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Chapter 1: Introduction  

Silviculture is an applied discipline that combines art and science to sustainably 

manage forests for a variety of goals (Nyland 2016). Every silvicultural prescription allows 

the silviculturist to be creative in accomplishing management goals and objectives for a 

stand while working within a defined ecological framework. Silvicultural prescriptions 

need to use precise language to convey the management context to future foresters. This 

precision of language is also important because changes in forest management policy as 

well as economic and climatic conditions introduce uncertainty and complexity to 

prescriptions. These evolving challenges necessitate innovative approaches by foresters 

and by extension a need for them to continue to learn and develop as professionals (Millar 

et al. 2007).  

Beyond broader management challenges facing the forestry profession as a whole, 

practicing silviculture can be complex in Minnesota because the state is at the juncture of 

three ecoregions (Bailey 2016). This convergence is a source of diversity within the state’s 

over 7 million hectares of forest with foresters in Minnesota often responsible for a wide 

variety of forest types. The aspen forest type, however—representing both quaking aspen 

(Populus tremuloides Michx.) and bigtooth aspen (Populus grandidentata Michx.)—is a 

prominent part of the landscape, comprising roughly one third of Minnesota’s forests 

(USDA Forest Service 2020). Aspen is an important part of Minnesota’s economy but also 

provides numerous benefits to wildlife (Svoboda & Gullion 1972; Brinkman & Roe 1975, 

Gullion 1988, Johnston 2017, Hillard et al. 2018). The variety of management goals for 

aspen stands and more broadly Minnesota’s diverse forests lead to substantial nuance in 

silvicultural prescriptions.  

Given the inherent complexity of balancing multiple management goals within 

silviculture, multiple types of studies are required to explore the range of conditions across 

temporal and spatial scales. Additionally, knowledge generation within silvicultural is not 

uni-directional, flowing from researcher to manager; rather knowledge is continually 

gained and shared across organizations and disciplines. By combining both the art and 

science of silviculture, my research is building innovative approaches to solving forest 

management challenges. In Chapter 2, I utilized the applied nature of silviculture and used 
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an online platform, the Great Lakes Silviculture Library to study how effectively a case 

study library was able to convey relevant, actionable silvicultural treatments to resource 

managers. In Chapter 3, I explored how long-term data can add knowledge to a 

silviculturist’s toolbox by examining the regeneration response to soil compaction in an 

aspen stand 20 years after a clearcut harvest in northern Minnesota. Finally, Chapter 4 

summarizes and connects results and finding from Chapter 2 and 3 to provide implications 

for foresters’ continuing education opportunities.   
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Chapter 2: Insights into a Case Study Platform as a 

Professional Development Tool for Foresters  

 

Introduction 

Forest ecosystems provide multiple ecologic, societal, and economic values 

(Vitousek et al. 1997, Xu & Bengston, 1997, Eliason et al. 2003, Stephens & Ruth, 2005, 

Cubbage et al. 2007, Ricciardi 2007 & 2013, Collins et al. 2013, Lockwood et al. 2013, 

Ives & Kendal 2014, Ellis 2015). When forests are actively managed, forest management 

treatments which are described in silvicultural prescriptions focus on achieving a set of 

desired future conditions. However in some forest ecosystems, the long timeframe between 

treatments makes clear documentation a priority; a forester may implement a regeneration 

harvest and move or retire before the next intermediate treatment, cutting cycle, or 

regeneration harvest. Consequently, silvicultural prescriptions need to have clear goals, 

objectives, and rationales for future foresters to understand previous silvicultural 

treatments and thus inform future treatments (Nyland 2016). 

Further, changing conditions such as climate, markets, or management priorities 

introduce complexity into prescriptions and require foresters to be innovative as well 

(D’Amato et al. 2018). Millar et al. (2007) suggest a “toolbox approach” that emphasizes 

equipping foresters with the knowledge of a wide variety of management practices. To add 

to their “toolbox”, and because forestry is constantly evolving such that information and 

practices can become outdated, continuing education opportunities for foresters are an 

important aspect of their professional development (National Research Council 2002, 

Eliason et al. 2003, O’Hara & Redelsheimer 2012, O’Hara & Salwasser 2015). The critical 

role of knowledge is also observed in Bloom’s taxonomy, a hierarchical framework for 

realizing education objectives: within this framework, knowledge is the foundation and a 

precondition to further action (Bloom 1956). The challenge for educators is to not only 

ensure that foresters are able to access information to accomplish management goals and 

objectives but then apply it (Wright, 2007).  
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Multiple frameworks and theories have been explored to address the challenge of 

adult learning including self-directed learning (SDL) and peer learning. The former has a 

foundation in adult learning theory which observed that the conventional expert-student 

knowledge transfer method was not the most effective way to educate adults (Lindeman 

1926, p. 8). This led to the formation of five key assumptions that underpin modern adult 

learning theory, including the self-directed nature of adult learning (Knowles 2015, p. 22). 

While SDL drives adults to the deeper exploration of a subject, they are nevertheless either 

teaching themselves or being led by a teacher. In the latter case, the teacher joins them on 

the exploration of a subject, rather than acting as an “oracle” (Lindeman 1926, p. 11). In 

the field of natural resources, when the teacher is a peer there can be a greater level of trust 

(Rickenbach et al. 2005, Gootee et al. 2010) which can lead to an increased understanding 

of the value of active management in accomplishing a landowner’s goals and objectives 

(Schubert & Mayer 2012, Lind-Riehl et al. 2015, Catanzaro & Hamunen 2019).  

Knowles (2015, p. 171) describes two distinct interpretations of SDL, though they 

are not necessarily mutually exclusive. In one case, SDL is seen as self-teaching, such as 

an adult learner taking an independent study course. In the other case, a defining 

characteristic of SDL is personal autonomy, with a particular emphasis on the learner 

contextualizing and questioning the knowledge gained (Knowles 2015, Morris 2019). SDL 

is an important aspect of professional development among employees because it can 

improve individual performance and organizational efficacy (Ellinger 2004, Boyer et al. 

2013, Rana et al. 2016). Private forest landowners often engage not only in SDL but also 

learn from their peers (Kueper et al. 2013, Clarke et al. 2019).  

Peer learning is based on Rogers’ Diffusion of Innovations theory (Rogers 2003) 

that explores how new ideas are adopted over time within a social group. The 

communication of these new ideas is an integral part of how they are received; for most 

individuals embracing an idea depends on both the characteristics and experiences of the 

initial adopters of the innovation and how those initial adopters are perceived by their peers, 

rather than if the idea is objectively valuable or scientifically sound (Rogers 2003). Peers 

can span networks through boundary work which connects people with different 

backgrounds in ways that lead to the benefit of those involved (Star & Griesemer 1989, 
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Guston 2001). Ma and colleagues (2011) observed that a peer learning forum was an 

effective way to engage landowners that were not receptive to previous Extension-led 

workshop efforts, improved landowners’ retention of information, and improved 

satisfaction with the event. Similarly, Kueper and colleagues (2014) interviewed Extension 

forestry peer learning program managers and found that peers were better able to reach out 

to new or underserved demographics than traditional methods of instruction. Landowners 

educated through these programs are more trusted by their peers and their 

recommendations are more likely to influence an undecided landowner compared to 

forestry professionals (Kittredge 2004).  

Many landowner education programs incorporate peer learning principles. 

Examples include the national Master Gardener program (Wolford et al. 2001, Peronto & 

Murphy 2009) or state-level programs such as Oregon Master Woodland Manager 

(Fletcher & Reed 2001), New York Master Forest Owner (Allred et al. 2011),  and others 

(see Snyder & Broderick 1992, Buffum & Modisette 2011, Kueper et al 2013). These 

programs prepare learners to become an effective source of information to their peers, 

connecting in ways a professional often cannot (Peronto & Murphy 2009, Gootee et al. 

2010, Allred et al. 2011, Bauske et al. 2011, Kueper et al. 2014). For example, volunteers 

trained through New York’s Master Forest Owner program influenced their peers to 

implement management activities including establishing goals, writing a plan, or carrying 

out thinning or harvesting activities (Allred et al. 2009).  

Peer learning can also be effective in a professional context. Peer partnerships and 

observation were used between online tutors (Walker & Forbes 2017), university teachers 

(Eisen 2001), and public school principals (Bengston et al. 2012) to facilitate a dialogue 

and allowed them to reflect and develop. In medical education, peer learning helps address 

the complexities of practicing medicine because it integrates patient care with professional 

education, resulting in safer and more effective care (Yardley 2014). Peer learning 

increased self-confidence among nursing students in the same course more than traditional 

instruction, allowing them to better address challenges that occur rather than avoiding them 

(Pålsson et al. 2017). In one instance, several surgery centers implemented a program to 
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describe successes and failures and developed a website to share this data within the group 

(Ishii et al. 2016).  

While medicine and nursing may seem far from forestry, the sharing of successes 

and failures can also improve forest management. For example, successes and less 

commonly failures are often used during field tours. However, there are few cited examples 

of a framework that allows foresters to share silvicultural prescriptions and their outcomes 

with each other in ways designed to foster SDL or to offer peer learning opportunities at a 

larger scale. 

 To address this knowledge gap we used an online platform, the Great Lakes 

Silviculture Library hosted by the Sustainable Forests Education Cooperative (SFEC) at 

the University of Minnesota, to explore if an online case study platform was able to convey 

relevant, actionable silvicultural treatments to resource managers. The Great Lakes 

Silviculture Library (hereafter, the Library) is a free online database of real-world 

silvicultural treatment case studies, contributed by land managers. Developed in 2015 by 

an international collaborative, the Library’s goal is to facilitate knowledge exchange 

among land managers and as a public, accessible platform for foresters and natural resource 

managers to share silvicultural prescriptions and forest management case studies from a 

variety of organizations across region. The Great Lakes region includes the states of 

Minnesota, Wisconsin, and Michigan in the US and the Canadian province of Ontario. The 

Library occupies a niche between rigorous replicated studies designed for peer reviewed 

literature and anecdotes that are common but lack enough context and rigor to draw reliable 

conclusions or to be replicated effectively.  

 The goal of our research is to explore the use and the effectiveness of the Library 

as an educational tool and as a way to connect foresters by sharing silvicultural case studies. 

From website analytics, we knew foresters were visiting the Library, but not how they were 

using or applying case study content. To build on the how, we utilized focus groups to 

gather qualitative data from foresters on their use and perception of the Library. We also 

wanted to explore how case study content affects foresters’ knowledge or confidence in 

practicing silviculture. This kind of information can inform the design of new continuing 

education opportunities to foster learning and innovation by natural resource managers.  
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Methods 
Study Area 

Great Lakes forests of the United States and Canada represent a transition among 

the southern extent of the boreal forest, the western edge of the eastern deciduous forest, 

and northern extent of prairie parkland forests (Bailey 2016). Across Michigan, Minnesota, 

Wisconsin, USA and Ontario, Canada there are over 93 million hectares of forest (Ontario 

Ministry of Natural Resources and Forestry 2020, USDA Forest Service 2020). Much of 

this region was heavily influenced by the most recent glaciation approximately 10,000 

years ago with the exception of the Driftless region in southwestern Wisconsin and 

southeastern Minnesota (Larson & Schaetzl 2001). Consequently, forest types across this 

region range from peatlands with mucky, nutrient-poor soils, to nutrient-rich mesic sites, 

to well-drained sandier soils (Bockheim 2021). While the current landscape was largely 

shaped by the exploitation of timber by Euro-Americans in the 19th- and 20th-centuries 

(Stearns 1997), Indigenous forest management and utilization has occurred for thousands 

of years (Stearns 1997, Trosper 2007). 

Great Lakes Silviculture Library  

The Library was created with the goal of educating foresters through written and 

visual case studies submitted by their peers and capturing their experiential knowledge to 

address the inherent complexity of silvicultural prescriptions. Most content is contributed 

by natural resource professionals, not researchers. Each case study is built on a template 

which ensures consistency in entries (Appendix A).  The template includes sections on 

location, objectives, plant community characteristics, management history, the silvicultural 

prescription, what actually happened, the results of the implemented treatment, lessons 

learned, and the author’s contact information. Before publication on the Library, the draft 

case study is reviewed by Library editors, generally University of Minnesota Extension 

specialists, providing a professional review to ensure content quality.  
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As of April 2021, the Library includes 122 published case studies, classified into 

one of nine distinct cover types found in the Great Lakes region (Figure 1). In 2020, there 

were 4037 total unique users that visited the Library. Over eighty-five percent of these 

users visited the site for the first time in 2020. The overwhelming majority of users were 

from North America (93%).  

 

Figure 1: Percentages of case studies and total views for each forest type found on the 

Library. There were 3327 total views from 1 January 2020 through 31 December 2020. As 

of April 2021 there were 122 case studies.  

Focus Groups 

To better assess how and why foresters were using the Library we held focus group 

discussions in 2019 and 2020. We chose focus groups over surveys because focus group 

data collection, while structured, allows for a free-flowing exchange of ideas and even 

deviations from the topic, allowing the researcher to capture ideas they had not considered 

(Boddy 2005, Krueger & Casey 2015). Focus groups are not statistically representative of 

a population and thus cannot be used quantitatively to define trends, but they can elucidate 

the range of views of a topic as well as creating an opportunity for subjects to be explored 
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in depth (Boddy 2005). Compared to individual or group interviews, focus groups create a 

comfortable environment in which participants are more likely to speak freely, particularly 

when grouped with individuals with whom they share similar characteristics or attitudes. 

In addition, a focus group allows a topic to be more completely explored by the participants 

as they are exposed to different perspectives and ideas that may shape and develop their 

own response to a question (Finch & Lewis, 2003). 

While there is variability within the literature on the number of focus groups needed 

to reach ‘saturation’, Krueger and Casey (2015) recommended the implementation of three 

or four focus groups per category and then evaluating if more may be required. Guest et al. 

(2016) attempted to quantify saturation by implementing forty focus groups with eight 

participants and found that an average of 2.7 focus groups was sufficient to capture 80% 

of the themes associated with a topic, and an average of 4.3 focus groups to capture at least 

90% of the themes.  

Depending on the context and research objectives, focus group size can vary. While 

four was the lowest minimum found in a review of the literature, other recommended group 

sizes range from four to 12 (Tang & Davis 1995, Prince & Davies 2001, Krueger & Casey 

2015). Fern (1982) found that focus groups of eight were more effective at generating ideas 

than focus groups of four, but experienced diminishing returns as group size increased. 

Several factors can contribute to the uncertainty surrounding the optimal group size such 

as the goal of the study (Tang & Davis 1995, Krueger & Casey 2015), number of questions, 

or the expertise or passion of the participants with the topic (Krueger & Casey 2015).  

The focus groups for the Library followed a multiple-category design (Krueger & 

Casey, 2015), stratifying participants according to their role within the organization, 

physical geography, employer, and demographics, and incorporating both viewers and 

authors of case studies on the Library. We used a screener question to ensure that 

participants were familiar with and had used the Library. We sought diversity in 

organizations represented (Krueger and Casey (2015) and avoided including supervisors 

and their direct reports in a single group.  

We held six focus groups during the fall of 2019 through the summer of 2020, 

including 35 natural resource professionals with federal, state, county, tribal, and industry 
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backgrounds (Table 1). One meeting included four participants, the rest ranged from 5 to 

8. Focus group discussions averaged approximately 90 minutes and included discussion of 

eight questions (Table 2) about foresters’ use of the Library, following the questioning 

route described by Krueger & Casey (2015). Although originally planned in-person, public 

health measures during the Covid-19 pandemic limited us to conducting all but two focus 

group sessions online using the video communication software Zoom. Participants could 

join Zoom sessions using their smartphone, landline, or computer.  

Table 1: Focus group participants’ organizations. DNR stands for Department of Natural 

Resources. 

Table 2: A list of the eight questions used for the focus groups. 

 

All of the focus groups were audio-recorded. For each focus group a moderator led 

the discussion and took limited notes while a note-taker, who was also a member of the 

research team, more comprehensively recorded key points. As one component of the 

discussion, participants worked individually to list perceived strengths and weaknesses of 

the Library and then brought their ideas back to the group. For both in-person and online 

focus groups, the moderator used a whiteboard that participants could reference as they 

shared their ideas. The four individuals who called in via telephone participated in this 

exercise but were unable to reference the document. At the end of the focus group, the 

note-taker summarized the discussion during a five-minute period to offer the participants 

a final opportunity to add or clarify comments. 

Organization Federal Minnesota 

DNR 

Wisconsin 

DNR 

Minnesota 

County 

Wisconsin 

County 

Private/NGO Tribal 

Participants 5 10 3 9 1 5 2 

Focus group questions 

What do you reference when you write prescriptions? 

What is one way the Library has informed your work? 

What are some other ways you have used the Library recently?  

What are some strengths of the Library? 

What are some weaknesses of the Library? 

What are some barriers to your use of the Library?  

Can you describe any disappointing or frustrating experiences you've had with the Library?  

What are some ways to improve the Library? 
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Data Analysis  

We transcribed the audio recordings of the focus groups and omitted any personally 

identifiable information. These transcriptions were then loaded into the qualitative analysis 

software NVivo version 11 (QSR International). We coded these transcriptions inductively, 

developing and revising our codebook as our understanding of the data evolved through 

multiple iterations of analyzing the transcripts (Cresswell & Poth 2018). Codes were not 

counted with the purpose of presenting a value in the findings but rather contextualized the 

frequency a concept or thought was mentioned. Coded portions of text were then grouped 

into themes to form the narrative of the research.  

 

Results 

Silvicultural Prescription Development Process 

 The focus groups began with a discussion of sources of information that 

participants consulted when developing silvicultural prescriptions. These sources included 

information on the ecology, economics, policies, and other important topics such as climate 

change or forest health.  One commonly cited tool were regional ecological classification 

systems, which describe typical plant community composition, developmental trajectories, 

and in some cases silvicultural guidance specific to the community (e.g. Kotar, et al. 1988, 

Kotar & Burger 1996, Aaseng et al. 2011). Organizational policy or management plans 

were referenced as they typically provide guidance to inform stand management. 

Participants frequently consulted peers or specialists when writing prescriptions. They also 

referenced resources produced outside of their respective organizations, particularly 

climate change guidelines and publications from partner organizations. Specific examples 

of the latter included single-species management guides (e.g. red pine manager’s guide 

book [Gilmore & Palik 2006]), harvesting guidelines (e.g. Minnesota Forest Resources 

Council 2005), and local natural heritage databases that denote areas of ecological or 

cultural significance. In the context of prescription references, the Library was not among 

the first resources consulted by most participants, but it was commonly referenced when 

developing silvicultural treatment plans.  
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Library Utility 

  Participants viewed case studies on the Library to determine if a certain kind of 

treatment would be feasible and the potential outcomes. One of the most common ways 

participants used the Library was as a reference for prescriptions, informing their 

management of both familiar and less-familiar forest types. One manager described an 

interaction with a coworker related to an intermediate treatment in aspen (Populus spp.), 

which is often managed with the coppice method in the Lake States: “Thinning aspen 

stands… is not what we’ve been doing for the last 30-50 years. The first place I’m going 

to turn to is the Silviculture Library.” Another participant commented, “We certainly use 

the Silviculture Library to look at cover types where we have less experience or sites that 

may have some sort of strange history. Oftentimes I find myself looking at the Library for 

sites that have substantial anthropogenic histories: former farmlands, pasturelands, things 

like that that have unique challenges.” With the recorded results, a case study not only 

serves as a source of inspiration but also can serve as a proof of concept to potentially 

justify alternative management techniques. 

Beyond providing a justification, participants in several focus groups saw the 

potential for case studies to have educational value which included directing early-career 

foresters to the Library to foster their professional development and encourage them to 

problem-solve. Other participants used case studies to guide interns and provide structure 

for some of their seasonal work. Case studies were used in a field tour to demonstrate 

treatments, translating the description and figures on the Library to what the site actually 

looked like on the ground. Another participant thought case studies benefitted the collective 

profession to ensure foresters focused on “pure, practical silviculture training and 

examples.” 

Case studies were perceived to bridge a gap between theory and practical 

application of silviculture principles that benefitted field foresters by providing a structure 

to show how a management problem was addressed. Case studies were viewed as a way to 

provide initial results or questions to guide future research by showing recurring themes or 

challenges that managers were facing. Multiple participants saw the Library as an 

opportunity to document management activities for the long-term, providing guidance to 
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future foresters. The longevity of the Library was also mentioned in the context of 

capturing a forester’s experiential knowledge that may not be widely shared otherwise: “we 

have folks retiring who spent 30 or 40 years really refining and starting to understand, 

particularly natural regeneration, and then they retire and it’s just lost and we spend another 

30 years trying to recreate that information.”  

Participants also saw case studies as an effective way to communicate concepts to 

a variety of stakeholders beyond the forestry profession. Some used case studies to manage 

expectations when interacting with private forest landowners to display an outcome of a 

treatment. One focus group participant had used case studies in a landowner workshop to 

show different options for management on their land, finding that a case study was a 

detailed, concise resource that could easily be handed out to landowners. Case studies could 

also be used to convey information to granting boards or the general public, allowing 

employees to highlight management practices in a succinct format.  

Strengths of the Library 

Participants saw the diversity among treatments, landowners, and forest types in 

case studies as a strength. They observed that while the Library was forest-centric there 

were still opportunities for a case study to reflect wildlife habitat considerations or 

managing with certain species of concern, either plants or animals, in mind. The variety of 

organizations and individuals who have contributed case studies was mentioned as 

extremely valuable; it allowed visitors to see how managers from other organizations or 

states were managing a similar forest type. This idea of “seeing what the neighbors are 

doing” coupled with the regional focus—from Minnesota, USA to Ontario, Canada—was 

especially valuable in the context of climate change with shifting tree ranges.  

Participants across focus groups acknowledged the benefits of being able to share 

“information and experience across agencies, ownerships, [and] individuals”. The Library 

facilitated communication between foresters by providing the contact information for a 

case study author. One participant noted that they used that information to set up a field 

tour for some of their staff to visit a site and see the implemented treatment firsthand with 

the case study author. By sharing methods and outcomes participants believed that there 

was a financial benefit to visiting the Library. Viewing case studies allowed participants to 



14 

 

see successful treatments they may want to emulate or see treatments that may not have 

gone as planned and in doing so prevent unintended consequences.  

Participants felt that another strength of the Library is its value as an archive and 

the potential that it could enable understanding of the outcomes of silvicultural treatments 

over many years. They felt that case study submission was contributing to a resource that 

“intends to supersede the management of our generation” and that subsequent data 

collection following the implementation of a treatment was an important aspect to show 

the effects across years. One participant felt that the Library “has more of a long-term 

objective in mind of keeping and documenting this information so that people can monitor 

whether these systems are working across the Lake States, kind of in a bigger-picture 

sense.” This would provide more context to managers determining if a documented 

treatment was feasible but also had historical value in showing how management activities 

change over time. Participants felt that having the Library hosted by a university was likely 

to contribute to its longevity. 

In terms of logistics, participants noted one of the Library’s key strengths was a 

consistent case study template (Appendix A). Case studies were viewed as robust enough 

to replicate a silvicultural treatment by providing sufficient information and context 

without going into the level of detail commonly found in a peer-reviewed study. One 

participant noted “one of the things that I really like is the consistent format and content … 

and the amount of information that’s included. Just having consistency of what the 

minimum requirements are to put into the case studies is I think really valuable because 

then it allows for comparison back and forth.” Participants noted that this uniformity across 

case studies allowed them to go directly to certain sections when browsing to determine if 

a given case study was relevant to them. The content presented in a case study was viewed 

as a strength because case studies are comprised of “field-level data for field-level people”. 

Participants who had authored case studies generally found that submitting case studies 

was straightforward because the template was populated with existing information 

collected from field inventories and silvicultural prescriptions. The template also allowed 

them to reflect and note any special considerations or differences between the prescription 

they wrote and its implementation. 
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For the current volume of 122 case studies the website was perceived by 

participants as organized, professional, and easily accessed. Participants felt the website’s 

layout was intuitive and easy to navigate with multiple ways to find information (i.e. 

searching and browsing). The professional appearance and connection with the University 

of Minnesota lent credibility to the hosted content. The accessibility of the site in particular 

was a strength: “anybody could put something in, it doesn’t have to be upper management, 

it could be technicians, foresters … it could be academic, it could be just observations—it 

really does capture a really nice splash of what’s happening”. 

Weaknesses of the Library 

 Participants across all focus groups noted several opportunities to improve the 

platform. For example, participants felt that the diversity of published case studies was a 

strength but some also felt that the breadth of topics on the Library did not adequately 

address certain key challenges facing managers. One commented “through [the USDA 

Forest Service Northern Institute of Applied Climate Science] we know about strategies 

and approaches for climate change and mitigation but then the tactics aren’t really fleshed 

out. That’s a real big thing people are asking about, but we don’t have anything out there 

about what are some potential tactics that you could apply to each of those approaches that 

are listed.” In other words, these participants would have liked to see case studies testing 

climate adaptation tactics. Other participants noted that too many submissions were 

regeneration-focused and neglected other important parts of a silvicultural system. They 

also felt that Library staff should solicit case studies dealing with a specific topic such as 

invasive species management or herbicide application to increase content on the Library 

and relevance to managers.  

Participants would have also liked to see more “failed” treatments on the Library. 

One participant noted that often they “don’t hear about when people had this great idea and 

it didn’t work, so we go and have that same great idea and it doesn’t work for us either.” 

While showing failed treatments can be a cost savings by keeping others from 

implementing such a treatment on their own land, it can also provide an opportunity for a 

forester to expand on and refine a documented treatment.  One participant suggested going 

a step further and directly linking case studies to allow others to compare and contrast the 
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implementation and results across multiple iterations of a treatment. Participants 

acknowledged, however, that they would hesitate to submit a treatment that had a 

surprising negative outcome due to concern with how their work may be perceived. In other 

words, they feared that failed treatments might reflect poorly on them personally. 

Regardless, the lack of failures on the Library was viewed as a weakness of the platform. 

 Many case studies report results one to five years after the treatment, which may be 

too early to document long-term outcomes. If the case study is not updated, it can be 

difficult for foresters to determine long-term outcomes or desirability of implementing 

similar treatments. Participants felt that a lack of longer-term outcomes reflected the 

Library’s relative youth but acknowledged the value of seeing results several years after 

the implementation of a treatment. One noted “you really care about the stuff that’s alive 

5, 10 years down the line, not the stuff that’s alive a year later.” The Library lacks a 

systematic way to follow up with case study authors, and participants felt that this was a 

shortcoming since many case studies were not updated after the initial submission.  

Barriers to Submitting Case Studies on the Library 

 Several weaknesses of the Library platform relate to the challenge of encouraging 

resource managers to write and submit case studies. A significant barrier to submitting case 

studies was time; publishing case studies was not the first priority for participants. Because 

authorship doesn’t fall within any of their normal work obligations, one participant was 

uncertain to whom they should bill the hours they spent working on a case study. Even 

using the Library as a reference when writing prescriptions was viewed as a luxury by some 

participants, one of whom said “I don’t always have that much time to play around with 

my prescriptions, it’s more ‘tried-and-true.’”  

Additionally, there can be a time delay between when a case study is started and 

when it is finished.  For example, a forester may start entering information into the case 

study template when the silvicultural treatment is written and/or approved but there may 

be delays in the treatment’s implementation or that forester may move to a different office 

before post-treatment data are collected. Because submitting case studies is voluntary, 

some participants thought that management support would help with the use of work hours 
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to write up and submit case studies or to ensure accountability for case study drafts in 

progress.  

Some participants described their silvicultural treatments as “common” or 

“standard procedure” and did not feel that they were “novel” enough to be published. One 

participant noted “you experiment with something and that’s more interesting than ‘I did 

what I know and I got what I thought.’” Another said “I think that’s kind of what’s kept 

me from submitting anything, I just don’t think I’ve done anything that stands out that 

much that seems like it would be of interest to most people.” Additionally, there is a time 

component; some participants mentioned that they have observed unexpected outcomes 

later in the process but the data are no longer accessible to complete a case study.  

 

Discussion 

Focus group data clearly confirmed that the Library is filling a niche, providing a 

novel way for natural resource managers and foresters to document, share, and transfer 

knowledge across the profession and with decision-makers and the general public. Case 

studies appeal to a print-oriented learning style but can be used in conjunction with other 

instructional methods to better deliver information because they are grounded in real-world 

scenarios (Savery 2015). In addition, case studies incorporate principles of SDL in that 

professionals contextualize the case with their own experience and knowledge which is 

more impactful than information that is delivered in other formats (e.g. a lecture) (Savery 

2015). 

Several focus group participants viewed the Library as an opportunity to 

communicate practical problems and potential solutions from a resource manager’s 

perspective. Documenting these challenges gives practitioners visibility and a voice; some 

participants mentioned using the Library to work with or communicate concepts to 

individuals outside of the natural resources field. One participant used a case study to 

demonstrate their work and justify the need for funding to a granting board while another 

used case studies when interacting with landowners through workshops. By spanning the 

boundaries of two different groups (e.g., scientists and foresters, or foresters and non-

industrial private landowners) the Library represents a boundary object (Guston 2001). An 
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important part of effective boundary work is that the information is relevant including how 

the end-user will apply the knowledge (Cash et al. 2003, Enquist et al. 2017). The Library 

is grounded in practicality with a goal of capturing and sharing the experiential knowledge 

of on-the-ground foresters and this format lends itself to work on the boundary between 

forestry professionals and multiple types of collaborators. 

Participants used case studies to structure instructional opportunities to fellow 

professionals such as field tours or workshops. In his focus groups comprised of forestry 

professionals, Guldin (2019) found that visiting a treatment site engaged five of the seven 

perceptive learning styles first described by French (1975): visual, kinesthetic, interactive, 

aural, and haptic. When a field tour is supported by a published digital case study, the 

information appeals to a wider range of learning styles by incorporating printed material 

with the full context of a field tour stop. This provides information during the field tour 

which can also easily be accessed and shared after the tour; thus connecting individuals on 

the tour with those not in attendance.  

Learning using real-world scenarios such as those described in case studies allows 

professionals to bridge theory and practical applications (Peterson et al. 1999, Ryan & 

Marlow 2004, Savery 2015). These real-world scenarios can also increase professionals’ 

confidence to apply the knowledge in their own contexts (Peterson et al. 1999, Pålsson et 

al. 2017). This is consistent with the comments from some participants who felt that the 

Library gave foresters, especially those newer to the field, greater confidence in carrying 

out their work.  

While the Library can and is providing many benefits, one of the challenges of the 

Library is that the content is produced by natural resource professionals. Participants noted 

time as the most prominent barrier using and creating content on the Library. Increased 

employment is unlikely (Toth et al. 2019), leading to foresters to have to take on multiple 

roles or increase their responsibilities. Regardless of the amount of management support 

for use of the Library, the writing and submission of case studies is one of several priorities 

for foresters. This limited time could contribute to inconsistent content quality, a weakness 

noted by participants.  
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To address this issue of time, undergraduate students and interns at the University 

of Minnesota have helped foresters write case studies and represent one way to address the 

linked issues of foresters’ lack of time and inconsistent content quality on the Library while 

also allowing students to essentially co-produce knowledge with foresters. This assignment 

creates opportunities for students to form relationships with foresters, gain practical 

experience in silvicultural prescriptions, and provides the forester an opportunity to 

document their work. Participants that had authored case studies with students in the past 

noted the value of this writing assistance, having already visited the treatment site and 

collected data themselves in the course of their work (Windmuller-Campione and 

Shaunette 2021). Other methods of facilitating case study creation are utilized in the 

medical field which include the development of a ten-step process to create case studies 

that better meet professional learners’ diverse needs (Ryan & Marlow 2004) or by 

integrating the creation of case studies into an online continuing education curriculum 

(MacNeill et al. 2014). 

The medical field is also currently utilizing case studies for successes and failures 

(Ishii et al. 2016). Failures or unexpected outcomes were noted by participants as extremely 

useful but underrepresented. Within the medical field the goal of publishing failures was 

to provide higher quality care to patients (Starker & Chinn 2018). There are parallels 

between practicing medicine and silviculture in that each case is unique and complex and 

the professional needs to continue to learn as methods evolve and new information emerges 

(Millar et al. 2007, Closson 2008, Muench 2018). Despite some participants’ concerns 

about submitting failed treatments to the Library these failures can advance the profession 

by providing opportunities for insight, reflection, and the improvement of silvicultural 

practices.  

The Library is providing numerous positive outcomes for forest management and 

continuing education.  However, there must be the acknowledgement of the effort that goes 

into a case study; this represents a balance the submission process between revising a case 

study to meet the highest quality standard and simply publishing it because the author 

cannot commit their time to multiple rounds of revisions of their draft. Thus, for the Library 

to continue increasing in success and use, it will require prioritization within forest 



20 

 

management organization to integrate the submittal of case studies into existing workloads 

and more broadly support the use of the Library among their employees as a resource and 

as a way to potentially facilitate the co-production of knowledge with collaborators. 

Conclusion 

Our findings suggest the Great Lakes Silviculture Library is an effective way to 

educate foresters and provides a platform to communicate their work within and beyond 

the profession. Many of the strengths of the Library stem from the case study format itself 

which succinctly provided enough detail and context for foresters to replicate a peer’s case 

study or demonstrate their own treatments to fellow practitioners, scientists, and members 

of the public. The diversity of case studies on the Library was both a strength and a 

weakness. While there is a steady flow of new content care needs to be taken to ensure that 

case studies are meeting the needs of foresters. Case study submissions should be 

encouraged regardless of the treatment outcome as failed treatments were viewed as 

beneficial to peers. Despite the broad range of applications for case studies hosted on the 

Library, foresters’ increasingly varied work obligations limited the time they could spend 

using the platform. The complexity of practicing silviculture highlights the need for 

effective educational resources to ensure that foresters are well-equipped to sustainably 

manage forest resources to meet society’s diverse needs. 
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Chapter 3: Regeneration response within an Aspen Stand to 

Soil Compaction 20 Years after Harvest in Northern 

Minnesota 

Introduction 

Quaking aspen (Populus tremuloides Michx.) is a shade-intolerant pioneer species 

with the largest distribution among trees across North America (Perala et al. 1990). 

Quaking aspen provides numerous ecological benefits across its range such as food and 

cover for a variety of mammals and birds, increased biodiversity and soil productivity 

compared to conifer-dominated ecosystems, and has significant economic value in both 

pulp and dimensional lumber markets in certain regions (Gullion 1988, Ste-Marie & Paré 

1999, Isebrands & Karnosky 2001, Shepperd et al. 2006, D’Amato et al. 2008, Hoganson 

et al. 2017, Walton et al. 2019, Rogers et al. 2020). In the Great Lakes region of the United 

States (Minnesota, Michigan, and Wisconsin) quaking aspen is observed to co-occur with 

another aspen species, bigtooth aspen (Populus grandidentata Michx.). While there are 

differences between the two species—e.g. bigtooth aspen is not competitive on as wide a 

variety of sites compared to the more ubiquitous quaking aspen (Perala et al. 1990)—

quaking and bigtooth aspen are often grouped together within the aspen forest type.  

Prior to Euro-American colonization, Minnesota was a mix of multiple different 

forest communities and types (Goring et al. 2016). After exploitive logging practices by 

Euro-Americans and subsequent fires during the early 19th century, aspen increased in 

dominance through both sexual and asexual reproduction across the highly disturbed 

landscape (Stearns 1997, Cleland et al. 2001). Consequently aspen is a critical part of the 

forest economy and ecosystems of the Great Lakes and Minnesota in particular. Absent 

disturbance in the Lake States, aspen succeeds to its shade tolerant associates following 

trajectories that depend on site moisture and fertility, with dry sites shifting to red pine 

(Pinus resinosa Ait.), red maple (Acer rubrum L.), or oak (Quercus spp.) and wetter or 

more fertile sites transitioning to northern hardwoods or a mix of white spruce (Picea 

glacua [Moench] Voss) and balsam fir (Abies balsamea [L.] Mill.) (Hansen & Kurmis 

1972, Brinkman & Roe 1975, Bergen & Dronova 2007).  
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In Minnesota, the aspen cover type—including both quaking aspen and big-tooth 

aspen—comprises over two million hectares, almost one third of Minnesota’s 7.1 million 

hectares of forestland (USDA Forest Service, 2020). Almost 1.5 million cords of aspen are 

harvested annually in Minnesota (Hillard et al. 2018) and used to produce paper, 

dimensional lumber, and structural composite lumber (Stanturf et al. 2001). Aspen is a food 

source for wildlife such as ruffed grouse (Svoboda & Gullion 1972; Gullion 1988), beaver 

(Allen 1983; Johnston 2017), and ungulates (Brinkman & Roe 1975). Aspen also provides 

habitat for a variety of birds depending on stand age and stem density (Walton et al. 2019), 

notably offering cover for ruffed grouse year-round, with the years immediately following 

regeneration through the stem exclusion phase observed as most beneficial (Gullion, 1990). 

For ungulates, the high density of suckers after a stand-replacing disturbance such as a 

clearcut provides ample browse (Brinkman & Roe, 1975), although white-tailed deer do 

not prefer aspen as a food resource in winter (Brown, 1991). Production-oriented 

management of aspen in the Lake States is thus not mutually exclusive with management 

for wildlife benefits. 

In Minnesota the dominant harvest system for aspen, particularly on production-

oriented stands, is coppice or clearcutting with rotation ages between 35 and 50 years 

(Stone et al. 2001). The distinction between coppice and clearcutting can be difficult to 

delineate due to the possibility of both sexual and asexual reproduction within a stand; 

whether sexual or asexual, aspen regenerates vigorously (D’Amato et al. 2009). Given the 

common usage of referring to aspen harvesting as clearcutting in Minnesota (Windmuller-

Campione et al. 2020), we will also use that terminology.  

In Minnesota, clearcutting leads to the highest density of suckers compared to other 

silvicultural systems (Perala 1990). While intermediate treatments can be used within an 

aspen stand, particularly on higher quality sites, thinning aspen stands is generally 

unnecessary when fiber production is the goal due to aspen’s fast growth, strong 

intolerance to shade, and natural pruning (Perala et al. 1990). Aspen’s silvics are also 

conducive to the production of biomass from aspen forest types, although this process can 

lead to site degradation due to the removal of nutrients from the site (Klockow et al. 2013).  
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Whether harvesting for pulp or biomass, maintaining the long-term productivity of 

aspen is a goal and has been actively researched in the Lake States. One way in which long-

term productivity can be impacted is through the timing and equipment used during a 

harvest especially when considering soils (Curzon et al. 2014, Slesak et al. 2017, Jankovský 

et al. 2019). Rutting as a result of ground-based harvesting equipment can disrupt site 

hydrology (Grigal 2000), negatively affect tree volume (Perry 1964), and decrease 

suckering (Bates et al. 1993). Soil compaction similarly can limit vegetative reproduction 

(Shepperd 1993, Stone & Elioff 1998). Ponder and colleagues (2012) observed a decrease 

in biomass when bulk density increased by an average of 18% in aspen communities after 

10 years. Longer term results in aspen showed that after 15 years tree density had decreased 

by almost 3000 stems per hectare on sites with compaction that increased bulk density by 

30% compared to the control (Curzon et al. 2014). Even when reducing equipment traffic, 

compaction can still affect site productivity due to the exponential effect multiple passes 

can have on soil strength and bulk density (Grigal 2000, Williamson & Neilsen 2000, 

McNabb et al. 2001, Rahman 2019). Zenner and colleagues (2007) observed a lack of 

research that explicitly quantified site traffic, instead finding that work often applied visual 

classifications of soil disturbance as a result of skidding traffic (Reisinger et al. 1992, Smidt 

& Blinn 2002, Berger et al. 2004) which can be inconsistent (Aust et al. 1998). 

While previous studies used visual indicators of soil disturbance to quantify 

harvesting impacts, Slesak and colleagues (2017) quantified soil recovery 20 years later by 

measuring bulk density following three levels of compaction at Long Term Soil 

Productivity installations. However, there are limited examples of studies that tracked 

harvesting equipment and recorded the number of passes on a site (Solgi & Najafi 2014, 

Rahman 2019) and very few that tracked soil recovery two decades after a harvest was 

carried out. Zenner and colleagues (2007) found that soil recovery varied inversely with 

depth, with soil resistance to penetration (RP) deeper in the soil recovering less than 

shallower depths, though full soil recovery varies greatly and is dependent on several 

factors. In addition, they found no statistically significant relationship between soil 

resistance to penetration and aspen diameter, density, or height three years after harvest. 

However, Zenner and colleagues (2007) note as a caveat that initial effects of soil 

compaction on growth might not be readily apparent in the years immediately following 
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harvest but rather be revealed as the suckers mature. Further research is needed to 

determine the long-term effects of harvesting activities on soil recovery and aspen 

productivity.  

The overarching goal of my research is to quantify above- and below-ground 

response and recovery of an aspen stand twenty years after harvesting. Specifically, this 

research quantifies and explores the relationship among stand structure, density, and 

composition across a compaction gradient. Additionally, I have quantified the below-

ground response to harvesting by measuring soil compaction to simulate soil resistance to 

root penetration. There are limited examples of long-term studies that quantify skidder 

traffic and aspen productivity. It is also challenging to fully quantify harvesting impacts on 

aspen productivity before growing space in the stand is fully occupied. Therefore it is 

necessary to expand on the soil compaction studies carried out with shorter time horizons 

and explore soil recovery and the impacts of soil compaction on aspen growth and density 

two decades after harvest.  

Methods 

Study Area 

The study site, commonly referred to as the Boone Trust Property, is located in 

northern Minnesota, USA (Sec. 30, Township 55N, Range 21W). Mean monthly 

temperatures at the Hibbing weather station 30 kilometers north of the study site range 

from -12.9°C in January to 20.0°C in July with a mean annual temperature of 4.5°C. 

Annual precipitation averages 816 mm with the most precipitation occurring in the summer 

months. The soils on the site are well-drained with generally medium to coarse textures 

ranging from silt loam to sandy loam.  

The Boone Property is an 81-hectare tract currently owned by the University of 

Minnesota and under the management of the Cloquet Forestry Center, acting as a forestry 

research and demonstration area. In 2000 an experimental clearcut harvest on 8 hectares 

was implemented to quantify the impacts of skidding traffic on aspen growth, yield, and 

community composition. At the time of the harvest the stand was 55 to 65 years old, 

dominated by paper birch (Betula papyrifera Marsh.), yellow birch (Betula alleghaniensis 
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Britton), quaking aspen, and bigtooth aspen with a minor component of red maple, sugar 

maple (Acer saccharum Marsh.), red oak (Quercus rubra L.), basswood (Tilia americana 

L.), and balsam fir.  

 

Figure 2: Plot locations in designated skid trails following harvest; harvesting equipment 

traffic is shown in light gray. Pass number is shown above each plot. The landing plot 

with 350 passes was ultimately removed from analysis following a change in the skid-

trail layout. Image credit Jeremiah Fauskee, 2004. 

Sampling Procedure 

Prior to harvest, 30 rectangular permanent plots (3 x 20 m) were established for 

pre-harvest sampling (Zenner et al. 2007). One plot was located on the designated landing 

area, 22 plots on areas covering the range of disturbance on skid trails, and seven plots on 
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areas expected to be undisturbed by the harvesting operation (Figure 2). UTM coordinates 

for the plot centers were recorded as well as the azimuth for the orientation of each plot.  

The regeneration harvest took place in August of 2000. Oak, maple, basswood and 

northern white-cedar (Thuja occidentalis L.) were reserved while all quaking aspen, paper 

birch, and balsam fir greater than 11.4 centimeters diameter at breast height (DBH) were 

clearcut, utilizing a full-tree harvest system. The feller-buncher and skidder were 

monitored using a GPS receiver mounted on the equipment and, where possible, only one 

piece of equipment operated at a time to allow for more comprehensive monitoring. 

Compaction classes were delineated based on the number of passes through a given plot. 

The control had 0 passes through a plot (n=6), low 1-10 passes (n=3), medium 11-100 

passes (n=12), and the highest traffic class had 100 or more passes with a maximum of 603 

(n=8). During harvesting, operators changed the skid-trail layout which ultimately led to 

the removal of the landing plot from analysis (Zenner et al. 2007). 

There was a wide variety of data collected on each permanent plot (Table 3). Prior 

to harvest the overstory, ground vegetation, advance regeneration, soils, and coarse woody 

debris (CWD) were all recorded. The same data were recorded after harvest the subsequent 

spring and fall in addition to several measures of harvest impact such as the condition of 

stumps and a visual assessment of soil conditions. Soil conditions were visually assessed 

within a 0.5 meter by 1 meter subplot at plot center and at each end of the plot by classifying 

the visible layer of soil as one of litter, organic soil, mineral soil, muck, or slash/non-soil. 

Also within the subplot a disturbance category was assigned as one of undisturbed, 

trafficked, scarified, gouged, rutted, or mounded/covered/unknown.  
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Table 3: Data collection on the study site between 1999 and 2020. 

Data Collected 

Year sampled by 

Zenner & Colleagues Moser 

1999 2000 2003 2020 

Pre-harvest overstory X    

Residual overstory  X X X 

Herbaceous layer X X X  

Advanced regeneration X    

Regeneration  X X X 

Soil bulk density X X X  

Soil penetrometer X X X X 

Soil visible layer classification  X X X 

Coarse woody debris  X X  

Stump condition  X X  

Deer browse   X  

 

My graduate work for this chapter focused on the overstory, regeneration layer, and 

soil, and data collection occurred in the summer of 2020. Trees over 12.7 cm DBH were 

considered overstory trees. I measured the overstory composition and basal area in a 2-m2 

prism plot from the center of each permanent plot. I recorded species, DBH, live crown 

ratio (LCR) and crown density using the same crown density classes as the original 

researchers (fully leafed, 20 to 50% leaf loss, >50% leaf loss). To characterize regeneration 

density and composition I also recorded all living tree species within the permanent plot 

that were at least thirty centimeters in height up to 12.7 centimeters DBH, and height and 

diameter on all standing snags at least 5 cm DBH. For each living tree I recorded the 

species, the DBH, a best estimate of the source (seed or sprout), and for every tenth tree, 

the height.  
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I sampled soil resistance to penetration (RP) in the fall of 2020 using a Humboldt 

HS-4210 static cone penetrometer with a 1.5cm2, 60° angle cone at 5 locations spaced 

equidistantly along a transect within the plot. Prior researchers on the site (Zenner et al. 

2007) sampled between 10 and 40 points within a plot using a Rimik CP 20 penetrometer. 

Matching the methods of Zenner and colleagues (2007) at each point, I took penetrometer 

readings, in pounds, at 1.5 centimeter increments down to a depth of 15 centimeters after 

slash and the duff layer were removed. I also conducted a visual assessment of harvesting 

impact at plot center and at each end of the plot using a 0.5 meter by 1 meter rectangular 

subplot using the same visible layer and disturbance category classifications as the original 

researchers.  

Statistical Analysis 

I calculated trees per hectare (TPH) and basal area per hectare (BAPH) for the 

regeneration layer (all trees height > 0.3 m and DBH < 12.7 cm) and overstory (all trees 

DBH > 12.7 cm).  I also calculated quadratic mean diameter (QMD) for the overstory. 

Utilizing the TPH values I created diameter distributions stratified by compaction class for 

the regeneration layer and overstory.  

Since soil RP values cannot be compared across years (Berger et al. 2004) they 

needed to be relativized to the control plots within a given year. Specifically, 2020 soil 

penetrometer readings were relativized by dividing RP values into the mean RP values 

from plots with 0 passes to calculate the soil relative resistance to penetration (RRP). Soil 

RRP values were then compared across years using repeated measures ANOVA. One- and 

two-way repeated measures ANOVA were carried out to explore relationships among 

RRP, compaction class, soil depth, and tree characteristics in the regeneration layer. All 

analyses were performed using R version 3.6.1 (RStudio) at an α = 0.1 significance level.  

Results 

Summary Statistics  

Live overstory basal area was variable across the four levels of compaction with 

the low compaction class resulting in significantly higher live overstory basal area than the 

medium (P=0.00578) and high (P=0.0378) classes (Table 4). There was also high 
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variability in regeneration density across the compaction levels; the lowest compaction 

class contained significantly more regeneration (2277.8 TPH ± 178.6) than the other 

compaction classes (Table 4); there was no significant difference in density between the 

medium and high compaction classes. Similar differences among compaction classes were 

observed for aspen regeneration density; the low compaction class contained significantly 

higher regeneration (1222.3 ± 369.9 TPH) compared to the control (P<0.001), medium 

(P<0.001), and high (P<0.001) (Table 4). While birch regeneration density varied across 

treatments there were no significant differences in birch density in the regeneration layer 

among the four compaction classes (Table 4). Quadratic mean diameter (QMD) for the 

overstory ranges from 20 cm in the high to 28.1 cm in the low but did not differ 

significantly among compaction classes. 

There were some notable differences among the diameter distributions in the 

regeneration layer (height > 0.3m; DBH < 12.7cm) across the compaction classes (Figure 

3). The low compaction class on average had much more regeneration than the other 

treatments and exhibited a reverse-J diameter distribution with a large proportion of the 4 

– 6 cm DBH classes composed of aspen (777 TPH or 61%).  There was also a large 

proportion of birch documented in the 2 to 6 cm classes. The medium and high compaction 

classes had lower stocking levels than the low and control classes, with flat diameter 

distributions. Regeneration species composition differed as well with markedly less aspen, 

birch, and maple in the medium and high classes. The control had a roughly unimodal 

distribution with a small peak in the 4 – 6 cm DBH classes. The control treatments had a 

consistent component of balsam fir across the 2 – 8 cm DBH classes. By comparison the 

low, medium, and high compaction classes had far less balsam fir regeneration in all but 

the smallest diameter class. The control also had more maple on average in the 4 – 6 cm 

DBH classes (143 TPH) than the medium (15) and high (12). 
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Table 4: Summary statistics for the overstory and regeneration layer with the associated standard errors in parentheses sampled in 

2020. Letters denote significant differences between treatments (P<0.1). 

 Compaction Plots Overstory Live 

BAPH (m
2
) 

Overstory 

Live TPH (m
2
) 

Overstory 

QMD (cm) 

Regeneration 

TPH 

Aspen TPH 

Regeneration  

Birch TPH 

Regeneration  

Control 6 5.3 (1.5) ab 37.5 (16.7) a 24.8 (2.6) ab 1129.6 (146.4) b 449.1 (129.8) a 46.3 (24.5) a 

Low 3 6.7 (3.7) b 45.7 (29.8) a   28.1 (2.9) a 2277. 8 (178.6) c 1222.3 (369.9) b 407.4 (111.1) a 

Medium 12 4.2 (0.9) a 10.4 (3.0) a   25.3 (1.9) ab 601.9 (44.0) a 309.1 (41.6) a 121.6 (44.5) a 

High 8 3.1 (0.9) a 12.6 (4.1) a   20.0 (1.0) b 553.5 (84.9) a 212.0 (62.7) a 96.7 (27.3) a 
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Figure 3: Regeneration DBH class distribution for each traffic class by two cm DBH 

classes. The control had 0 passes through the plot (n=6), low 1-10 passes (n=3), medium 

11-100 passes (n=12), and the highest traffic class had 100 or more passes with a maximum 

of 603 (n=8). 

Soil Recovery 

 Pre-harvest soil RRP was measured in 1999. At all depths in the medium and high 

traffic classes, RRP increased significantly (P<0.001) immediately following the harvest 

in 2000 (Figure 4). In 2003 RRP in the medium and high classes at all depths had decreased 

significantly (P<0.001) with differences in RRP between 2000 and 2003 most pronounced 

in the top ten centimeters. In 2003 in the top five centimeters there were no significant 

differences between the control, low, and medium classes while the high class was 

significantly higher than each other class (P<0.001). At 5-10 centimeters, the medium class 

had significantly higher RRP than the control (P=0.0145) but was not significantly 

different from the low (P=0.371) or high (P=.434) classes. From 10-15 centimeters all 

traffic classes were significantly different from each other. 
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Table 5: F-statistics and corresponding P-values for harvesting equipment compaction 

effects at three depth classes. Penetrometer readings were taken in 1.5 centimeter intervals 

between 1.5 and 15 centimeters below the bare mineral soil surface. 

 0-5 cm depth 5-10 cm depth 10-15 cm depth 

Effect F-Stat P-Value F-Stat P-Value F-Stat P-Value 

Compaction 111.68 <0.001 65.24 <0.001 762.5 <0.001 

Year 145.14 <0.001 60.08 <0.001 471.7 <0.001 

Compaction*year 55.09 <0.001 16.55 <0.001 111.4 <0.001 

 

Soil had largely recovered in all treatments by 2020. There were no significant RRP 

differences among any of the compaction classes at the soil surface (0-5 cm). RRP at the 

soil surface was not significantly different between 2020 and pre-harvest conditions in 

1999 for any of the classes (Figure 4). From 2003 to 2020 RRP decreased significantly 

within the high traffic class (P<0.001) but not the control, low, and medium traffic classes. 

This trend continues at depths of 5-10 centimeters with no significant differences among 

traffic classes in 2020, a significant decrease in RRP in the high class (P=0.004), and no 

significant difference in RRP for any class between 1999 and 2020. At a depth of 10-15 

centimeters the medium and high traffic classes had similar RRP values but were 

significantly different from the control and low (P<0.001) in 2020. The medium and high 

classes had significantly lower RRP in 2020 than they did in 2003 but had not yet returned 

to pre-harvest levels (P<0.001).  However, in 2020 the low traffic class RRP had returned 

to its 1999 level (P=0.257). 

While we assessed soil conditions in a total of 90 subplots (0.5 x 1 m), only one 

showed evidence of harvest-related disturbance in the form of gouging. In our visual 

assessment of the soil surface across all 90 subplots we found either leaf litter or herbaceous 

vegetation as the dominant cover.  
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Figure 4: Soil relative resistance to penetration (RRP) at five-centimeter depth intervals 

pre-harvest (1999), immediately after harvest (2000), and 3 (2003) and 20 (2020) years 

after harvest. Asterisks (*) denote significant differences among treatments. 

Measurements from 1999, 2000 and 2003 are from Zenner and colleagues (2007). 

Influence of Compaction on the Regeneration Layer 

No significant relationships were found between RRP at any soil depth and aspen 

or birch density in 2020. In the top five cm of soil, increasing RRP had a significant 

negative effect on balsam fir density (P=0.0325) while at a depth of 10-15 centimeters RRP 

negatively affected red and sugar maple density (P = 0.0768). There was not a significant 

relationship between the compaction within a plot and total regeneration DBH (P=0.75; 

R2=0.004) (Figure 5), basal area per hectare (P=0.42, R2=0.0225), or total height (P=0.115, 

R2=.08) of regenerating individuals of all species. Similarly, there was not a significant 

relationship between compaction and aspen regeneration DBH (P=0.18; R2=.0625). 

However, as compaction increased, aspen height decreased (P=0.0863; R2=0.102). 

Compaction level had a significant negative effect on regeneration density of all species 

(P=0.032, R2=0.16) (Figure 6). As compaction increased, aspen density significantly 
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decreased (P=0.0365) as well as maple density (P=0.096). There was no relationship 

between balsam fir or birch density and pass number within plots.  

 

Figure 5: Linear regression of the average plot DBH (n = 29) in the regeneration layer and 

corresponding pass number. The regeneration layer is defined as all trees with a DBH less 

than 12.7 centimeters and height greater than 0.31 meters. There was no significant 

relationship between pass number and regeneration layer DBH (P=0.75; R2=0.004).  
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Figure 6: Linear regression of the average plot trees per hectare (TPH) (n = 29) in the 

regeneration layer and corresponding pass number. The regeneration layer is defined as all 

trees with a DBH less than 12.7 centimeters and height greater than 0.31 meters. Pass 

number had a significant negative effect on regeneration density (P=0.032, R2=0.16). 

Discussion 

Twenty years after a clearcut harvest in an aspen stand in northern Minnesota, the 

soil surface RRP recovered to pre-harvest levels regardless of the number of passes while 

at depths of 10-15 centimeters plots that experienced 11 or more passes still had 

significantly higher RRP. Additionally, the medium and high compaction classes deeper in 

the soil profile (10-15 centimeters) had not recovered to their pre-harvest levels. While soil 

resistance to penetration is not always correlated with bulk density (Froehlich & McNabb 

1984, Alban et al. 1994, Brais 2001), Slesak and colleagues (2017) similarly observed after 

20 years a recovery to pre-harvest conditions in the top ten centimeters utilizing measures 

of soil bulk density in the Long Term Soil Productivity (LTSP) sites in northern Minnesota; 

this recovery was observed across a range of soil textures.  

Soil recovery is related in part to soil texture, although numerous other factors 

affect soil recovery (Page-Dumroese et al. 2006, Goutal et al. 2012). The soils in this study 
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site are medium- to coarse-textured and well-drained, which limits the susceptibility to 

compaction through harvesting activities compared to finer-textured soils (Kolka et al. 

2012). Using the LTSP sites, Powers and colleagues (2005) found that compaction can be 

beneficial to tree growth on coarse soils by increasing available water capacity. However, 

the soils in our study have a greater silt component than the excessively drained sandy soils 

described by Powers et al. (2005), leading to a finer soil texture that may explain the at best 

neutral impacts of harvesting on this site. 

While there were no significant relationships between compaction and basal area, 

diameter, and height when regeneration species were pooled, compaction did significantly 

impact aspen growth and development. Aspen density was significantly higher in the low 

traffic class than the control, medium, and high classes. Curzon and colleagues (2019), 

utilizing the LTSP sites, observed that compaction associated with conventional harvesting 

on a silt loam soil led to a significantly greater density of all tree species, including aspen, 

25 years after harvest compared to treatments that increased soil bulk density by a further 

15 and 30%. In addition, there were no significant differences in regeneration density 

between the increased compaction treatments. This is consistent with the findings of this 

study on similar medium-textured soils in that beyond a certain point, greater levels of 

compaction have diminishing effects on regeneration such as between the medium and high 

treatments (Figure 3). Furthermore, our study suggests that compaction-related disturbance 

can favor aspen, possibly by limiting competition from other species that lack the 

established root system of aspen. However, as compaction continues to increase (medium 

and high compaction classes), regeneration, especially of aspen, is negatively impacted.  

Higher levels of harvest traffic which increase compaction (Shepperd 1993, Stone & Elioff 

1998) and rutting (Bates et al. 1993) can reduce asexual regeneration of aspen; the extent 

of this impact varies by the season and soil type (Berger et al. 2004, Kolka et al. 2012). 

While the season of harvesting influences rutting and compaction, it will also 

influence the potential for scarification, potentially representing a trade-off since some 

species regenerate more prolifically on scarified soils. While in the Lake States it is 

uncommon for harvesting activities to occur in the spring (“spring break-up”) on all but 

the most well drained sites (Rossman et al. 2016), harvesting during the growing season 
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under wet conditions can create ruts and gouge the soil which can negatively impact site 

hydrology (Grigal 2000) and the regeneration of aspen (Bates et al. 1993, Bates et al. 1998). 

This was observed within the harvesting of this study; the original harvest was scheduled 

for late summer 1999 but was delayed one year due to rain. On well-drained soils or during 

periods of low precipitation in the growing season harvesting has a positive effect on 

regeneration, acting as a disturbance agent to promote the establishment of a new cohort 

of trees (Perera et al. 2008).  

The optimal seedbed for both paper and yellow birch to establish is disturbed 

mineral soil (Perala et al. 1990) and the harvesting traffic in 2000 appeared to provide 

enough disturbance to allow substantial birch establishment. While there were no birch 

trees left as residuals after harvest, birch composed on average over 17% of regeneration 

in the low compaction class. Maple, which did have a seed source from residual overstory 

trees, composed 21% of the regenerating individuals on average in the low compaction 

class. While I did not find significant differences (P>0.387) in birch density among 

compaction classes, Willis et al. (2015) found that both paper and yellow birch regeneration 

was more abundant on scarified than unscarified soil. There were no significant differences 

between birch and maple density among compaction classes; this could be due to favorable 

conditions for birch species establishment as a result of harvest traffic scarification. 

Conversely, harvest traffic compaction could limit maple species density as red maple has 

shallow roots and sugar maple is not competitive with pioneer species like aspen, birch, or 

red maple in the early stages of stand development (Perala et al. 1990).  

In the control treatments, the lack of scarification influenced species composition, 

particularly balsam fir density. Trends suggest more balsam fir when limiting compaction-

related soil disturbance during the harvest (Figure 3).  This is consistent with the literature 

which suggests that without stand-replacing disturbances such as harvesting, aspen in the 

Lake States succeeds to its shade tolerant associates such as balsam fir (Hansen & Kurmis 

1972, Brinkman & Roe 1975). In periods of drought this shift in species composition can 

increase susceptibility of the stand to fire due to balsam fir acting as a ladder fuel, even in 

forest types such as aspen that are not traditionally viewed as highly susceptible to fire 

(Heinselman 1981).  
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Management implications  

Some disturbance as a result of skidder traffic promoted regeneration of aspen and 

birch and limited competition from balsam fir while still allowing the soil surface down to 

a depth of 10 centimeters to recover to pre-harvest levels. Too much disturbance (11+ 

passes), however, limited the regeneration of all species and at a depth of 10 – 15 

centimeters the soil had not recovered with regards to RRP. Conversely, the undisturbed 

control plots had a greater component of balsam fir regeneration on average. When 

regenerating aspen and birch is a management goal on a site with medium- to coarse-

textured soils, diffuse skid trails can be used in a summer harvest to promote the 

establishment of aspen and birch. This could expand the range of conditions under which 

loggers can operate without the decrease in productivity that can be associated with 

summer harvests compared to fall or winter harvests (Conrad et al. 2017). While the soil 

has recovered with regards to RRP, there are multiple other ways harvest can impact a site 

and the soil, particularly the upper horizons, can be highly susceptible to runoff, nutrient 

loss, and decreases in soil biotic activity depending on harvest system and intensity as well 

as site conditions such as moisture (Batey 2009, Han et al. 2009, Klockow et al. 2013, 

Hartmann et al. 2014, Naghdi et al. 2016, Premer et al. 2019).  

Conclusion 

 Twenty years after a clearcut harvest, soils within the top 10 cm recovered to pre-

harvest RRP levels regardless of the number of passes; at depths of 10 – 15 centimeters 

plots that experienced 11 or more passes still had significantly higher RRP. Increasing pass 

number did not affect tree diameter or height growth but had a clear negative impact on 

regeneration. This study suggests that a limited number of passes represents a “Goldilocks 

situation” with regards to regenerating aspen and birch following a clearcut. Some skidder 

traffic can promote tree regeneration while a lack of traffic leads to an increase in the 

balsam fir component and comparatively less regeneration overall. Too much traffic leads 

to lasting compaction at lower soil depths and drastically reduced regeneration.   



39 

 

Chapter 4: Conclusion 

Clearly documenting the outcomes of silvicultural treatments is an important aspect 

of effective forest management. The long-term nature of forestry necessitates long-term 

results which can only be achieved by providing adequate context to allow future foresters 

to build on their predecessor’s prescriptions and experience. This documentation also 

allows current foresters to learn from each other, providing insight into both the treatments 

that accomplished the prescribed goals as well as those that may have had an unexpected 

outcome.  

One way foresters can document treatments is through case studies. In my work 

outlined in Chapter 2 I found that the Great Lakes Silviculture Library was used in a variety 

of ways by focus group participants, allowing them to communicate with fellow foresters 

as well as to stakeholders beyond the forestry profession. The Library was used as a 

reference to prescriptions particularly when participants were working with unfamiliar 

forest types or when facing forest health threats but were not always able to use the Library 

due to limited time. A case study library can give foresters an opportunity to demonstrate 

their work while also acting as an archive that future foresters could access to learn from 

and expand on treatments documented in case studies. 

In Chapter 3 I described my work that built on a study implemented over 20 years 

ago which represented a different way for learning to occur through applied silviculture. I 

found that soil compaction negatively affected regeneration of all species 20 years after a 

clearcut harvest in aspen. There were few visual cues to suggest the full extent of harvesting 

impacts; however, at greater depth the soil had not recovered to pre-harvest levels. My 

findings in Chapter 3 demonstrate the need for a holistic approach to practicing silviculture 

to make a fully informed decision when writing a prescription and illustrate the value of 

clear documentation that provides thorough context to other foresters.  

Together, these studies give us insight into how we learn and exchange knowledge 

as a community and of the value of long-term results in the field of forestry. Clear 

documentation of treatments can aid future work that builds on those treatments and 

generates further knowledge. Case studies and long-term, peer-reviewed studies represent 
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different levels of investment in this generation of knowledge which together serve to better 

equip foresters to more confidently practice silviculture in complex or uncertain conditions. 
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Appendix A: Library Case Study Template 

 

Case Study Template 
New case study content should be submitted directly to the Silviculture Library website, at 

http://silvlib.cfans.umn.edu. Use this document to organize your content and plan the 

submission. Please do not send us your case study content as a Word doc unless you encounter 

problems submitting it online and have contacted us in advance.  

 

You may wish to review existing case study content as you prepare yours. There are lots of 

examples on the Silviculture Library site. 

 

When you are ready to enter your case study data online, visit the “Submit a Case Study” page 

for instructions to set up a new account. If you already have an account, visit the same page to 

log in. 

 

If you have questions, contact Eli Sagor, UMN – SFEC at esagor@umn.edu or 218-409-6115. 

 

You do not need to complete every section, but you should if the data / information is available. 

More complete submissions are preferred. Sections with an asterisk are required. 

 

Case Study Title* 

Featured Image * 
One image that will be used as the “cover” for the case study. (See also Photographs, below.) 

Stand Information 
Location  
 

Latitude and Longitude 
You must enter the coordinates of the stand in decimal degrees (only numbers and 
decimals with no other characters). You can use Google Maps to convert other formats to 

http://silvlib.cfans.umn.edu/
mailto:esagor@umn.edu
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
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decimal degrees. If you enter lat/long in a format other than decimal degrees, you will not 
be able to save your work! 

Nearest city or town * 

 

State/Province *  

  

Describe the location. 

Briefly describe the stand location. Example: Pine Tree District, XYZ National Forest. 

 

Landowner 

Cover-type * 

Select a value from the dropdown list (list includes: Aspen-Birch, Ash, Central hardwoods, Mixed 

Woods, Northern hardwoods, Pine, Peatlands, Spruce, or Other) 

 

MN ECS Native Plant Community System  

Choose one checkbox. They include Floodplain, Fire Dependent, Mesic Hardwood, Wet Forest, 

and Other.  

 

Plant community or habitat classification and growth stage (if available) 

 

Forest health threats 

Choose all that apply. They include deer, invasive plants/competing vegetation, ash and EAB, 

black spruce/dwarf mistletoe, eastern larch beetle and larch, oak wilt, other, and NA. 

 

Estimated year of stand origin 

 

Additional Information on Stand Origin 

Comments on year of stand origin (one sentence only) 

 

Site Index:  _______  units:  _______  for species:  _______   
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Brief Silviculture Objective 

Brief silvicultural objective (1 sentence). You will be able to elaborate below. 

 

Soils 

Soils description, including series name if available. 

 

Stand area: _____  (rounded to the nearest integer) acres or hectares?  

 

Treatment area: _____  (rounded to the nearest integer)  acres or hectares?  

 

 

Bottomland Hardwoods 
If this is a bottomland hardwood case please complete the following fields 

 

River or stream name 

River or stream type  

Select one that best describes your site: 

Major river (e.g. Mississippi, St. Croix, Chippewa, Black, Wisconsin) 

Minor river or upper reaches of major river (e.g. Cannon, Zumbro, Root, Mississippi 

Headwaters)   

Perennial stream 

Seasonal (intermittent) stream 

Rainfall-dependent (ephemeral) stream 

 

Floodplain or terrace  

Select one 

 

Floodplain topographic position 

Select any that apply. Refer to the topographic position key for definitions and illustrations. 

Point bar (All river types, floodplains only) 

Natural levee (All river types, floodplains only) 

http://z.umn.edu/topokey
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Bottom (All river types, floodplains and terraces) 

Slough (Major rivers, minor rivers, floodplains only) 

Ridge (Major rivers, minor rivers, floodplains and terraces) 

Ridge and swale (Major rivers, minor rivers, floodplains and terraces) 

Swamp (Major, minor rivers, floodplains and terraces) 

 

Overview 
Overview  

Enter an overview of this case 

 

Silviculture Objectives 
Silviculture Objective(s) 
Optional - Add some detail to the brief silvicultural objective statement from above. This could 

include climate change considerations, secondary or other objectives. The prescription is a 

separate field, below. 

 

Pre-treatment stand description and condition 
(Address as many of the following as reasonable and appropriate) 

Stand establishment and management history 
 

Pre-treatment species composition 
 

Pre-treatment growth and stocking  
Include a stocking table or diameter distribution as appropriate, if available. 

 

Pre-treatment forest health issues  
 

Landowner objectives/situation  
 

Silviculture prescription 
Silviculture Prescription  

https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
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Silvicultural prescription, including target regeneration stocking and residual stand conditions, 

harvest area size(s) and arrangement, species to reserve or harvest, harvest season, 

regeneration plan (if applicable), use of timber harvest guidelines, and plans for future 

treatments. Should be pretty specific with target numbers, not just general statements. 250 

words. 

 

 

What actually happened during the treatment 
What actually happened during the treatment  
What actually happened during the treatment? Type of equipment used, changes made during 

treatment and why, what went well and not so well, surprises, etc. 250 words.  

 

Post-treatment assessment 
Post-treatment assessment 
Consider the following – only those applicable to your treatment: Stocking, distribution, and 

condition of residual trees; stocking and distribution of regeneration / survival of planting stock; 

and other site impacts relevant to the prescription, positive or negative. 

 

Plans for Future Treatments 
Plans for future treatments  
 

Costs and economic considerations 
Costs and economic considerations  
If possible, break down by treatment components: Time estimate to lay out / plan, time to 

harvest, timber sale revenue, site prep or other costs, etc. 

 

Climate adaptation considerations 
Climate adaptation considerations 
How did climate adaptation considerations influence your prescription? 

Other notes 
Other notes  
Could include climate change considerations or other. 

 

https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
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Summary 
Summary / lessons learned / additional thoughts  
What would you do differently if you could do over? Could include climate change 

considerations or other. 200 words 

Supplemental content 
Optional. Shapefiles, data tables, historic airphotos, or others. 

Attach media 

 

Photographs  
At least three photographs, current or from the initial treatment, must accompany the 

submission. Photos should depict general ground conditions and/or special factors associated 

with the treatment. Each photo must have a brief, descriptive caption. 

Attach media 

 

Keywords 
Keywords 
Categories to facilitate searching and automatic list of related / similar cases: Major species, 

silvicultural treatments involved, locations, ownerships, forest health issues, etc. No limit on 

number of keywords. Separate keywords with commas. 

 

Author information 
 

Name 

Title 

Organization 

Photo 

Phone Number 

Email 

Address 

City, State/Province, Postal code 

https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
https://silvlib.cfans.umn.edu/node/add/case
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Biography 

(Optional. We hope to use the silviculture library to build relationships. We would love to 

include a couple of sentence bio for each author and a small head shot.) 
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Appendix B: Focus Group Inclusion/Exclusion Criteria 

1. Screener question 

a. Do you know what the Great Lakes Silviculture Library is, and are you 

familiar with how it functions?  

2. Inclusion: seeking diversity among participants regarding… 

a. Physical geography 

i. Including different offices in the same agency 

b. User type: viewer/author 

c. Role/seniority within agency 

d. Employer  

i. Federal; state Departments of Natural Resources; county; tribal; 

private 

e. Demographics (gender, race, orientation)  

i. Where possible  

3. Exclusion: the presence of any one of the following characteristics would remove 

the respondent from consideration 

a. Does not know what the Library is 

b. Is not familiar with how the Library functions 

c. Supervises or reports to another individual participating in the same focus 

group 

 


