulligan's Hollow, most stands are oak-dominated, with > 80% of the overstory consisting of oaks 

(Quercus). Other hardwood species, including basswood (Tilia americana), sugar maple (Acer saccharum), 

black cherry (Prunus serotina), and ironwood (Ostrya virginiana), are also present. Hemlock (Tsuga 

canadensis) represented the majority (52%) of the overstory biomass in only stand J (above).  

In Duncan Woods, two stands (K and N) compose the majority of the area and support at least 40% of the 

canopy in hemlock (above). The remainder of the stand includes beech and oak. The majority of the volume in 

stands L and M are pine (Pinus) species, specifically white pine (P. strobus) and red pine (P. resinosa), 

collectively representing > 60% of the composition. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

The Three Target Areas as Shown on the 2011 Master Plan Map  

 

 
 

 

The 1,10, and 100-year plan—Preserving a Legacy. 
Forestry planning is not unlike estate planning. It necessitates a balancing act between limitations of the present 

and our aspirations for the distant future. It is the obligation of this generation to ensure the sustainability of our 

"city forest" for the next generations. To do so, we must educate, plan thoughtfully, and act with urgency if we 

are to combat the already present stressors that threaten to deforest our dune land.  

 

There are different kinds of environmental stressors: 

 

Normal and Abnormal Stressors 

Natural stressors are those we have no control over including drought, lightning, wind storms, and many factors 

related to climate, such as temperature and moisture availability. Forest structure and composition have adapted 

to normal stressors over time. Some types of pests are normal stressors if they have evolved within the 

ecosystem, and create natural fluxes in ecosystem composition and structure. Some of these actually promote 

the health of the forest by culling old and weak trees. It is often misunderstood, but fallen logs on the forest 

floor play an important role in tree seedling establishment.2 

 



 

 

Abnormal stressors are those factors that are not a natural part of the native ecosystem.  Invasive species and 

exotic diseases are examples of abnormal stressors. For example, the newly discovered, insect pests and lethal 

diseases -- the Hemlock woolly adelgid (HWA), Oak Wilt (OW), and Beech Bark Disease (BBD) – are 

abnormal stressors that pose the most immediate and significant threat to our trees because their damage is 

devastating and irreversible. Abnormal stressors also may be caused by native species, but the intensity or 

frequency of disturbances caused are beyond the historical range of variability within which the ecosystem 

adapted. For example, high levels of herbivory from overpopulated wildlife are examples of abnormal stressors. 

Soil compaction and erosion from recreational activities, or tree vandalism (e.g., carving) are also abnormal 

stressors. 

 

Acute and Chronic Stressors 

Acute stressors are disturbances occurring as short-term, discrete events. For instance, the wind storm in July of 

2017 is an example of an acute stressor. Several trees in Duncan Woods blew down and created canopy 

openings as a result of high winds in Grand Haven.  

 

Chronic stressors, however, influence ecosystems in a more continuous manner over an extended period of 

time. They are not discrete events. In Grand Haven, HWA, OW, and BBD are likely chronic stressors. Invasive 

plant establishment and climate change effects are also chronic stressors on the ecosystem. Deer browsing may 

also likely be a chronic stressor, which over time has the potential to substantially change the structure and 

composition of the forest; however, no data has currently been collected to substantiate the magnitude of 

browsing as a chronic stressor.  

 

In July 2021, the Duncan Park Commission passed the following motion directing the Commission to: 

Ask the City Council of the city of Grand Haven to conduct an annual deer management plan to control 

the excess deer population, protecting Duncan Park from continued over-browsing and ensuring a robust 

understory for replenishment of the Park's declining trees and stabilization of critical dune erosion.3  

 

The Duncan Park Commission's motion is consistent with observations found in the 2018 Conservation of 

Grand Haven Parks Duncan Woods & Mulligan's Hollow Report 4 and in the DNR's 2016 Michigan Deer 

Management Plan. 

"Deer management efforts of the DNR seek to maintain a healthy and balanced deer herd that meets the 

public's social, economic, and recreational demands while conserving sustainable habitat for deer and 

other wildlife species. Protection of native plant communities, agriculture, horticulture, silviculture, and 

safety of Michigan's citizens must be included in the planning and implementation of deer 

management." It concludes, "It is important that deer impacts are kept below levels where they may 

cause long-term damage to the ecosystems in which they live." [Emphasis added] 5 In other words, our 

mature trees can survive the deer, but because the deer are continuously over-browsing the young stock, 

eventually, there will be nothing left of the normal plants or the young trees that are needed to replace 

the mature trees.   

 

Progression of Invasive Diseases 

Three stages reflect how invasive diseases progress. These are called the Advancing Front, Killing Front, and 

Aftermath Forest. The Advancing Front describes a pre-arrival condition. If the invasive diseases are not 

successfully mitigated, the next stage is the Killing Front. This is the situation we currently face. All three 

invasive diseases are present in the forest. Some of our infected trees will either die or become so weak their 

survival is in question. Finally, if the invasive diseases are not contained and run their course, what they leave 

behind is called the Aftermath Forest, characterized by a complete or near-complete loss of trees, and a 

subsequent change in forest structure and composition.  

 

 



 

 

WHAT CAN BE DONE IN GRAND HAVEN TO MITIGATE THE EFFECT OF THE THREE 

DISEASES 

 

At the current time, there is no effective means to eradicate these invasive diseases, but we can act to mitigate 

their impact. Although there is a similarity between the three invasive diseases in that they are all spread by 

small insects; each disease requires a different type of response.  The best approach is Strategic Management, 

which involves a mix of indirect and direct prophylactic treatment, adaptation, and rapid response to observed 

infection.  

 

 

 

 

Strategic Management  

 

Indirect treatment for all invasives begins with systematic detection processes—by vigilant citizens walking 

in the forest and by the routine use of satellite imagery (MODIS Vegetation Index Products (NDVI and EVI) or 

National Agriculture Imagery Program (NAIP)) to observe the pattern and progression of these invasive 

diseases inside the city, and outside the forest and city but inside adjacent areas (Spring Lake, Ferrysburg, and 

GH Township). Early detection helps limit the spread and increases management opportunities.  Once the 

disease is detected, canopy management, downing injured or unhealthy trees (mainly oak and beech trees as 

these will be more vulnerable and succumb more swiftly to the advancing invasive fungal attack). 

The 2018 report Conservation of Grand Haven Parks Duncan Woods & Mulligan's Hollow prepared by Grand 

Valley State University's Natural Resources Management Students in Forest Ecosystem Management identified 

the following five recommendations for improved forest health: 

• Act to prevent the spread of hemlock wooly adelgid, oak wilt, and beech bark disease 

• Remove invasive vegetation [barberry, tree of heaven (Ailanthus altissima), etc.] 

• Increase regeneration of oak and hemlock by 40% 

• Increase regeneration of beech by 15% 

• Monitor the parks annually 

 

 

The maps that follow show the presence of the three invasive diseases in Michigan. 

 



 

 

 
1. The Hemlock woolly adelgid (HWA) is an aphid-like insect first identified in the western United States 

in the 1920s, but first observed in the eastern US in 1951 near Richmond, Virginia, following an 

accidental introduction from Japan. HWA has since spread along the East Coast from Georgia to Maine 

and now occupies nearly half the eastern range of native hemlocks. HWA was first discovered in West 

Michigan in 2015. The hemlock woolly adelgid sucks carbohydrates for cells in twigs at the base of the 

hemlock needles, killing needles, shoots, and branches. Left untreated, hemlock woolly adelgid can 

cause tree death in 4–10 years. 

 



 

 

       
Hemlock Woolly Adelgid, Wikipedia image Shenandoah National Park. 

 

Hemlock Wooly Adelgid (HWA) in Grand Haven 

Direct prophylactic treatment 

 Advancing Front6 

● Of all the task options, the most critical task following detection is having a predetermined 

response (such as Imidacloprid treatment) that occurs rapidly. 

● We are pleased that in partnership with the West Michigan Conservation Network (formerly the 

West Michigan Cooperative Invasive Species Management Area), Grand Haven has already 

completed Imidacloprid treatment of hemlock trees within the three areas to prevent the spread 

of hemlock wooly adelgid. This treatment must be repeated in 5–7 years. However, some trees in 

the forest and some peripheral to the forested area are still untreated. 

Killing Front 

● In this stage, if trees become heavily infested, the use of Dinotefuran (e.g., Safari 20SG) is an 

excellent choice, especially when the trees are already declining because of HWA feeding or 

other problems. Dinotefuran, however, does not persist nearly as long as imidacloprid. It will 

control HWA for one to two years but need to be reapplied. 

● The challenge becomes determining how to increase regeneration of hemlock by 40%. 

Aftermath Forest 

● If the disease progresses to this point, we should consider the introduction of replacement 

Eastern white pine and White Oak or other HWA-resistant trees 

 

 

 

 



 

 

 
 

Oak wilt (OW) is a vascular disease of red oak species caused by the fungal agent Bretziella fagacearum, first 

identified in Michigan in 1951.  The red oak group includes black oak, northern red oak, and northern pin oak. 

The oak trees in the Grand Haven forest are mainly northern red oak trees with leaves with pointed tips. The 

Oak Wilt disease (OW) is now widespread across the state and the Midwest, where conditions are usually 

favorable for spore production and beetle activity during spring and early summer.  Although trees in the white 

oak family are more likely to survive an infection because they are capable of compartmentalizing the fungus 

(Michigan DNR, 2021), oak wilt is lethal to our northern red oaks.  



 

 

  
P.J. Hoffmaster State Park in West Michigan lost more  

than 1,000 trees in 2021 due to oak wilt.7 

 

Oak Wilt (OW) in Grand Haven 

Survival statistics  

This invasive disease is now widespread in Michigan and is also present in our city forest. Once infected, red 

oak trees can die within as little as three weeks of infection. The disease is first introduced by beetles; once 

introduced, the fungus can move from an infected oak to neighboring oaks through its roots, which can reach 

out 100 or more feet. It is estimated that 10% of the transfer occurs above ground by the sap beetles, but 90% 

happens below ground by the roots. 

 

According to Juzwik et al. 2011, Oak wilt is a manageable disease with success depending on a number of 

factors, e.g., i) early detection and prompt treatment, ii) regular detection and monitoring, and iii) consistent 

management program over years (i.e., not a one-time control action). 

 

As we are seeing in Grand Haven, if left untreated, oak wilt will continue to move from tree to tree, killing more 

red oak over an increasingly larger area. It was detected in Highland Park in 2009–10 and is now present in the 

cemetery and Mulligan’s Hollow. As more trees die from oak wilt, more fungal spores are produced, which 

allows the beetle to carry infection to new locations.  

 

Management Strategies for OW 

A variety of management strategies can be employed to minimize new infection centers' development and 

combat existing infections. However, the most effective way to protect oak trees is by avoiding tree injury when 

beetles are active and by separating roots between infected and uninfected trees (Michigan Oak Wilt Coalition, 

2021).  

Advancing Front 

• Oak trees must not be pruned during the growing season between April 15 and July 15, when the 

beetles are active and can infect pruned or injured trees. Once the fungus is introduced, OW is 

primarily transmitted to other trees through the roots of an infected tree to the roots of a 

neighboring healthy tree., but it can also be spread by the movement of infected firewood. 

● OW is clearly present in the 200 acres, but it is still in relatively isolated pockets. Therefore, it 

would seem wise to focus on 1) improved prevention activities/ measures, 2) diligent, consistent, 



 

 

and long-term detection efforts, and 3) developing a structure for a rapid response when a diseased 

tree or trees are found. 

● Prevention could include: 1) working with local tree services to prevent wounding (including 

pruning) of oaks, especially during the high-risk season for overland transmission of the pathogen 

by nitidulid beetles (late March to mid-July) or even the entire growing season, and 2) not allowing 

movement of oak wood with bark attached (e.g., firewood). 

● Detection and monitoring – perhaps two monitoring surveys per growing season could be 

instituted (e.g., Mid – July to late September).  Drones (even with simple RGB sensors) have 

proven very useful for monitoring oak wilt in Menominee County, WI (Menominee Tribal 

Enterprises). Otherwise, systematic ground surveys along predetermined lines (in oak areas) could 

be conducted.  Extra efforts could be considered if damaging winds or storms occurred in the area 

during mid or late spring. 

● Rapid response plan developed – Again, Menominee Tribal Enterprises have developed a 

practical approach for dealing with newly detected one or two tree pockets. Systemic fungicide 

treatment, in general, is most useful for high-value trees; thus, it is best used in managed 

urban/suburban landscapes and integrated management scenarios.  

● Determine how to increase regeneration of white oak by 40%. 

Killing Front 

● When OW is observed, a highly effective method involves using a vibratory plow with a 60-inch 

blade to encircle the diseased tree accomplishes a very narrow 5-foot or deeper root cutting.  This 

method cuts the grafted roots connected to adjacent trees. If the roots are not cut, the fungus from 

the diseased tree is transferred underground: 90% of the fungal transfers occur through the roots. 

The Michigan DNR has multiple blades available for “loan” to ISA arborists, cities, etc. in the 

Lower Peninsula of Michigan for oak wilt management, esp. the urban and peri-urban forests. 

● If root cutting of the infected tree is not an option, and if systemic fungicide treatment is not an  

option, the infected tree can be double girdled, and an herbicide applied. However, results have 

been extremely mixed as compared to using the trenching + tree removal treatment approach.  

Aftermath Forest 

● The Red oak is highly susceptible to OW, and OW is lethal. Since approximately 80% of 

Mulligan’s Hollow canopy is oak, the impact to Grand Haven will be devastating.   

 

 

 

 

 



 

 

 

 
(From Wieferich, 2013 page 23)8 



 

 

 

 

 

Beech bark disease (BBD) is a fungal disease that kills American beech trees.  Introduced accidentally on 

imported European beech saplings (Gwiazdowski et al. 2006), BBD first appeared in Canada during the 1890s 

and in the U.S. during the 1930s (Gwiazdowski et al. 2006; Houston 1994). As the maps show, BBD is already 

present in Ottawa County, and as surveys show, BBD is present in Grand Haven. 

 

 

 
 



 

 

 
Beech Bark Disease (BBD)   

 

Beech bark disease (BBD) is an invasive disease present in Grand Haven.  Like OW, BBD involves both an 

insect and a fungus.  The BBD scale insect – the predominant insect involved in infesting the bark is 

Cryptococcus fagisuga, but Xylococcus betulae can also be involved. This sap-feeding scale insect, bores holes 

in the beech scale.  Finally, the BBD causal fungi are Neonectria species.  These include N. faginata, N. 

coccinea, and N. ditissima.  The fungi, which the wind or insects transport, infects the trees through the holes 

made by the scale insect. Ultimately, the fungus kills the bark (phloem) tissues where photosynthesis products 

(i.e., food) are translocated downward to the roots for storage, but subsequently provide “energy” for tree 

growth. Diseased beech trees can be a liability to hikers since healthy-looking but infected trees can experience 

"beech snap" even in a fairly mild wind and injure anyone who might be in their path. 

 

Beech scale was first discovered in Michigan in campgrounds in Luce County in Upper Michigan and Mason 

County in northwest Lower Michigan in 2000 (O'Brien et al. 2001 cite by Wieferich, 2013 page 6). Though 

high populations of beech scale can weaken a tree, BBD, mortality does not occur until the Nectria fungus 

invades infested trees, usually 3 to 6 years after scales initially infest an area. Once the Nectria invasion begins, 

the largest trees and trees with heavy scale infestations (usually rough-barked trees and trees damaged from 

carving) are most likely to be killed (McCollugh, 2005; page 5).   

 

Management Strategies for BBD 

 

The amount of American beech influences management strategies in a stand, along with the distance from the 

BBD Advancing Front (distance is used to estimate the amount of time before BBD impacts a stand). Estimates 

from northeastern forests suggest that the advancing Front spreads at a rate of 6 miles per year. In addition, once 



 

 

scale reaches a new area, it often takes several years of scale infestation before Nectria (the fungus) is abundant. 

This is particularly true when a new scale infestation is a long distance from the Killing Front.9  

 

 

Management choices will depend on site productivity, habitat type, residual stocking levels, and residual tree 

species. Heavily impacted stands may require artificial regeneration to restore acceptable stocking levels and/or 

acceptable tree species. 

• Beech bark disease is caused by a fungal pathogen, Nectria coccinea, that does not attack 

the trees until they have been extensively infested with a non-native scale insect. The scale 

has mouthparts that pierce and suck, causing wounds through which the fungus can enter the 

tree. 

● The beech scale insects are mobile in the fall. Birds and strong winds readily disperse 

them. 

● It is important to survey stands regularly to detect the arrival of beech scale. Knowing 

when scale enters a stand will establish a rough timetable for future expected beech snap and 

tree mortality. 

● Surveying also helps identify trees for culling.  Discriminate against trees that are heavily 

infested with beech scale. Select large, over mature trees with rough bark, trees with 

evidence of decay, broken tops, or other injuries first. These trees will be the first lost and 

offer the fewest advantages in prolonged mast production or survivability. 

● Retain vigorous trees with smooth bark. Identifying potentially resistant trees is essential 

for decreasing the long-term susceptibility and vulnerability of the beech resource to BBD. 

Vigorous trees with smooth bark are most often resistant to beech scale establishment.  

● Do not transport scale-infested beech firewood or logs to or through beech areas outside 

the Advancing Front between August and late fall. Moving recently harvested wood from 

infested areas risks spreading beech scale to new areas at greater than expected rates. 

● Use harvest systems that minimize injuries to beech root systems. Root injury is the 

primary cause of root sprouts in beech trees. Springtime root injuries maximize sprouting 

response.  

● Consider short-term and long-term impacts on wildlife food availability and habitat. For 

example, leaving scattered snag or den tree beech to enhance wildlife habitat does not 

significantly increase the risk of tree loss. However, other mast-producing tree species 

should be considered to replace beech, where beech density is high.  

● Favor regeneration of other tree species via selection or planting in canopy gaps.  

                                The Michigan Department of Natural Resources recommends 30-foot average 

                                canopy gaps, 60-ft. gaps to encourage intolerant tree species and 100-ft. gaps for 

                                group selection when intolerants are present (cherry, yellow birch, oak, ash).  

Advancing Front—with Scale Insects 

● Identify, mark, and retain resistant trees. In stands that are infested with beech scale, look 

for trees with few or no beech scales, especially when these trees are growing near heavily 

infested trees. These trees should be clearly marked, protected, and reported to the 

Michigan DNR Forest Health Program for inclusion into tree resistance research. (Note: 

The DNR trains resource professionals to recognize resistant trees and provide a 

Cooperative BBD Resistance Tree Survey Form which details tree marking and reporting 

details.) Resistant trees may be found in groups due to the root sprouting habits of beech. 

Identify and protect all trees in such groups. Sprouts and possible seed sources from these 

trees offer an opportunity to regenerate a BBD-resistant resource.  

● Maintain some beech basal area. Retain some large beech for wildlife habitat. This will not 

significantly affect the spread or impact of BBD. However, these trees will die first and 



 

 

most quickly, so they should not be used in calculating the minimum stand basal area. 

Generally, increasing species diversity and shifting the beech component towards smaller, 

more resistant size classes will reduce the impact of BBD. This will help prolong the beech 

resource's ability to produce mast. Beech mast may be less critical in stands where oak, or 

other sources of mast are abundant.  

● Favor regeneration of other tree species via selection or planting. Consider trees suited to 

the habitat type with particular consideration for mast-producing species.  

● Beech snap creates a hazard and can be responsible for large volume losses before 

scheduled salvage harvests. Trees susceptible to snap do not always show signs of decline.  

● Again: do not injure beech trees by carving names or initials, do not transport scale-infested 

beech firewood or logs to or through beech areas outside the Advancing Front between 

August and late fall. Moving recently harvested wood from infested areas risks spreading 

beech scale to new areas at greater than expected rates. 

 

Killing Front—with decline, beech snap, or tree mortality 

Once beech begins declining, snapping, and/or dying, BBD impacts progress at a rapid pace. Resistant trees will 

be more apparent and should be marked and saved. 

 

Aftermath Forest 

Once a large portion of the mature beech resource has been lost, beech stands enter the final stage of BBD 

impact known at the Aftermath Forest. Management choices will depend on site productivity, habitat type, 

residual stocking levels, and residual tree species. Heavily impacted stands may require artificial regeneration to 

restore acceptable stocking levels and/or acceptable tree species. 

 

 

CONCLUSION 

 

Based on the losses observed in other states, if all three invasive threats are not controlled successfully, an 

overwhelming majority of the Grand Haven forest, as we've come to know it, will look substantially different or 

potentially disappear altogether. The 2018 report presented by Grand Valley State University students stated 

that current threats included not only the diseases explained in this report, but also invasive plants and 

regeneration problems. These insults, as well as potential others, will substantially change the structure and 

composition of the system. If trees die from disease, and there is no regeneration of trees to replace the canopy, 

the forest will no longer exist. The cost associated with reacting to damage from these insults is not sustainable 

ecologically or economically. Moving forward, a vision for conserving the Grand Haven forest is necessary and 

urgent. Grand Haven would benefit from a forward-thinking approach to prevent future insults to the forest, 

rather than perpetuating clean-up efforts from repeated and continuous insults.  Collaborative efforts should 

identify stressors and insults that increase the vulnerability of all the trees within Grand Haven green spaces, 

and support funding that could help begin to intervene those insults and sustain the precious resource we 

currently have for future generations. 

 

Given the size of the forest under city control and the magnitude of the threats to it, it seems imperative that the 

city hire a forest stewardship coordinator, or at the very least contract part-time for oversight by an urban forest 

manager.  Successful implementation of these management strategies would establish an effective 

demonstration program of mitigation in three target areas of Grand Haven, one that surrounding municipalities 

might also consider adopting.  

 

 

 

 



 

 

Footnotes 

 
1. https://grandhaven.s3.amazonaws.com/pdf_documents/departments/public_works/mulligans_hollow_master_plan_final_2011.pdf 

2.    (Narukawa et al., 2003, p267). Coarse woody debris (CWD) plays a critical role in restoring forest biodiversity, 

including that necessary for small animals (Scheller and Mladenoff, 2002). According to Hanberry, 2021, stand-replacing 

disturbances occur after centuries to millennia.  

3. https://grandhaven.s3.amazonaws.com/pdf_documents/minutes/boards_commissions/duncan_park_commission/2021/07202021DPC.pdf 

4. Available upon request from the Grand Haven Duncan Park Commission.  

5. From the “Michigan Deer Management Plan” (2016, pp 11-12; see also Nagy et al., 2022 and White, 2012).  White-

tailed deer evolved in a forested environment, and there are likely both wildlife and plant species that benefit from the presence 

of deer and their activities. By foraging selectively, deer affect the growth and survival of many herbaceous, shrub, and tree 

species, modifying patterns of relative abundance, species interactions, and potentially altering successional pathways 

(Stromayer and Warren 1997, Cote et al., 2004). When populations are not in balance with habitat, deer have the ability to alter 

their environment by over-browsing preferred plants and destroying the vegetative cover upon which they and other species 

depend. 

6. Cautionary statement on the use of the terms: “Advancing Front,” “Killing Front,” and “Aftermath Forest” was 

developed to describe beech bark disease.  The terms are not necessarily applicable (as originally defined) to oak wilt and 

perhaps even HWA (Juzwik, December, 2021, personal communication).  

7. In 2021 P.J. Hoffmaster Park removed over 1,000 OW infected oak trees. 

8. From Wieferich, 2013 pages 14 & 15 Three types of spread patterns have been used to describe the expansion of 

invasive species (Shigesada and Kawasaki 1997). Type 1 spread refers to invasive species that expand linearly with time, 

exemplified by muskrats (Ondatra zibethicus) and gypsy moth (Lymantriadispar). Type 2 spread depicts an initially slow start, 

followed by an increase to a higher linear expansion rate, generally attributed to satellite populations merging with the main 

front. Japanese beetles (Popillia japonica) and European starling (Sturnus vulgaris) are examples of Type 2 spread rates. Type 3 

expansion occurs when a species increases exponentially, mimicking a convex curve (Shigesada and Kawasaki 1997). This type 

of expansion is depicted by cheatgrass (downy brome) and rice water weevil (Lissorhoptrus oryzophilus) (Shigesada and 

Kawasaki 1997). The type of spread represented by the beech scale, Cryptococcus fagisuga, has not been characterized. Using 

historical data from 1911 to 2003, Morin et al. (2007) projected the spread of beech scale in North America from 2003 to 2010, 

using an average spread of 14.7 ± 0.9 km per year. In comparison with the actual beech scale distribution recorded in 2009 by 

Wieferich et al. (2011), Morin's model was relatively accurate at a large scale. The spread rate used by Morin et al. (2007) was 

similar to the findings of Griffin et al. (2003), who showed spread rates in the northeast United States ranged from 10 to 15 km 

per year. However, spread rates by Morin and Griffin were estimated using coarse data reported by various studies, and actual 

populations were not monitored annually. Their average spread rates were double those of infestations in Michigan.  

      My colleagues and I have closely monitored the advancing front of BBD in Michigan annually from 

2005 to 2012. To characterize the spread of beech scale, establishment of beech scale should be considered. In Lower Michigan, 

beech scales have dispersed long distances establishing satellite populations. Beech scale, a parthenogenic insect, is not affected 

by mate-finding success and is likely to establish if hosts are present. Predators of beech scale, primarily twice-stabbed 

ladbeetles (Chilocorus stigma), are not known to have major effects on scale populations (Houston and O'Brien 1983, 

McCullough et al. 2001). At low densities, environmental stochasticity could affect persistence of low density of newly 

established populations (Shigesada and Kawasaki1997). Extremely cold winter temperatures dipping under -35 ⁰F and severe 

autumn rainfall are known to reduce the abundance of scale (Houston and O'Brien 1983, Houston 1994). Unlike Upper 

Michigan, where the advancing front exhibits a type 1 spread, with long distance dispersal, in Lower Michigan, the spread of 

beech scale is better represented by type 2 expansion where satellites coalesce, increasing spread. Schwalm (2009) concluded 

from surveys in 2005 and 2006 that beech scale spread at 4 and 1.5 km per year in Upper and Lower Michigan, respectively. 

However, data collected from 2005 to 2012 showed spread of distinct scale populations in Upper Michigan have been consistent 

at 4 to 6 km per year, but has only slowed down in recent years, while spread in Lower Michigan was highly variable, ranging 

from < 1 to 14.3 km (Wieferich et al. 2011). This may reflect limited beech availability to the west of current infestation in 

Upper Michigan and south and east in Lower Michigan (Tubbs and Houston 1990). In some regions of Lower Michigan, spread 

rates were as low as < 1 km per year, particularly around Muskegon and 16 Charlevoix Counties. In Emmet County, however, 

spread reached 14.3 km (Wieferich et al. 2011).  

9. Guidelines for uninfested beech are applied to stands greater than 40 kilometers from the Advancing Front. This figure 

may be modified as our understanding of rates of scale, and Nectria movement are enhanced via monitoring plots and yearly 

surveys. In general, these guidelines reduce the basal area of large diameter beech and increase tree species diversity in stands 

with a significant beech component. This reduces within stand rates of spread of the beech scale; reduces negative impacts on 

stand stocking levels; and provides more management options via non-host species abundance.  

 

https://grandhaven.s3.amazonaws.com/pdf_documents/departments/public_works/mulligans_hollow_master_plan_final_2011.pdf
https://grandhaven.s3.amazonaws.com/pdf_documents/minutes/boards_commissions/duncan_park_commission/2021/07202021DPC.pdf
https://www.michigan.gov/documents/dnr/Deer_Management_Plan_542196_7.pdf
https://www.fox2detroit.com/news/why-you-shouldnt-move-firewood-between-michigan-counties
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FAQ's 

  

Why haven't we heard about this problem before? 

The problem has not been very well-publicized, but technically, we have heard. For example, in May 2010, 

MLive published a brief article about oak wilt. A report, "Conservation of Grand Haven Parks Duncan Woods 

& Mulligan's Hollow," prepared by Grand Valley State University's Natural Resources Management Students in 

Forest Ecosystem Management, was presented to the Grand Haven City Council in May 2018. The report lists 

five recommendations for improved forest health, the first of which is to "prevent the spread of beech bark 

disease, oak wilt, and hemlock wooly adelgid." Without much fanfare, in the past few years the city has fully 

treated the hemlock disease in Duncan Woods, Lake Forest Cemetery, and Mulligan's Hollow; previously in 

2015, the city removed two diseased red oaks from the cemetery.  

  

Are the three diseases somehow connected– do they move in tandem? 

Good question. Each of the diseases involves insects. HWA and BBD are non-native invasive insects. 

The third disease, OW, is carried by native sap beetles, but they unintentionally transmit the lethal fungus to 

wounds on healthy trees. If by "in tandem," you mean "with one another," the answer is usually no. So it's an 

unfortunate, perfect storm of trouble that in Grand Haven, the three have arrived more or less together.  

 

Since insects spread the diseases, and since areas surrounding the city contain oak, beech, and hemlock, 

what is the point of trying to protect just our 200 acres? 

Even though the report focuses on three target areas within the city, the ultimate goal is to eventually employ 

best practice treatment approaches for all three diseases in the approximately 6.5 square miles of the entire City 

of Grand Haven, including homeowners' property as well as 200-acres of the forest.  

  

Are there other cities that have been successful in fighting the diseases? If so, what have they done? 

This is an important question. Hyland Park, in Minnesota is probably the best example. Hyland Park is 2,781 

acres and located within a suburban setting where individual park units with a natural resource base are 

interwoven between roadways and residential neighborhoods, similar to Grand Haven. They have been engaged 

in the active management of OW since the late 1970s. The region is heavily infected, but the Parks have 

successfully protected their red oak trees using a monitor and remove strategy.  

Grand Haven has already treated the hemlocks for HW.  There are two strategies for OW and BBD: the first is 

wide local excision—cutting out 100% of the infected Oak trees (OW) and the weak and unhealthy Beech scale 

infected trees (BBD). The second strategy, which applies only to the oaks, is root severing using a vibratory 

plow.  According to Meunier and Bronson (2021), the vibratory plow has been the standard treatment for 

containing oak wilt, with long term data demonstrating the effectiveness. The State of Michigan monitored the 

effectiveness of root-severing trenching using a vibratory plow to control oak wilt in forested settings on 116 

sites in Menominee and Dickinson Counties in the Upper Peninsula of Michigan.  There was an approximately 

97% success rate using a vibratory plow in forested settings.  

 

However, the ability to get a vibratory plow and operator to the oak wilt pocket promptly can be difficult, and 

often the terrain or soil type can be limiting. The girdle and herbicide method for treating oak wilt could be a 

quick, inexpensive alternative applied on any terrain. Wisconsin implemented the girdle and herbicide method 

on 42 different oak wilt pockets and monitored the results for four years after treatment. Results illustrated that 

this method could be highly effective when applied to pockets with few infected trees. 

  

Shouldn't Grand Haven's Public Works department be responsible for taking the steps outlined in the 

report?  

 

https://www.bloomingtonmn.gov/sites/default/files/hba_master_plan_final.pdf
https://www.nrs.fs.fed.us/webinars/rooted/5/
https://silvlib.cfans.umn.edu/content/oak-wilt-treatments-michigan%E2%80%99s-upper-peninsula-state-michigan
https://silvlib.cfans.umn.edu/content/oak-wilt-treatments-michigan%E2%80%99s-upper-peninsula-state-michigan


 

 

Public Works does have some responsibility for the three areas and could become involved, but only if, a. if the 

city recognizes the severe consequences of not treating the diseases, and b. if the city also believes it is a city/ 

Public Works department responsibility to provide treatment.  


