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Abstract

Conservationists are increasingly dependent on res-
toration as a means of expanding natural areas as the 
availability of natural habitats for preservation declines. 
The uptick in number and scale of restoration projects 
provides an opportunity to learn about how to restore 
habitats most effectively. This information is especially 
valuable in an era of climate change where restoration 
ecologists and foresters are already implementing 
mitigation strategies, such as assisted migration. Here, 
we advocate for the establishment of applied-academic 
partnerships that can be used to glean the most infor-
mation possible from revegetation projects. Our work 
was conducted in the context of assisted migration into 
a boreal forest that is already under decline with climate 
change and is a model for achieving both applied and 
academic goals. We outline the value of collaborative 
initiatives that create translational research with 
real-world impact. We also underscore key steps that 
can lead to productive partnerships that achieve both 
restoration and research goals. This paper was presented 
at the Joint Annual Meeting of the Northeast Forest and 
Conservation Association, the Southern Forest Nurs-
ery Association, and the Intertribal Nursery Council 
(Walker, MN, July 31–August 3, 2017).

Introduction

As the availability of intact, native habitats de-
clines, conservationists are increasingly dependent 
on restoration as a means of expanding the number 
and size of natural areas (Maunder 1992, Miller and 
Hobbs 2007). Habitat restoration typically starts 
with reestablishing the vegetation by either planting 
new populations or augmenting existing populations 
(Temperton 2004). Although plant establishment is 
an essential first step, the success rate of these efforts 

is rarely known (Deredec and Courchamp 2007), 
except for some cases of endangered plant species 
reintroductions (e.g., Bottin et al. 2007). This reality is 
underscored in a survey of the plant restoration litera-
ture showing that only 14 percent of studies reported 
restoration success after seeding or planting (Ruiz-Jaen 
and Mitchell Aide 2005). Moreover, it is possible that 
this scant information is biased toward positive results 
(Fanelli 2010). Based on the published studies, the 
success rate of plant species introductions is 78 per-
cent, which contrasts sharply with a success rate of 33 
percent based on a survey of restoration practitioners 
(Godefroid et al. 2011). Although additional infor-
mation on success rates may be available in the gray 
literature, this body of work is not widely accessible. 
Overall, the collection, analysis, and publication of les-
sons learned from successful and unsuccessful revege-
tation approaches is the exception rather than the rule. 
To address this gap in our understanding, we suggest 
the establishment of translational ecology partnerships 
(Enquist et al. 2017) to maximize the learning potential 
from habitat restoration and management.

The coupling of methodological and outcome infor-
mation is critical both to advancing the science of 
restoration ecology and identifying ways to improve 
restoration success in the establishment of function-
al communities. Although previous papers (Menges 
2008) and publications from restoration organiza-
tions (McDonald et al. 2016) have outlined best 
practices for evaluating restoration success, these 
methods are rarely implemented, and, when they 
are, assessments are typically based on few metrics 
(Ruiz-Jaen and Mitchell Aide 2005; see also Guerrant 
and Kaye 2007). Valid reasons exist for this lack of 
follow-through. For example, restoration projects are 
rarely active for more than 5 years (Ruiz-Jaen and 
Mitchell Aide 2005), which may be a shorter time-
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frame than is necessary to collect relevant data, espe-
cially for long-lived species. Financial resources may 
also be a very real and severe limitation. Moreover, 
restoration practitioners may not have the time or 
incentive to collect, analyze, and publish this informa-
tion. The situation, although understandable, amounts 
to a lost opportunity for learning and improving the 
practice of restoration.

It is especially important to track the success of res-
toration efforts in an era of climate change. Globally, 
mean land surface air temperatures have increased by 
a rate of 0.092 °C (0.17 °F) per decade from 1880 to 
2012. These rates have increased dramatically during 
the past 30 years (0.26 °C [0.47 °F] per decade, 1979 
to 2012; Field et al. 2014). Climate change is impos-
ing a natural experiment on the world’s biota that will 
require wild and restored populations of organisms 
to adapt to the changing environment or face extinc-
tion (Davis et al. 2005). Although plants and animals 
faced such environmental challenges during previous 
time points in Earth’s history (Zachos et al. 2001), 
human-induced climate change is expected to occur 
faster than in the past (Pachauri et al. 2014). More-
over, rapid climate change is superimposed on other 
anthropogenic factors that already imperil native 
organisms and have made restoration efforts neces-
sary. Namely, wild and restored populations are often 
isolated in a matrix of altered habitat that may reduce 
the opportunity for range shifts. Populations may be 
cut off from input of novel genetic variation through 
pollen flow and seed dispersal that might promote 
adaptive responses (Kremer et al. 2012, Swindell 
and Bouzat 2006). For many species, contemporary 
populations are smaller than in the past, which may 
cause genetic diversity to be lost by drift and inbreed-
ing and may increase susceptibility to extinction by 
stochastic environmental events (Heschel and Paige 
1995). Habitat degradation may also facilitate inva-
sion of exotic species that compete for resources and 
compound stress (Strauss et al. 2006). Furthermore, 
positive interactions between organisms (for example, 
between plants and pollinators) may be decoupled as 
species respond to climate change in different ways 
(McCarty 2001), which also threatens the long-term 
persistence of these populations. Thus, whether wild 
or restored, the long-term fate of populations will 
depend on a multiplicity of interacting factors that 
are rapidly changing in the Anthropocene (Smith and 
Zeder 2013).

If species cannot adapt to climate change rapidly 
enough, it may be necessary to manage populations 
as climate changes. One widely discussed approach 
is to move organisms with the band of climate to 
which they are adapted. This movement is often 
referred to as “assisted migration” (AM) (Mc-
Lachlan et al. 2007). In concept, AM has been the 
subject of controversy and confusion in the pub-
lished literature, sometimes meaning translocation 
outside of the current range and sometimes within 
the current range. In the context of our case study, 
we use the term “forestry-AM” (Pedlar et al. 2012) 
that generally involves common, widespread spe-
cies and strives to sustain ecosystem productivity 
through the within-range movement of populations. 
Although academics have debated the relative risks 
and benefits of this climate mitigation approach 
(Hoegh-Guldberg et al. 2008, McLachlan et al. 
2007, Pedlar et al. 2012, Richardson et al. 2009, 
Williams and Dumroese 2013), some restoration 
ecologists and forest managers are forging ahead 
and implementing AM because the impacts of cli-
mate change, such as the decline and loss of cano-
py tree species, is already evident. Given that AM 
is a bold and largely untested restoration concept, 
it is critical that its success or failure is monitored 
over time.

For all these reasons, the field of restoration ecol-
ogy would benefit from monitoring projects and 
other formal scientific studies that help improve our 
understanding of methods that underpin restoration 
success in general and provide opportunities for 
scientifically rigorous tests of alternative strategies, 
like AM. Here, we report on a unique partnership 
between a conservation organization (The Nature 
Conservancy [TNC]) and a regional university (Uni-
versity of Minnesota Duluth [UMD]) that achieved 
dual objectives through collaboration. From a 
conservation perspective, the goal was to conduct 
AM in the declining boreal forests of northeastern 
Minnesota. From a research perspective, the goal 
was to formally study the efficacy of AM. Here, we 
discuss our project, “Adaptation in the Great North 
Woods.” We emphasize the value added by joining 
resources and expertise in this collaborative project. 
We also provide suggestions on how to establish 
similar fruitful relationships between restoration 
practitioners, academics, and their students. 
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Case Study

Background

Our study was conducted within the southern bore-
al-north temperate forest transition zone in Minnesota 
with the boreal forest to the north, temperate hardwood- 
dominated forests to the south, and the prairie-forest 
ecotone to the west. At present, this region is dominated 
by boreal species at the southern edge of their ranges 
with relatively low abundance of temperate species 
close to their northern range limits. Here, climate has 
warmed substantially in recent decades but especially 

in northeastern Minnesota (+1.0 to 1.9 °C [+1.8 to 3.4 
°F]), where it continues to warm more rapidly than 
other parts of the State (figure 1a). Already, boreal 
species are declining (Muilenburg and Herms 2012), 
and this trend is expected to continue in the future 
along with increases in temperate species, including 
oaks (Quercus spp.) and northern hardwood species 
(figure 2) (Duveneck et al. 2014). Temperate species 
are recruiting into these boreal forests, but few species, 
especially red maple (Acer rubrum L.) and sugar maple 
(Acer saccharum Marshall), dominate this expansion 
(Fisichelli et al. 2014, Ravenscroft et al. 2010). Forest-
ry-AM may be especially valuable as a mechanism to 

enhance forest diversity in this context, 
especially during transitional periods 
when the effects of climate change on 
community composition already occur.

Forests in northeastern Minnesota are 
entering this era of rapid climate change 
in a highly degraded state resulting from 
intensive logging and management for 
secondary growth (figure 3). Patch size 
is smaller and less variable than in the 
past (White and Host 2008). Intensive 
deer herbivory (White 2012) and inva-
sions of exotic earthworms (Frelich et al. 
2006, Hale et al. 2006) limit recruitment 
of tree seedlings. Homogenization and 
simplification of modern forests have led 
to associated declines in forest-dependent 
wildlife, most notably migratory song-
birds (Sauer et al. 2017).

The cumulative loss of complexity has 
reduced the adaptive capacity of forests 
with the advent of emerging stressors, 
such as climate change (Duveneck et al. 
2014). Today’s forests are less resilient 
to disturbances, such as storm damage, 
and productivity is in decline, partic-
ularly on drier sites (Swanston et al. 
2011). Northern forests, in particular, are 
especially vulnerable to climate change 
effects given the relatively narrow range 
of temperature and moisture conditions in 
which canopy tree species can persist. In 
this context, we conducted forestry-AM 
using deciduous species with more south-
ern distributions and their populations 
from more southerly locations.

Figure 1. (a) Map of the upper Great Lakes region showing average temperature change (°C) for 
1991 to 2012, relative to 1901 to 1960. (b) Seedlings of both species were obtained from the 
Minnesota Department of Natural Resources from two seed zones, central C105 and northcentral 
NC104. Seedlings in the research plots were planted with a randomized block design into 16 forest 
regeneration sites in northeastern Minnesota (red circles) in seed zones NC104 and N102. 
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Project planning involved broad collaboration. In 
addition to the UMD and TNC, the project planning 
team included the Northern Institute of Applied 
Climate Science (U.S. Department of Agriculture, 
Forest Service), a national and regional leader in  
developing climate change vulnerability assessments 
and adaptation strategies for forests (Handler et al. 
2014). We also worked with local land management 
agencies to locate appropriate planting sites and 
obtain needed permissions for implementing forest-
ry-AM on their lands. These agencies include the 
Superior National Forest, Minnesota Department 
of Natural Resources (MNDNR), St. Louis County 
Land Department, and Lake County Land Depart-
ment. Cooperation from these agencies was essential 
to successful implementation and subsequent research 
and monitoring.

Plant Material

We chose to conduct this work using two oak 
species, bur oak (Quercus macrocarpa Michx.) and 
northern red oak (Quercus rubra L.). Although our 
study area occurs within the geographic ranges of 
both species, it is closer to each of their northern 
range limits. At present, bur oak and northern red 
oak are relatively minor components of the current 
forest composition in northeastern Minnesota. With 
climate change, however, both species are predicted 
to increase in abundance in the study area (Duve-
neck et al. 2014). Our rationale was that if seed-
lings were adapted to historical conditions, and this 
climate space has already shifted northerly with cli-
mate change, species with more southern distribu-
tions should thrive. Moreover, populations of these 
species from more southerly seed zones should also 
have higher survival and fitness when planted into 
a more northerly seed zone, where the climate more 
closely matches pre-industrial conditions.

Figure 2. Landis II simulations showing changes in aboveground biomass for 
selected (a) boreal and (b) temperate species under a high emissions scenario 
(A1FI GFDL) expected by 2100. (Adapted from Duveneck et al. 2014) 

a

b

Figure 3. A typical logged planting site in northern Minnesota. (Photo by J.R. 
Etterson, June 2013)
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Project Site and Study Design

In this project, we defined both applied and research 
goals (see Etterson et al. [n.d.] for a more complete 
description of the methods and results). Our applied 
goal was to conduct forestry-AM of two oak species 
using two seed sources. The planting sites are within 
two MNDNR seed zones adjacent to Lake Superior in 
north-central and extreme northern Minnesota (NC104 
and N102, respectively; figure 1b). The sites are ar-
rayed across approximately 1-degree latitude (47.12 
to 48.07 units) and longitude (-91.97 to 90.70 units). A 
north-south temperature gradient spans the study area 
(average annual 2.98 to 3.92 °C [37.4 to 39.1 °F]) and 
an east-west precipitation gradient (average annual 
722 to 841 mm [28.4 to 33.1 in]) (Gibson et al. 2002). 
Bur oak and northern red oak seedlings were obtained 
from the MNDNR Badoura State Forest Nursery 
(Akeley, MN) and originated from two seed zones—
the north-central zone and a central zone (NC104 and 
C105, respectively; figure 1b). 

In spring 2013, we planted approximately 72,000 
2-year-old bur oak and 1-year-old northern red oak 
bareroot seedlings into 35 sites totaling about 810 
ha (2000 ac) (figures 4 and 5). Trees were planted 

into plots that contained the same species and seed 
source and were protected from deer herbivory 
using mesh cages per individual tree (figure 6). The 
experimental design to evaluate the efficacy of for-
estry-AM was nested in the larger planting design 
and included 16 sites in a randomized complete 
block design (16 sites x 2 blocks per site x 2 species 
x 2 seed sources x 20 plants = 2,560 seedlings). 
Brush saw release treatments were implemented 
annually to reduce competition from understory 
vegetation. 

TNC staff and technicians and UMD students mea-
sured seedling survival, height, and diameter for 3 
years, specific leaf area (SLA; ~leaf thickness) in 1 
year, and spring and fall phenology in 2 years (fig-
ures 7 and 8). Our hypotheses were that, compared 
with northern source material, seedlings obtained 
from more southern seed zones would have more 
rapid height growth that can ultimately confer 
reproductive advantages (Gamache and Payette 
2004), wider radial expansion associated with water 
balance (Daudet et al. 2004), lower SLA that pro-
motes water conservation (Aranda et al. 2007), and 

Figure 4. Chris Dunham (The Nature Conservancy) and Anna Reoh (Reoh 
Forestry) planting bareroot oak seedlings in a study to evaluate assisted 
migration. (Photo by J.R. Etterson, June 2013)

Figure 5. Oak seedlings at the study sites were individually marked so they 
could be tracked over time. (Photo by J.R. Etterson, June 2013)
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Figure 6. Mark White (The Nature Conservancy) installing a mesh cage to 
prevent deer browsing on oak seedlings at one of the study sties. (Photo by 
J.R. Etterson, June 2013)

Figure 8. Kristen Campbell (The Nature Conservancy) records spring leaf phe-
nology on oak seedlings at a study site to evaluate assisted migration. (Photo 
by M. A. White, May 2015)

Figure 7. Research assistants, Ben Cogger (The Nature Conservancy [TNC]) 
and Ryan Sullivan (TNC), measure oak seedling traits in a study to evaluate 
assisted migration. (Photo by M.A. White, September 2014)

extended leaf phenology that permits seedlings to 
photosynthesize throughout longer growing seasons 
expected with climate change (Gunderson et al. 
2012). In sum, this study was designed to provide 
essential information about adaptation and natural 

selection that can be used to inform climate-for-
ward, seed-sourcing policy.

Preliminary Results

In brief, after 4 years of exposure to natural selec-
tion in these revegetation plots, both oak species had 
93 percent survival on average. The high survival 
of these species provides a preliminary indication 
that within-range forestry-AM of trees with more 
southerly distributions could be an effective climate 
mitigation strategy. Moreover, even at this early time 
point, seedlings from the southern seed zone had 
higher survival than those from the northern seed 
zone, although this difference was not significant for 
bur oak (figure 9a). Overall, trees from the two source 
populations differed significantly for nearly all the 
traits described previously, and these differences were 
largely congruent with climate adaptation hypothe-
ses. Specifically, northern red oak seedlings from the 
southern oak source had faster height (figure 9b) and 
diameter growth (figure 9c), lower SLA (figure 9d), 
and an extended leaf phenology that would permit 
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photosynthesis to occur for more days during the 
growing season (figure 9e) compared with those from 
the northern source. 

The bur oak data also suggest climate adaptation 
but, on the whole, are somewhat weaker. The south-
ern source of bur oak had significantly lower SLA 
(figure 9d) and a longer period of leaf retention 
during the growing season (figure 9e) compared 
with the northern source. At first glance, the bur oak 
growth results may seem counterintuitive; seedlings 
from the southern source had substantially lower 
growth rates than those from the northern source, 
the opposite of expectation (figure 9b). However, 
given bur oak’s tendency to allocate a greater pro-
portion of biomass to belowground growth during 
the early juvenile stages (Danner and Knapp 2001), 
this pattern could still be adaptive. To confirm this 
hypothesis, it will be necessary to sacrifice a sub-
set of seedlings and measure relative allocation to 
aboveground and belowground biomass. Overall, 
given these initial results, we anticipate that trees 
sourced from the southern seed zone for both oak 
species will continue to thrive in the more northern 
sites where they were planted. If this outcome holds 
true, forestry-AM is a valid approach to restoration 
in the study area.

Value Added by Applied-Academic 
Partnerships

Increased Impact

Our case study is an example of “translational ecolo-
gy” and illustrates how we can accomplish restoration 
objectives while also collecting rigorous data that can 
be used to evaluate methods and specific hypotheses. 
By joining resources and expertise, more comprehen-
sive data can be collected, serving the goals of both 
applied and academic partners. Ultimately, these col-
laborations raise the impact and value of the project 
as a whole.

Advantages to Practitioners

Academic partners bring resources to the project that 
might not otherwise be available. Universities often 
have funding available to faculty for new research 
projects that can contribute to the overall project 

Figure 9. Estimated means (2 standard errors) for traits measured on bur oak 
and northern red oak seedlings that were sourced from 2 northern Minnesota 
seed zones, C105 and NC104, and planted into 16 forest regeneration sites in 
northeastern MN. Stars show significant differences between plants sampled 
in the different seed zones.
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budget to pay for the additional time necessary to 
collect publishable data. Research faculty also have 
modern laboratories and field equipment that might 
not be accessible to practitioners, such as data log-
gers, soil moisture and light sensors, drying ovens, 
balances, computers and software for image analysis, 
among many other types of specialized equipment. In 
addition, most research universities have greenhouse 
facilities where additional experimentation can be 
conducted to follow up on hypotheses based on field 
observations. Many universities also have the capac-
ity to do molecular studies for detailed genetic inves-
tigations. Collectively, these resources can be applied 
to obtain the greatest amount of information from 
restoration projects.

Advantages to Academics

Participation in on-the-ground projects and part-
nership with restoration practitioners has important 
benefits to academic partners as well. Academics 
learn from practitioners who are likely to have a 
greater familiarity with the natural history of an area 
and a deep practical knowledge that can be obtained 
only from extensive field experience. In addition, 
most researchers feel compelled to do work that has 
practical relevance. Partnerships permit academic 
researchers to conduct translational projects that have 
direct relevance and benefits to applied organizations. 
Moreover, community engagement is a common uni-
versity goal that reflects well on faculty and is import-
ant for building relationships beyond campus. Finally, 
Federal granting agencies require broader impact 
statements that are deemed most valuable if they are 
based on bona fide partnerships, which lend credence 
to scientific objectives and create real opportunities 
for academic outreach.

Advantages to Both Partners

Perhaps most importantly, university faculty have 
access to undergraduate and graduate students, which 
provides opportunities to collect a broader and more 
diverse dataset. Because students are often supported 
by independent means, there is less burden on resto-
ration managers in terms of time or money to meet 
research objectives. Graduate and undergraduate 
research students can often take full responsibility 
for the research components of a restoration project, 

including analysis and publication, under the su-
pervision of their academic advisors. This advisory 
relationship is also beneficial to academic partners for 
whom student research mentoring is a fundamental 
job expectation. Collaboration between faculty and 
community organizations can be used to generate 
hypothesis-based research experiences. 

Fostering the Next Generation of Leaders in 
Our Disciplines

Most significantly, however, these experiences 
benefit students. Exposure to collaborative envi-
ronments cultivates nontechnical skills in students 
that are valuable in the workplace, such as effective 
communication, teamwork, critical thinking, prob-
lem solving, and professionalism (Ferrini-Mundy 
2013). Even for students with ambition and talent, 
successful pathways into scientific careers depend 
on the quality of their experiences beyond the class-
room (Thiry et al. 2011), which is particularly true 
for underrepresented groups in science (McPherson 
2014). Research experiences, especially in the early 
undergraduate years, can increase student interest in 
scientific careers (Adedokun et al. 2012, Bauer and 
Bennett 2003, Hathaway et al. 2002, Webb 2014) 
and help students develop a professional identity and 
confidence about their potential success (Maltese et 
al. 2014). Specifically, bachelor’s students in sci-
ence, technology, engineering, and math who have 
obtained research experience have a documented 
advantage in graduate school and in the workforce 
(Fairweather 2008, Graham et al. 2013, Hunter et al. 
2007, Villarejo et al. 2008). Experiential learning is 
valuable for students, because it stimulates curiosity 
while creating opportunities to practice higher level 
thinking skills in search of evidence to help solve 
real-world problems. Such experiences translate 
into professional success, and by including students 
in restoration and research, we are training students 
who will be the professionals of the future. In other 
words, undergraduate and graduate student in-
volvement recruits people into our respective fields 
(figure 10). Even if students chose a different career 
path, they will approach their career and life with 
knowledge and an experience that will make them 
part of the informed citizenry, which benefits us all.
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Recommendations

Build Relationships Proactively

A fundamental step in establishing translational 
research partnerships is developing professional 
relationships. Even to identify projects that would 
be mutually beneficial, it is necessary for people to 
communicate across professional boundaries. The 
greatest benefits of restoration-academic partner-
ships can be achieved if a synergy exists between 
the research that would benefit practitioners and an 
awareness of these needs in academic circles. Op-
portunities to foster these relationships are present 
in both arenas but take intentional action. Academ-
ics can reach out to practitioners by inviting them 
to seminars, lab group meetings, and student clubs 
on campus. Practitioners can reach out to academ-
ics by inviting them to professional meetings and 
workshops in their discipline. If these relationships 
are established preemptively, the groundwork is laid 
to take advantage of opportunities when they arise. 
Importantly, enhanced communication can bridge 

understanding between the realities of what needs to 
get done, the information gaps that need to be filled, 
and the resources that can be mobilized to achieve 
multiple but synergistic goals.

Keep It Local

Local entities are more likely to be interested in 
joint research ventures and have the nearby re-
sources to get the work done compared with more 
distance potential partners. It is especially valuable 
to contact local universities where both faculty and 
students are more likely to be invested in commu-
nity issues. In many cases, academic units, such as 
departments of biology, chemistry, and environmen-
tal science have graduate programs with students 
who are enthusiastic to focus on local problems for 
which they can more readily observe the impact of 
their work. In addition, many undergraduate stu-
dents seek experiences in the local community to 
round out their education. 

Engage Early

It is important that all partners be included in the 
early stages of potential joint projects, most critical 
of which is the planning stage. Engaging partners 
during the planning process fosters a sense of in-
vestment in the success of the project by all parties 
and assures that the design elements necessary to 
achieve both restoration and research goals are met. 
The quality of the experimental designs that are 
implemented for both restoration and research goals 
will determine the quality of the program outcomes. 
Careful early planning that meets both partners’ 
needs will foster achievement of this goal.

Carve Out a Small Piece for Research

Typically, restoration projects occur on a scale that 
exceeds that which is necessary for statistically 
robust results. By carving out a smaller project 
embedded within a larger one, it is more feasible 
to garner human and financial resources to accom-
plish research objectives. Recognition that research 
studies can be confined to a smaller component 
embedded in the overall project helps reinforce the 
feasibility of joint projects to all collaborators.

Figure 10. Master of Science students Laura Kavajecz (University of Minne-
sota Duluth [UMD]) and Ada Tse (UMD) measure vegetation characteristics on 
research plots. (Photo by M.A. White, August 2013)
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Aim for the Long Term

Some of the most valuable information obtained from 
forest regeneration (and many other aspects of science) 
has resulted from long-term studies. In forestry, 
provenance trials have yielded some of the best 
examples of long-term studies of stand productiv-
ity across species’ ranges (Callaham 1963). These 
extraordinarily valuable long-term datasets have 
been reinterpreted in more recent years to help 
understand the impacts of climate change and guide 
appropriate management responses (Alberto et al. 
2013, Matyas 1996, O’Neill et al. 2008, Rehfeldt et 
al. 1999, Schmidtling 1994, Thomson and Parker 
2008). Beyond forestry, long-term monitoring of 
diverse ecosystems has yielded insights into biotic 
response to climate change that could not otherwise 
have been obtained (e.g., Bertrand et al. 2011, Fitter 
and Fitter 2002, Gordo and Sanz 2005, Kelly and 
Goulden 2008, Lenoir et al. 2008). Similar long-
term studies of restoration outcomes are not widely 
available. Long-term studies are important because 
they could provide critical information to guide 
habitat restoration in an age where, out of necessity, 
reconstruction efforts are increasingly common.

Future Work

Here, we described one set of information derived from 
this collaborative project. In addition to the results 
described in this article, another UMD graduate student 
collaborated with TNC to conduct similar work on 
eastern white pine (Pinus strobus L.). Teams of people 
characterized the soils on these plots and processed 
samples in the laboratory at UMD. In 2 successive 
years, students participating in the Biology Undergrad-
uate Research Program in Science and Technology 
conducted invasive earthworm surveys in our revegeta-
tion plots. Other faculty and students have been en-
gaged in processing field samples to better understand 
bud and leaf attributes in laboratories at both UMD and 
North Dakota State University. Crews of young profes-
sionals, which TNC hires seasonally, collected baseline 
data on herbaceous forest species within our plots. A 
more recent UMD graduate student is following up on 
that work and has begun to study genetic differentia-
tion and the value of forestry-AM in this understudied 
component of forest ecosystems. Finally, TNC joined 
forces with aquatic ecologists to compare the degree 
of freshwater and terrestrial resilience in some of the 

Lake Superior coastal watersheds where our plots were 
located. Forthcoming publications on these rich and di-
verse initiatives will enhance our ability to mitigate the 
negative effects of climate change and other stressors 
in these forests that are already transitioning. 

Summary 

As practitioners struggle with how to restore and 
manage populations that are threatened with climate 
change, applied-academic partnerships can achieve 
both restoration and research goals. Through transla-
tional collaboration, we can increase the impact of our 
work by combining our resources to get projects done 
while also studying their efficacy. Student engage-
ment is an important component in this effort because 
it increases opportunities to collect more extensive 
and longer term data using different cohorts of stu-
dents over time. However, the greatest benefit may be 
to stimulate interest in a diverse cadre of students to 
encourage them to continue on to professional careers 
in our disciplines and become a component of an 
informed citizenry.
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