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This document was created to spark a region-wide discussion among The Nature Conservancy 
stewardship, science, conservation, and protection staff in the East Division on how to manage 
our lands and waters under a changing climate. The authors include a forest manager, a marine 
conservationist, a stewardship director, and a regional scientist. We don’t agree on everything, 
except that this is a critical topic with important principles that are difficult to apply because they 
deal with control and trust.  Over 2016 we will be collecting feedback and revising this 
document to encompass more viewpoints and hone the principles. Please join the discussion.  
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Conserving Nature’s Stage  

This document presents guidelines, principles, case studies, and examples of land and water 
management practices aimed at increasing a site’s resilience to climate change. We hope to 
ensure that the places we steward today retain their diversity, productivity and ecological 
functions in the future, even as they change in necessary response to climate change.  
 
Our focus is on the resilience of sites - actual places with a unique geographic location and a 
specific combination of topography, elevation, soil, and geology. We assume that the biotic 
structure and composition of a given site will change to adapt to new climatic conditions, but that 
by maintaining the quality of the underlying geophysical and chemical environments and by 
connecting these environments with natural cover, the site will continue to be productive and 
support a wealth of biological diversity.   
 
This physical-based approach to conservation, known colloquially as “conserving nature’s 
stage,” is a strategy to deal with the uncertainty attendant to climate change (Hunter et al. 1988).  
The idea being that, to extend G. E. Hutchinson’s metaphor of the ecological theater and the 
evolutionary play, we should focus on conserving a variety of geophysical settings as “stages” 
for the evolving cast of players sure to be on the move in an era of climate change. The idea is 
attractive because it provides a framework for conserving the full range of biological diversity, 
while allowing species and communities to rearrange in response to a changing climate. By 
maintaining or restoring the factors that create biodiversity in the first place, and focusing 
conservation action on measurable land and water characteristics related to topography, 
landform, bedrock, soil, and water, it offers a logical structure for designing conservation 
networks that assume nature is dynamic and resilient.  Moreover, the approach is rooted in basic 
ecology and is supported by extensive evidence (Lawler et al. 2015, Anderson and Ferree 2010, 
and see Conservation Biology June 2015 Special Section).  
 
The Nature Conservancy and its partners have spent years identifying the places likely to be 
more resilient to climate change as part of a network of sites and linkages that if conserved 
would encompass the full spectrum of a region’s diversity (Anderson et al. 2012, 2014, Buttrick 
et al. 2014). This was accomplished by studying how species associate with certain geologic 
settings, how topographic micro-climates buffer species from the regional climate, and how 
natural cover and riparian corridors connect essential landscape features. Many of these sites are 
now under conservation protection or easement giving rise to the stewardship question addressed 
in this document:  How do we manage these sites to increase their resilience to climate change?  
 

The Resilience of a Site 
 
How do we manage land and water to increase a site’s resilience to climate change? Are there 
treatments and practices that we can use to augment nature’s own inherent resilience? These 
questions have given rise to a substantial body of literature. In the documents we reviewed, many 
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reiterated proven conservation practices and most provided guidance for managing towards 
familiar community types (e.g. Northern Hardwood Forest) where the management goal was to 
retain a recognizable composition that preserves the identity of community. We found less 
guidance on determining if observed changes in composition, structure, and ecological processes 
at a site were a response to degradation or an appropriate and adaptive response to the changing 
climate. Few encouraged the study and care of a site’s abiotic characteristics to sustain a 
changing biotic cast of generalist and specialist species that thrive on its particular combination 
of geology, topography, and hydrology, but this is the approach that we describe here.  
 
The dictionary definition of resilience, “the ability to recover quickly after change or misfortune” 
(American Heritage 2015)  translates to site conservation as “the capacity for renewal in a 
dynamic environment” (Gunderson 2000). This is consistent with the White House’s recent 
definition “the ability to anticipate, prepare for, and adapt to changing conditions and 
withstand, respond to, and recover rapidly from disruptions” (Executive Order 13653, October 
2014). Although “resilience” was first introduced into the ecological literature by Hollings 
(1973), he was not referring to directional climate change, and since then, multiple meanings 
have appeared in the literature, which can lead to different sets of policies and actions 
(Gunderson 2000).   
 
Here, we define site resilience as the capacity of a site to maintain diversity, productivity, and 
ecological function as the climate changes (Anderson et al. 2014). Climate-resilient sites, if 
adequately conserved and managed, are expected to support a diverse array of species and 
communities that change over time and reflect the individual character and productivity of the 
site. In contrast, a climate-vulnerable sites are expected to become a low diversity systems 
dominated by generalist species with wide ecological tolerances.  
 
Diversity and productivity are relative to the site’s geophysical character because various 
bedrocks and soils differ in their inherent qualities. Limestone, for example, weathers to 
productive alkaline soil that supports a diversity of native and non-native species and are the 
centers for agriculture and tree production. Granite, in contrast, weathers to the thin, acidic, and 
nutrient-poor soils underlying the rocky or mountainous parts of the region. Consequently these 
two geophysical settings have evolved distinct biotas that reflect the contrasting site conditions. 
Both environments are expected to adjust to climate change by incorporating new biota and 
losing others within the parameters set by their physical and chemical make-up. Over time, the 
question is not whether the composition matches the familiar ones that many of us imprinted on 
in the past, but whether the composition continues to include the specialist species and 
productivity that express the characteristics of the site, or whether the composition is 
deteriorating into less diverse environment dominated by weedy generalist species that tolerate 
degradation.     
 
Reversing Degradation 
 
Reversing degradation and maintaining or improving the condition of the abiotic stage is the 
starting point for site management that sustains diversity and productivity under changing 
conditions. Treatments and management activities aimed at the biota are unlikely to produce the 
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desired long-term response until the   physical and chemical deterioration of the physical stage 
and the disruption of its sustaining processes have been reversed (see Long Island case study). A 
site will tend toward lower productivity and a species composition comprised of weedy 
generalists, if its hydrology is disrupted and water quality compromised, its soil structure 
compacted and nutrients depleted, and the natural contours of its landforms are fragmented and 
disconnected.  
 
Physical degradation may manifest in biotic change such as an increase in disturbance tolerant 
species or in the failure of a species to regenerate, but not all changes in composition are due to 
degradation. Adaptive change is an adjustment in species composition or ecological processes in 
response to a new set of ambient conditions such as warmer temperatures or increased 
precipitation. For example, damage incurred by the infestation of a forest pathogen in response to 
warming is a biotic interaction mediated by climate, not an indicator of site degradation. The two 
causes of change demand different conservation responses, and thus it is essential that a manager 
identify the signs of degradation and distinguish them from necessary adaptive change.  
Indicators of degradation may be obvious, such as loss of habitat area or the erosion of 
geomorphic structure, or they may be subtle, such as a decrease in soil fertility, a decline in water 
quality, or an overload of nutrients and chemical contaminants. A degrading site needs actions to 
reverse the source and effect of the degradation, but if the site’s ambient ecological parameters 
are shifting the best strategy may be to facilitate the transition to a different structure and 
composition because climatic change is reversible at the site level.  
 
The presence of an invasive species, taken alone, does not constitute degradation, as it could 
alternatively be adaptive, neutral, or transient. Invasive species are often indicators of site 
degradation and may be useful in identifying depleted soils or disrupted processes.  Some non-
natives may be beneficial in providing vegetation cover and other services under conditions that 
few natives can tolerate (Marvier et al. 2004), while others, such as a virulent forest pathogen, 
may need direct conservation attention to limit damage. Still others, perhaps the majority, have 
persisted in the landscape for decades without causing extinctions and might be thought of recent 
immigrants into what is essentially an open system.   
 
A best practice for invasive species management is to identify whether a critical process is being 
negatively affected by the new species and focus conservation action on maintaining the process 
or restoring the condition. We encourage managers to become familiar with invasive species 
priority lists (cite) but be aware that there is a substantial amount of alarmist and untested 
information circulating about many species (see Lavoie 2010 for an example). Adopting an 
approach to management that focuses more on reversing abiotic degradation and less on 
managing the species composition can prevent limited resources from being used up while 
underlying problems go unaddressed. Finally, we recognize that at some sites invasive 
management is done for cosmetic reasons, to accommodate people’s preferences so they can 
experience and enjoy the preserves. 
 
Strategies to reverse degradation are varied and may need to be applied at a scale larger than the 
site itself (See Massachusetts case study).  Preventing nutrient and sediment inputs to an estuary, 
restoring flooding to a highly regulated floodplain, or reintroducing fire to a fire-suppressed 
landscape requires that the steward enlist the help and support of people in the local community 
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and perhaps introduce policy changes or new technologies that will allow for the process to 
continue in a way that benefits people as well as nature.   
 
Limited Interventions 
 
The goal in managing for resilience is to improve a system’s own capacity to adapt to increased 
disturbance and directional shifts in the climate, not to prevent the system from experiencing 
these things. Disturbances renew ecosystems by releasing and redistributing resources, but they 
are unpredictable and have indiscriminant force that requires space and flexibility to 
accommodate. Even directional changes in composition are most likely to occur after a natural 
disturbance because the sudden availability of resources opens up possibilities for rearrangement 
(see Pennsylvania and Long Island case studies). Under a shifting climate, change is inevitable, 
and the more we work with the natural processes, the greater success we will have in sustaining 
diversity. Managing for resilience thus differs in a fundamental way from abating threats, and the 
resulting actions may be counterintuitive to a manager whose natural impulse is to “protect” the 
system.  
 
One criterion for resilient systems is that the sustaining processes are self-perpetuating and not 
dependent on continual manipulations. Strategically, our goal is to have nature be in charge, and 
focus our conservation on limited interventions that jump-start a biological process, reconnect a 
disrupted function, or reverse chronic degradation. Determining what interventions to pursue 
may require understanding and careful planning, but it begins with identifying key processes and 
abiotic characteristics that, if kept in place, will set the stage for biotic productivity and diversity.  
 
Limited intervention does not mean limited management; stewardship is a perpetual activity, and 
it is essential that stewards care for the land by monitoring degradation and determining when 
intervention is necessary. Likewise, letting nature be in charge, doesn’t mean hands-off; there are 
many ways to tweak, direct, redirect, introduce, or amplify natural processes using limited 
interventions and management to positively impact the system. We encourage managers to think 
long-term and creatively about how to restart a disrupted natural process so that it will self-
perpetuate, or how to reverse degrading anthropogenic inputs so that the changes have public 
support and become permanent. There is still much to be learned from thoughtful innovation and 
experimentation toward this goal. Finally, we encourage managers to monitor positive signs of 
adaptation, and to celebrate and communicate the site’s surprises and abundances.  
 
One caveat is that people have already created conservation-reliant species and ecosystems 
(Scott et al. 2010). These are sites where the processes within which the current ecosystem 
originated are no longer operating at the scale and intensity needed to perpetuate the system, and 
thus the ecosystem is dependent on management to replicate the processes in perpetuity. The 
small patches of northeastern pine-barrens that originated after catastrophic fire but now exist 
within a matrix of suburbs, airports and shopping malls, are a good example. We encourage 
managers to ask the question “If we stop replicating the process how will the system transform?”  
Some of these transformed systems might be valuable in their own right, such as a pine-barren 
that is likely to convert to a white oak/heath forest for which we have few conserved examples 
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and no old growth examples. Conservationists point out that these transformed systems might 
still benefit from fire, not to replicate a historic process, but as a management tool to stimulate 
oak regeneration and delay encroachment by invasive species (See Pennsylvania case study). If 
the decision is made to maintain a conservation-dependent ecosystem, and if funds are available 
to replicate the missing processes in perpetuity, we still encourage managers to take steps to 
make the site more resilient by adopting the recommendations presented below with respect to 
connecting microclimates, restoring hydrology, improving water quality, and remediating 
depleted soils.  
 
A steward’s comfort level with limited interventions is tested almost daily when it comes to 
invasive species management. Although the hypothesis that we can contain or control invasive 
species writ large lacks supporting evidence and requires indefinite investments of time and 
money (Kettenring and Adams 2011), there are some examples of limited intervention strategies 
being used with success at specific sites. For newly introduced species, the results of manual 
eradication are encouraging particularly on small islands and at very local scales (Myers et al 
200, Simberloff 2009).  
 
Eradication may work on recent introductions, but species that are already well established in the 
larger landscape are a different story. A preferred strategy is to encourage a system’s natural 
biological response. Once a new species is established, natural enemies can accumulate with 
speed depending on how closely related the new species is to existing species (Harvey et al 
2012). It is surprising to see how little careful monitoring or experimental study has been done 
on this topic, presumably because managers perceive the situation as too urgent. In contrast, 
biological control programs, where exotic natural enemies from the native range of a pest are 
introduced to an area where control is needed, have received extensive attention, and by many 
accounts have improved in effectiveness and safety (Hajek et al. 2016). Biological control, 
although in-line with a limited intervention approach, is fundamentally controversial because it 
introduces more non-native pests into the system and just as with a system’s natural biological 
response, unpredictable host and prey shifts may take years or decades before they manifest.  
 
We reiterate the earlier point that focusing on degradation as opposed to eradicating invasive 
species is likely to result in greater benefit to the site. Even promoters of manual eradication 
argue that a shift in emphasis from strict invasives management towards broader ecosystem 
restoration goals is required to put more emphasis on the full diagnosis of causal factors and the 
desired ecological outcomes (Zavelata et al 2001).   
 
Elements of Site Resilience  
 
We have argued that reversing degradation, restoring process through limited interventions, and 
thoughtful monitoring, are the essential ingredients of managing for resilience, but what exactly 
should we be monitoring and what activities should we be undertaking? Here we present a 
framework to organize management strategies that build resilience and nurture change, and for 
avoiding well-intended actions that may ultimately prevent a system from developing powers of 
adjustment.  Characteristics that enhance a system’s ability to change and adapt have been 
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indirectly studied through research on climate responses, catastrophic disturbances, and 
restoration. Sustaining or enhancing these characteristics is the objective of the management 
strategies that follow set within a context of monitoring and modeling to understand the extent of 
the degradation. We have organized the strategies into three categories (Table 1): 1) those that 
create options for species to adjust, change, or avoid risk, 2) those that reverse abiotic 
degradation or restore processes, and 3) those that sustain the sources of biotic response.  
 
Options - refer to strategies that distribute risk, or that provide opportunities and alternatives for 
species. Many traditional conservation strategies fall into this group such as increasing the size 
of a reserve to accommodate disturbances, or increasing connectivity so species can move in 
response to climate change. Connecting micro-climates or cool riparian areas in order to provide 
more climatic options for resident species also fall in this category.  
 
Processes - refer to strategies that maintain or restore the condition of the physical and chemical 
stage and its cycles of material and energy transport. These strategies aim to prevent or reverse 
degradation such as poor water quality or reduced soil fertility, and to create the conditions under 
which the biota can thrive. This includes the maintenance of ecological processes such as fire, 
flooding, water circulation, or sediment movement, or performing limited interventions to restart 
a disrupted process such as recruitment. Under climate change, many processes will operate 
within a range of variability different from their historical range and if allowed to adjust may 
transform a system in subtle or dramatic ways. The goal is to facilitate these transformations 
while maintaining productivity, diversity, and ecological function. 
 
Sources - refer to strategies that conserve or increase the biotic features that provide raw 
material for adaptation and community adjustments to shifting ambient conditions or changing 
disturbance regimes. Biological legacies like coarse woody debris, underground plant parts, and 
seed banks that persist on site through time regardless of surface disturbances become the focal 
points for continuation and persistence. For example, after the eruption of Mt Saint Helens, 
scientists found that damp logs, moist soil, buried root stalks, and dormant propagules provided a 
buffer for organisms, and surprisingly many survived and were reestablished within a year or 
two (Franklin 1990). The immigration of off-site biota may also be important to disturbance 
response and is facilitated by maintaining a permeable landscape around the site and protecting 
key linkages among sites.   
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Table 1. Limited Intervention Strategies to Increase Site Resilience. The fourth column 
integrates the Northern Institute of Applied Climate Science (NIACS) specific management 
approaches (marked with asterisks) in addition to our own recommendations.  

 

  

Element of 
Site Resilience Strategy Objective General Strategy Specific Management Approaches  (* = NIACS)

Manage habitats over a range of sites and conditions*
Protect and connect areas with microclimates created by topography and elevation 
Reduce fragmentation and enhance connectivity*
Maintain and create habitat corridors through reforestation or restoration*

Protect and connect riparian areas 

Expand the boundaries of reserves to increase diversity,  buffer against disturbance and link 
microclimates 

Prepare for more frequent and more severe disturbance*
Enhance age/size class 
diversity* Promote diverse age-classes including very old trees*
Promote and connect 
geophysical diversity Protect and connect areas with a diversity of bedrocks and soils

Maintain and restore diversity of native species*
Introduce seeds and other genetic material from across a greater geographic range*

Increase diversity of nursery stock to provide a greater range of species or genotype*
Allow and encourage new mixes of native species* 

Reduce physical and 
chemical degredation Ensure that water quality and soil PH are not compromised by excessive anthropogenic inputs  

Restore fire to fire-adapted ecosystems through limited interventions*

Alter forest structure or composition to reduce severity of fire if site has a history of fire 
suppression.* 

Establish strategic fuel breaks to slow the spread of catastrophic wildfire
Maintain or restore natural unimpaired hydrology*

Maintain or restore riparian areas*

Retain water on-site using natural stuctures that prevent excess runoff

Remove hydologic barriers and allow for periodic flooding where appropriate
Manage herbivory if needed to protect and promote regeneration*

Monitor regeneration and use limited interventions when needed to facilitate establishment. 

Maintain or restore soil quality and nutrient cycling*

Ensure adequate supply of organic matter (litter, fine and coarse woody debris) is being 
returned to soil 

Plan for and allow periodic wind and ice damage

Leave large woody debris, tip up mounds  and other residuals as a legacies
Restore keystone species 

Restore pollinators, builders (beavers), filters (clams), canivores if needed
Ensure large coarse woody debris is distributed across site 
Ensure streams have sources of woody debris adjacent to channel
Ensure snags, nurselogs, wildlife trees are present on site

Promote existing populations of specialist species  

Improve populations of sensitive, at-risk , and displaced species*

Establish and expand reserve networks to link habitats and protect key communities*

Maintain and create habitat corridors or natural cover linkages through reforestation or 
restoration*

Enhance natural seedbanks 
Maintain seed or nursery stock of desired species for use following severe disturbance*

Allow for areas of natural regeneration after disturbance

If site is isolated from other sites by fragmentation, consider introducing suitable native species 
which would likely thrive in response to the site characteristics and current or future climates 

Introduce native genotypes that may be resistant to expected pests and pathogens

Options Increase climate and 
movement options 
and spread risk 

Identify and protect 
microclimates
Promote local 
connectedness

Increase reserve size

Maintain and enhance 
species diversity*

Process Reduce physical 
degradation and 
Manage for self-
perpetuating 
processes

Sustain natural fire 
regime

Maintain unimpaired 
hydrology 

Ensure periodic 
recruitment 

Enhance soil forming 
processes

Allow natural gap 
dynamics

Sources Nurture sources of 
biotic renewal

Promote existing species 
populations

Promote immigration 
through landscape-level 
connectivity

Respond to, or simulate,  
disturbances while 
maintaining diversity and 
continuity 
Introduce species when 
needed

Retain and promote 
biological legacies*
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Crosswalk to the NIACS framework for Climate Change 

The US Forest Service’s Northern Institute of Applied Climate Science (NIACS) has developed 
a list of specific management strategies aimed at providing climate change approaches for land 
managers (Swanson et al. 2012). We cross-walked their list into our framework based on 
whether the strategy focused on increasing options, restoring processes, or protecting sources of 
renewal. We found that about one-third of the strategies overlapped directly with our own and 
could be easily placed (Table 1). The NIACS framework, however, includes actions and 
recommendations that do not fit the category of site-based resilience strategies. These include 
what NIACS calls “resistance strategies” such as reducing the impact of existing biological 
stressors, and “response strategies” defined by planting or management based on the expected 
future climate conditions. Because these strategies are focused on manipulating the species 
composition and structure to achieve a particular effect (e.g. removing existing invasives, 
favoring native species that are better adapted to future conditions, and managing for species 
with wide moisture and temperature tolerances), they differ in concept from the approach we 
develop here. We encourage more dialogue on how they might fit within a framework of limiting 
interventions and letting natural processes drive adaptation.    
 
A third set of NIACS strategies that we omit but strongly support are those aimed at conservation 
planning across a network of sites (e.g. ecosystem redundancy and landscape connectivity). 
These include specific recommendation to maintain or create refugia, prioritize and protect 
sensitive or at-risk species or communities, establish reserves to protect ecosystem diversity, 
increase ecosystem redundancy across the landscape, and expand reserves and reserve networks 
to link habitats and protect key communities. Although these are not site-based management 
strategies they are an important part of a climate change response. The NIACS strategy to 
identify and prioritize, sites expected to be buffered from climate change, is similar to  TNC’s 
work to identify and protect resilient sites where connected micro-climates that buffer resident 
species from the regional climate (Anderson et al. 2014).  
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Options  

Spread Risk and Increase Options and Redundancies 

Options, or characteristics that foster resilience, include a high diversity of species, multiple 
core habitat areas with redundant linkages among them, topographic and elevation diversity that 
provides a range of habitat types and microclimates, and minimal barriers that restrict adaptive 
movement of species or ecosystems. Just as a diversified stock portfolio is more resilient to 
dramatic financial swings, this diversity of form and function ensures that these landscapes are 
better able to cope with future change. A landscape or species without such options would be 
considered vulnerable in the face of climate change (CCPR 2014). 
 
The objective of this group of management strategies is to buffer a site from direct climate 
impacts by spreading the risk, providing refuge, or creating options that allow species to adjust to 
change. Many time-tested conservation planning approaches fall into this group such as ensuring 
that a reserve is of sufficient size and internally connected to accommodate natural disturbances, 
and allow for breeding space and population dynamics. Newer strategies specific to climate 
change, such as connecting microclimates, riparian areas, and northward and upslope climate 
gradients are also included here. These climate strategies work because species experience 
climate at an extremely local scale and thus a topographically diverse landscape is experienced 
by its resident species as a heterogeneous mix of microclimates, allowing them to persist even 
where the average background climate appears unsuitable. Maintaining connectivity among a 
site’s microclimates is a key to facilitating the movement of populations into suitable local 
habitat as they adjust to a changing climate. Biotic features can also create cool microclimates as 
has been done effectively with riparian restoration along headwater streams.  
 
Natural disturbances perform an important service in sustaining ecosystems, they release stored 
energy, redistribute resources, and stimulate growth,  but they can also cause extensive damage 
and mortality, and they require space to accommodate. Managing for a canopy of mixed age 
structure and high species diversity is a way to spread risk and ensure that a portion of a site’s 
biota survives expected disturbance events, such as outbreaks of new pathogens mediated by 
climate. . In contrast, a site consisting solely of single species mature canopy trees concentrates 
risk, making the site more vulnerable and slower to recover from unexpected events.. . How 
managers plan and respond to natural disturbances is important because the renewal following a 
catastrophic disturbance is the point of greatest opportunity for something new and different to 
emerge that is potentially more resilient.   
 
Strategies that create climate options or facilitate movement    
 
Identify and protect micro-climates  
Topography, elevation gradients, and dense wetlands create microclimates (temperature and 
moisture combinations) that allow species to persist at a site by providing local climate options. 
Assessing a site’s landforms, such as the amount of wetlands, floodplain, riparian area, north and 
south facing slopes, cove, valley bottom, ridgeline, and summits, is a simple but effective way to 
inventory its species-relevant microclimates (Anderson et al. 2014).   
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Promote local connectedness 
Connected natural landscapes allow species populations to rearrange and take advantage of 
microclimates, avoid disturbances, and find suitable habitat. Increasing connectivity is the most 
agreed upon strategy for facilitating adaptation to climate change (Heller and Zavalata 2010?)   
 
Maintain vegetated and connected riparian areas 
Riparian areas provide cool microclimates, water sources, and functional connections between 
disparate terrestrial areas. Maintaining connected riparian areas is considered by many to be the 
single most important strategy for increasing options to climate change (Fremier et al. 2014, 
riparian restoration citations).  
 
Strategies that distribute risk  
 
Increase reserve size 
Large reserve areas provide more room to accommodate disturbances and allow for adaptation, 
and they tend to have more redundant ecological features that buffer the site from increased 
numbers of  disturbances.  Additionally, large areas provide more space for territorial species to 
breed, and quiet undisturbed interior habitat that some species require. (Anderson 2008).  
 
Promote and connect geophysical diversity 
A variety of soils and geological environments create diverse habitats for species and ensure a 
heterogeneous landscape. While it may not be possible to create geophysical diversity, designing 
or expanding a site to capture local soil diversity and managing the site to ensure that 
geophysically diverse areas are connected are good strategies for spreading risk.  
 
Enhance age/size class diversity  
Mixed age structures spread risk across a population, because species are vulnerable to stressors 
at different stages in their life cycle, and some age groups might be more susceptible to a 
particular disturbance or pathogen. Maintaining multiple age classes buffers the vulnerability of 
any single age class. 
 
Maintain and enhance species diversity 
A high diversity of species spreads risk and reduces the likelihood that the entire system will 
decline even if one or more species suffers adverse effects from climate change. It also helps 
ensure that some species are present that might thrive under the new conditions, or that if one 
species suffers dramatic declines due to a pest or pathogen, that others are available to fill its 
niche.   
 
The factors that create options differ slightly by system type, most of the above are for terrestrial 
systems but the concepts are applicable to other systems as well. In freshwater systems options 
are created by the length of the connected network and its complexity, the diversity of gradients, 
temperatures and substrates, and the influence of groundwater. Coastal systems responding to sea 
level rise are sensitive to available migration space and new habitat from movement of sand and 
sediment.   
 

  



 

12 
 

Processes 
Maintain the condition of the physical and chemical stage and manage for 
self-perpetuating ecological processes 
 
The objective of this group of management actions is to sustain or restore the physical and 
chemical stage and create the conditions under which nature can thrive. Strategically, our goal is 
to have nature be in charge, and focus our conservation on limited interventions that jump-start a 
biological process, reconnect a disrupted function, or reverse chronic degradation. These factors, 
however, are inextricably intertwined and attempt to restore a process may fail if the underlying 
condition has degraded. One criterion for resilient systems is that the sustaining processes are 
self-perpetuating and not dependent on continual manipulations. Or, if a system is already 
managed for a specific purpose (e.g. grazing) over the long-term, can we adapt the management 
to promote resilience? Determining what interventions to pursue may require some careful 
planning and understanding of the system. We recommend conservation managers begin with 
identifying key processes and abiotic characteristics that, if kept in place, will set the stage for 
biotic productivity and diversity. Managers should then evaluate if each of these processes is 
functioning or whether they can be repaired through limited intervention. 
 
We recognize there are potential complex inter-relationships across management activities; but 
as a starting point, conservation actions that must be performed in perpetuity to recreate a 
process or maintain a specific community should be seriously called into question, and should be 
evaluated as to their effectiveness in strengthening the ecosystem’s capacity to adapt. There may 
be some unique or short-term circumstances where resistance actions are important, but in our 
own experience, conservation practitioners default to this paradigm too often and the need for 
change is greater than ever. The key is continual and thoughtful long-term monitoring as we 
assumes that knowledge is incomplete, that surprises are inevitable, and that human interaction 
with ecosystems will always be evolving (Gunderson 2000).  
 
We now have some ability to simulate ecological processes, and it is possible to engineer 
solutions where humans play the role of some now defunct ecological process; however, there 
are vital reasons for wanting nature, not humans, to ultimately be in charge of sustaining the 
ecosystem. First, we do not want to create conservation dependent ecosystems when we cannot 
guarantee future generations will continue to simulate processes. Second, if ecosystems are 
moving into new states, we prefer to be there to facilitate and monitor the transition. Third, 
simulating processes is expensive and demands resources that can be used for other priorities like 
removing or reducing degradation. When physical degradation is reduced and the condition of 
the stage is improved, nature has a long track record of creating diverse and productive systems.  
 
Strategies that improve condition and sustain process 
 
Reduce physical and chemical degradation  
The goal of this strategy is to create the conditions under which the native biota can thrive. If the 
water and soil quality are degraded by excess anthropogenic inputs, or if root growth is 
hampered by excess nitrogen or phosphorus, interventions may be needed to reduce the inputs or 
restore the system.   
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Sustain natural fire regime 
Many of the most diverse and iconic ecosystems of the East are dependent on fire, and restoring 
fire regimes that mimic natural disturbance in fire-adapted systems can enhance regeneration and 
encourage stronger competition (Abrams 1992). Few areas in the East still sustain a natural fire 
regime, and decades of fire suppression has led to shifts in forest structure and composition. 
Although climate models do not fully agree, they suggest that most places will experience fire 
regimes in the future that are different from the past. 
 
Maintain unimpaired hydrology 
Soils that retain water and free-flowing river systems are critical to keeping a site’s hydrology 
intact, even as it adjusts to changes in precipitation and timing. Upstream diversions and 
impoundments in the watershed alter the natural runoff sometimes more than climate. Minimized 
road networks, culverts size requirements, and seasonal limits on heavy equipment can help 
maintain water cycles. Floodplain systems depend on periodic flooding to flush the system and 
deposit nutrient-rich sediments.   
 
Ensure periodic recruitment  
The conditions under which many species regenerate are sometimes different than the conditions 
under which mature individuals persist. This may require managers to apply limited intervention 
treatments that help certain species breed or germinate.   
 
Enhance soil forming processes 
Soil resources are impacted by compaction and rutting, erosion, nutrient removal, and increased 
temperatures that desiccate soil fauna. Re-evaluation of the timing and intensity of some 
practices can help reduce soil compaction, and retaining coarse woody debris can help maintain 
moisture conditions, soil quality, and nutrient cycling (Covington 1981, Duvall and Grigal 1999). 
Keeping rooted vegetation, woody debris, and litter on site prevents erosion, reduces nutrient 
loss, and binds soil particles. 
 
Allow natural gap dynamics 
Periodic treefall or occasional catastrophic windstorms free up resources and create structure. 
The goal is to plan for and anticipate storm events and retain as much of the debris, snags, and 
tip up mounds on the site. 
 
Restore keystone and foundation species 
A keystone species is a species that place a crucial role in the way an ecosystem functions 
providing structure and integrity to a community. Examples include pollinators, sea otters, or 
carnivores. Also called “ecosystem engineers,” a foundation species is a species that can 
physically modify the environment and produce and maintain habitats that benefit other 
organisms. Examples include beavers, coral, kelp, and bivalves. Reintroducing keystone or 
foundation species (or species groups) is often the best way to put a self-perpetuating process 
back into a system. 
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Sources 
Nurture Sources of Renewal  
 
One of the surprising lessons from Mount St. Helens was the importance of biological legacies - 
surviving organisms and organic debris - in the process of ecosystem recovery. The abundance 
of plant and animal survivors and their early importance were unexpected given the lunar 
appearance of the landscape immediately following the eruption. It was immediately apparent 
that, while most natural catastrophes, such as wildfire and windstorm, typically convert many 
trees from living to snags and down logs, very little organic material is actually removed. 
Furthermore, many of the plant and animal species found in the forest survive; this often 
includes mature specimens of the tree species. The result is that recovering ecosystems receive 
very large legacies of both living organisms and organic structures; compositional and 
structural diversity is, therefore, often high even in young natural forests (Franklin 1990).  
 
Strategies that promote biotic renewal and recovery 
 
Retain and promote biological legacies  
The biological legacies of previous or current site inhabitants can facilitate the persistence and 
adaptation of a site to climate change. Biotically-derived structures like dead trees, down logs, 
large soil aggregates, and dense mats of fungal hyphae play a large role in the recovery of an 
ecosystem after disturbance, as well as in daily functioning, soil protection, and in providing 
recruitment substrate and animal habitat (Gunn et al. 2009). Silvicultural treatments designed to 
retain biological legacies can be conducted to create diversity in structure, and retention 
strategies can be designed to ensure that legacies are effectively distributed across the site. 
Persistent soil seed banks play an important role in the recovering of a site after disturbance, 
abandonment, or direct destruction of above-ground vegetation. 
 
Respond to, or replicate, disturbances while maintain diversity and continuity  
In reference to a timber harvest, the type, quantity, and arrangement of vegetation structures that 
are left behind provide continuity in structural and functional elements. The goal of the design is 
to maintain or enhance the supply of ecosystem services, the provisioning of biodiversity, and 
the temporal and spatial continuity of key habitat elements and processes (Citation).  
 
Promote existing species populations  
Sites will change in species composition and relative abundance and it is likely that the condition 
and size of the existing species population will have an effect on their ability to adapt. Rare 
species and small populations may need special attention.    
  
Promote immigration through landscape level (between site) connectivity   
The recovery of a site after a disturbance is partially dependent on inputs from outside the site, 
and this requires connectivity with the surrounding landscape. In some cases translocation may 
be considered.  
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Introduction 
The Schenob Brook Preserve (2072 acres) is The Nature Conservancy’s (TNC) largest preserve in 
Massachusetts and protects a large calcareous wetland complex surrounding Schenob Brook, a 
lowland stream system in the southwest corner of the state (elevation ranges from 690 ft. to 
2,040 ft. within the preserve and to 2,608 ft. within the watershed.)  Schenob Brook and its 
associated wetlands are part of a 15,000 acre watershed in the Housatonic River valley in the 
towns of Sheffield and Mt. Washington, Massachusetts and Salisbury, Connecticut (Figure 1).  
The watershed also includes a large portion of TNC’s Mt. Plantain Preserve (1,650 acres) to the 
west, which is part of 24,000 acres of intact forest along the Berkshire-Taconic Plateau.  
Altogether, approximately 20% of the Schenob Brook watershed (2,647 acres) is under 
permanent protection by TNC. 
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Figure 1. Location of TNC’s Schenob Brook Preserve and other protected lands within the 
Schenob Brook watershed.  Preserve management subunits are labeled in gray. 
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The Nature Conservancy has had a long and varied interest in the Schenob Brook wetlands. 
Drawn to rare natural communities and the over 250 individual rare species (numerous state 
and one federally-listed species) that occur at the site within these wetlands, TNC initiated 
research and land protection here in the 1980s. Two important natural communities in the 
watershed include a calcareous sloping fen and over three miles of forested calcareous seepage 
swamp.  These calcareous wetlands were identified as an important regional site in The Nature 
Conservancy’s Lower New England Ecoregional Plan in 2001 (Barbour 2000) and as an 
important conservation target in a 2004 Conservation plan for TNC’s Berkshire Taconic 
Landscape (Murray & Abbott 2004). TNC’s interest in this area quickly spread beyond the 
wetlands to include a large forested area to west, known as the Berkshire Taconic Plateau, thus 
pursuing conservation of not just the wetlands but also their hydrological recharge zone and 
other important conservation targets.  
 
Over the past 30 years TNC efforts have helped to create an expansive network of protected 
lands in this area. Additionally, TNC encouraged and supported numerous research projects 
within the wetlands and surrounding area so that these systems and species could be better 
understood and documented. Much of that research then led to habitat management efforts to 
restore degraded habitats and improve rare species populations.  Although past management 
of the Preserve has included a variety of vegetation management activities (prescribed fire, 
herbicide applications, and mechanical cutting) to minimize woody plant succession in some of 
the fens and control invasive plants, current management has been limited to a small amount 
of invasive plant control and general land stewardship such as preserve and conservation 
easement monitoring, boundary marking, encroachments, agricultural lease oversight, and trail 
rehabilitation. 
 
With the growth of the Preserve as well as expanding stewardship responsibilities and limited 
resources, TNC staff decided to develop a comprehensive habitat management plan for the 
Preserve that would help prioritize management actions across management subunits. Groups 
of parcels were organized into management units based on the dominant habitat types found 
within them (Figure 1). As part of this management planning effort, we recognized the need to 
consider not just the current conditions within the Preserve but also to understand how the 
conservation targets would be impacted by climate change. This led us to investigate what 
changes we might expect from climate change and how resilient the Preserve may be in the 
face of climate change. We used both a spatial analysis of resilience as well as 
recommendations from the literature to identify a suite of possible management actions for 
improving resilience to climate change. Here we present the results of our analysis and a 
synthesis of the management recommendations that we identified through this process. 
 



 

20 
 

Ecology and Context 
 
The Schenob Brook watershed encompasses a large limestone depression flanked by 
sedimentary ridges (Figure 2). The headwaters for Schenob Brook occur at Twin Lakes in 
Connecticut and as the Brook heads north into the town of Sheffield, it merges with Dry Brook 
and tributary streams from Barnum and Guinea Swamps, eventually flowing into the 
Housatonic River (Figure 1).  Adjacent forested upland portions of the Preserve protect 
ecoregionally important forest habitat and also provide high quality water to the wetland and 
stream system of the Preserve. Calcareous wetlands occur at the base of a steep slope at the 
eastern edge of a glacio-fluvial kame terrace (Cadwell 1986).  The kame terrace is comprised 
primarily of calcareous gravels through which shallow groundwater moves and discharges at 
the edge of the wetlands forming high energy seeps at the upper edge of the fen (Lowenstein, 
Braun, and Biasi 1996).  Bedrock occurs 4-12 meters under the kame terrace.  Deep 
groundwater upwelling also occurs within the wetland complex (Lowenstein et al. 1996).  The 
kame terrace is currently bisected by the one major road in the watershed, Route 41, which 
runs north-south along the west side of the Preserve.  Most other roads in the central portion 
of the watershed are dirt roads. 

 
The unique biodiversity of the Schenob Brook Preserve – the rare species and significant 
communities - are an expression of its unique geology and topography. We quantified this 
underlying abiotic diversity through an assessment of the watershed’s “geophysical settings”, a 
regional classification developed by TNC (Anderson et al. 2015). Geophysical settings are unique 
combinations of geology and elevation that correspond to particular habitats and community 
types, and are believed to be key drivers of biodiversity (Anderson et al. 2015). Our assessment 
showed that the Schenob Brook watershed has a large diversity of settings, with a high 
proportion of relatively rare calcareous settings (Table 1, Figure 2).   Roughly half of the 
watershed is made up of calcareous or moderately calcareous settings, 30% of which are 
protected. The watershed also spans all four elevation zones of acidic sedimentary settings.  
These types of calcareous settings, including low and mid elevation calcareous and low 
elevation fine sediments, although rich in species diversity, are not well represented in current 
conservation lands regionally, and are considered to be an “underrepresented setting”.  
Underrepresented settings have “a combination of geology and elevation ranges that have a 
low level of existing conservation and a high level of conversion out of natural use” (OSI 2013).  
Where underrepresented settings are in good condition, they are particularly important to 
protect (OSI 2013).  Protecting these features as well as the range of geophysical settings in the  
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Table 1.  Geophysical Settings and Resilience within the Schenob Brook Watershed. Schenob 
Brook has 17 Geophysical settings (out of 44 found in the Lower New England/Piedmont 
ecoregion) with a high proportion of relatively rare calcareous settings. A description of each 
setting can be found in Anderson et al. 2012. “Underrepresented Settings” are indicated in bold 
type. A = average, SAA = slightly above average, AA = above average 

Setting Name 

Acres 
within 

Watershed 
Percent of 
Watershed 

Mean 
Resilience 
Score (SD) 

Mean 
Resilience 

Class 

Acres 
Protected 

in 
Watershed 

% Setting 
Protected 

in 
Watershed 

Very Low Sand 65 0.4% 0.4 A 3.8 6% 
Very Low Loam 2439 15.8% 1.3 AA 490.2 20% 
Very Low Silt Clay 1214 7.9% 1.6 AA 547.3 45% 
Very Low Acidic 
Sedimentary 187 1.2% 1.3 AA 1.8 1% 
Very Low Calcareous 4272 27.7% 1.2 AA 973.9 23% 
Very Low Moderately 
Calcareous 75 0.5% 0.7 SAA 11.3 15% 
Very Low Acidic 
Granite 1 0.0% 1.7 AA 0.0 0% 
Low Loam 29 0.2% 0.9 SAA 7.3 25% 
Low Silt-Clay 103 0.7% 0.5 SAA 41.8 41% 
Low Acidic 
Sedimentary 1293 8.4% 1.1 AA 804.2 62% 
Low Calcareous 1968 12.8% 0.7 SAA 512.2 26% 
Low Moderately 
Calcareous 807 5.2% 1.1 AA 566.4 70% 
Low Acidic Granite 3 0.0% 1.4 AA 0.0 0% 
Mid Loam 8 0.1% 1.1 AA 8.0 100% 
Mid Acidic 
Sedimentary 2904 18.8% 1.2 AA 2780.6 96% 
Mid Moderately 
Calcareous 43 0.3% 1.9 AA 36.9 86% 
High Acidic 
Sedimentary 17 0.1% 0.9 SAA 17.3 100% 
  15430 

 
1.1 AA 6803.0 44% 
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Figure 2. The geophysical settings of the Schenob Brook watershed. The watershed contains 
50% calcareous or moderately calcareous settings and it spans all four elevation zones of acidic 
sedimentary settings.   
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watershed may be important for conserving future biodiversity (Anderson & Ferree 2010). 
TNC’s fee and easement holdings cover a wide range of these geophysical settings (See Figure 
2).   
 
Expected Impacts from Climate Change in the Schenob Brook Watershed 
 
Massachusetts is expected to have a range of temperature and precipitation impacts from 
climate change by the end of the current century.  This will include estimated increases in 
summer and winter temperatures ranging from 4-10% oF (more increase in winter), more 
extreme heat events, increased precipitation, and an increase in ice storms and flooding events.  
Precipitation is expected to increase by 14%, primarily in the winter and as rain.  Precipitation in 
the summer is expected to decrease and cause low stream flows and summer drought (EOEEA 
2011; MCAP 2015). 
 
Precipitation changes are expected to impact snow cover, spring snow melt, peak stream flow, 
aquifer recharge, and water quality. These changes are likely to cause changes in the hydrologic 
regime of the Brook including timing of high and low flows as well as water temperature 
increases in the Brook and associated wetlands.  Changes due to winter warming and the timing 
of spring melting are expected to reduce groundwater reserves during subsequent seasons 
(Massachusetts Climate Adaptation Partnership). If summer precipitation decreases, the 
associated wetlands may become isolated, causing loss of habitat for aquatic organisms and 
restricting movement within the system.  Weaker spring floods could threaten systems that 
depend on seasonal floods and alter nutrient and sediment regimes (Grubin et al. 2007). For 
example vernal pools, which are important breeding and foraging spots for many species, could 
be affected as they rely on abundant spring snow melt to be filled.  
 
Changes to the upland forest of the watershed may include a longer growing season, additional 
tree growth due to CO2 fertilization, altered soil moistures due to increased evaporation and 
transpiration with high temperatures, and more disturbance and blow downs due to extreme 
weather events.  Additionally we expect these forests to encounter new invasive pests and 
pathogens (Rustad et al. 2011) and we may see changes in the relative advantage of various 
native and non-native species as species re-organize on the landscape.  Not all of these changes 
may have negative impacts on the wetlands, but the ones that cause increased disturbance, 
such as extreme weather events and forest pest and pathogens, could result in adverse effects 
on hydrology and available habitats. These impacts could come in the form of increased erosion 
and poor water quality, reduced groundwater recharge, and loss of important upland habitat 
for wildlife.  
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Characterization of Current Resilience  

The ability of natural systems within the Schenob Brook Preserve to withstand these types of 
climate-related changes will in part be determined by the site’s inherent resilience. We 
assessed this resilience using an updated version (2015) of a terrestrial resilience analysis 
created by TNC (Anderson et al. 2012). We also examined the amount of impervious surface 
within the watershed as an additional metric of watershed health, and reviewed results of a 
riparian corridor analysis as another indicator of resilience.  
 
TNC’s terrestrial resilience analysis seeks to identify places on the landscape or “natural 
strongholds” where the direct effects of climate change are moderated by complex topography 
and connected natural cover and where the current landscape contains high quality biodiversity 
features.  The resilience score is developed from an assessment of landscape diversity 
(landform variety, elevation ranges, wetland density and soil diversity) as well the local 
connectedness of the site which impacts the ability of species to move and disperse (Anderson 
et al. 2012).  Each point on the landscape is given a resilience score that is stratified by setting 
and ecoregion, meaning that it is compared only to places within the same ecoregion and 
geophysical setting. Scores are reported in terms of standard deviations (SD) from the mean for 
that setting and ecoregion. High resilience indicates high landscape diversity and a large variety 
of well-connected potential habitats, relative to other sites of the same geophysical setting 
within the ecoregion. A more detailed description of these metrics is beyond the scope of this 
report, but can be found in an updated TNC resilience report (Anderson et al., expected 2016). 
 
To assess the current resilience of the Preserve, we calculated summary statistics for the final 
resilience metric (“Resilience Stratified by Setting and Ecoregion with Regional Override”) at 
three scales: the whole Schenob Brook Watershed, wetlands within the watershed, and TNC 
land management units within the Schenob Brook Preserve (Figure 1). We looked at spatial 
patterns of the resilience datasets to understand and account for variability in resilience scores 
across the watershed, wetlands, and Preserve management units. We also wanted to test the 
utility and applicability of TNC’s terrestrial resilience analysis and related spatial data products 
at the scale of a preserve and in turn benefit from an improved understanding of the Schenob 
Brook Preserve in a landscape context. 
 
Overall, the results of the terrestrial resilience analysis show that Schenob Brook watershed, 
together with the neighboring forests of the Berkshire Taconic Plateau, forms a highly resilient 
landscape surrounded by areas of average to below average resilience (Figure 3). The 
watershed stands out with an average resilience score of 1.15 SD, meaning that most of the 
watershed is a full standard deviation above similar sites across the Lower New England  
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Figure 3. Estimated resilience within and surrounding the Schenob Brook Watershed. 
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ecoregion. Scores range between a low of  -2.02 SD and a high of 3.17 SD. The very highest 
scoring areas (> 2 SD) are found along the steep eastern slope of the Berkshire Taconic Plateau 
and within the large wetland complexes of the Schenob Brook watershed (Figure 3).   
Areas of “average” resilience correspond to agricultural fields and flat areas. Portions of the 
watershed considered “below average” are along the eastern fringe of the watershed where 
residential development is more concentrated (Figure 3). 
 
Landscape Diversity 

 
One component of terrestrial resilience, landscape diversity, has a wide range of variability in 
this watershed (Figure 4). Scores range from a low of -3.17 (SD) to a high of 4.93 SD, and the 
entire site averages almost 1 SD (0.097 SD) above the mean score for the setting in the 
ecoregion. The highest scoring areas (> 2 SD) are along the ridgelines and slopes associated 
with the Berkshire Taconic Plateau, and around the densely concentrated wetlands of the 
Barnum Street Swamp. Landscape diversity is average or below average along the flat fields to 
the west of Route 41 at the base of the Taconic slope, and within the interior of the Schenob 
Brook Fen. In the Connecticut portion of the watershed, landscape diversity immediately 
around the Twin Lakes is increased because of their surrounding wetlands and the elevation of 
Tom’s Hill, however very little landscape diversity exists in the flat upland areas further north 
and south. Landscape diversity is amplified by the significant elevation range in the western half 
of the watershed, while wetland density contributes to complex microhabitats in the 
watershed’s eastern half.  Our field experience in the Schenob Brook Wetlands confirms these 
results as there is a large diversity of wetland types with numerous microhabitats as well as a 
number of upland cobbles scattered through the wetland. These changes are also noticeable 
through temperature gradients when traversing from upland to wetland areas. 

Local Connectedness 
 
The second component of terrestrial resilience, local connectedness, shows that the Schenob 
Brook Watershed is well connected both within the watershed as well as to other sites both to 
the north and west of the watershed (Figure 5).  The watershed, however, is less well 
connected to areas to the east and south.  Local connectedness scores range from -2.02 SD to 
2.72 SD, with a mean of 1.32 SD relative to other sites of this type. Maximum scores for local 
connectedness within the watershed are lower when compared to those for Landscape 
Diversity; however the watershed shows more uniformly above average scores for 
connectedness (Figure 5). The highest scoring areas for local connectedness are along the 
Schenob Brook wetlands. We would expect roads, particularly Rt. 41, to be among the most 
fragmenting features within the watershed, however that was not evident in the map of 
connectedness. We found this was partly due to the stratification of the connectedness metric  
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Figure 4.  Landscape diversity within and around the Schenob Brook Watershed.   
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Figure 5. Local connectedness of Schenob Brook watershed.  The white line bisecting the 
watershed is the largest road in the watershed, Route 41.  
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here, and we found it useful to look at that metric before stratification to better grasp the 
influence of the road at this scale. Overall, high connectedness scores across the watershed are 
consistent with our expectations given that it is largely undeveloped and does not contain 
major roads. 
 
Impervious surfaces  
 
The amount of impervious cover or hard substrates (e.g. roads and parking) in a watershed 
typically increases through urbanization and prevents natural rainwater from soaking gradually 
into the ground. Impervious cover can impact streams in a number of ways including 
hydrological (e.g. runoff and flow), physical changes (e.g. channel size and shape), water quality 
(e.g. temperature and pollution) and biological changes (species assemblages) (MDNR 2012). 
Stream quality indicators are strongly impacted at 10% impervious cover (CWP 2003), however, 
recent research has shown many significant declines in numerous stream taxa with as little as 
2-3% impervious cover (King and Baker 2010). We used the 2011 National Land Cover Dataset 
(NLCD) percent developed impervious layer to calculate the amount of impervious surface in 
the Schenob Brook Watershed. This dataset gives a measure of percent impervious surface per 
30 meter by 30 meter grid cell, which we translated to square meters per cell, then summed up 
across all cells in the watershed.  Our calculation of impervious surface in the Schenob Brook 
watershed indicated that currently less than 1 % of Schenob Brook watershed is impervious. 
Only 64 acres of the 15,430 acre watershed is impervious (0.42%).  Within the Massachusetts 
portion of the watershed (9938 acres), 41 acres are impervious (0.41%). This analysis reinforces 
the resilience analysis above by showing that the percent of natural cover is high in the 
watershed, likely an important factor contribution to above average resilience scores.  

 
Riparian climate corridors 
 
Because of the difficulties of designing enough terrestrial conservation corridors across 
fragmented landscapes to maintain terrestrial resilience, riverine riparian corridors have been 
identified as a way to enhance connectivity (Fremier et al. 2015).  These corridors have a higher 
rate of conservation management than terrestrial lands and can connect lowlands, which are 
underrepresented in protected lands, to higher elevations which are more protected (Fremier 
et al. 2015). We used results from the 2015 report “Permeable Landscapes for Climate Change” 
produced by TNC’s Eastern Conservation Science Program, to identify potentially important 
riparian climate corridors.  

These riparian corridors were derived from portions of active river areas (Smith et al. 2008) that 
met a minimum local connectedness score and were at least 10 acres in size.  Potential 
corridors were then ranked according to size, temperature gradient, steepness, and local  
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P  Figure 6. Potential riparian climate corridors in the Schenob Brook Watershed. 
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connectedness.  The Schenob Brook Watershed contains five “Class D” riparian climate 
corridors (the smallest such corridors with a size between 10 and 100 acres), selected for their 
high temperature gradients (> 1 SD, mean of 1.2˚ C), intactness (local connectedness score > 
35), and minimal slopes (< 50 meters elevation change per 10 acres). These short riparian 
corridors are quite common (4036 examples of “Type D” exist within the eastern US), and TNC’s 
Eastern Conservation Science Team is still refining a more highly prioritized set. Important 
corridors identified in this analysis include both riparian areas connecting the floodplain of 
Schenob Brook to the uplands to the west as well as the riparian areas along both Schenob 
Brook and its major tributary, Dry Brook (Figure 6).  These corridors could be of particular 
importance for species to move from low elevation fens to the upland ridges to the west and 
north, so connectivity should be maintained within them. 

 
Resilience of Wetlands within the Schenob Brook Watershed 

 
We analyzed wetlands within the watershed using the terrestrial resilience dataset to 
determine how resilience may differ among the wetlands and therefore assist with 
prioritization of potential management activities. An analysis of the resilience of National 
Wetlands Inventory data for the watershed showed that all wetlands in the watershed had high 
resilience, particularly the large wetlands in the central portion of the watershed that are 
currently protected by TNC (Figure 7).  
 
Resilience of TNC Management Units within the Schenob Brook Preserve 
 
We also used the terrestrial resilience dataset to analyze resilience over the management 
subunits of TNC ownership in order to assist in prioritizing management efforts.  All the 
management units have high resilience  (minimum average is 1.2 SD  (> 1 SD above mean), 
however, the Barnum Street swamp unit (Figure 1) has the highest resilience due to high 
landscape diversity within this wetland (Figure 4).  The lower resilience estimates at our 
Bartholomew Farm and Schenob Fen units is due to the lower landscape diversity at these 
sides, as connectivity is good across these management units (Figures 4 & 5).  Since landscape 
diversity is not something that can be changed with our management actions, our focus should 
be on maintaining good connectivity of these units to the areas around them. 
Summary of Resilience Assessment 
 
A review of the regional scale terrestrial resilience data indicates that Schenob Brook 
watershed is estimated to be highly resilient compared to other sites of the same geophysical 
setting. This is due to good local connectedness as well as the range of habitats available for  
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Figure 7.  Resiliency of wetlands in the Schenob Brook Watershed.  
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species to move as climate changes.  The suite of geophysical settings present here are unique 
and underrepresented compared to other geophysical types in the region.  Within the region 
and together with the large forest core to the west this watershed is part of a 40,000 acre 
cluster of above average resilience (Figure 3).  Additionally the analyses demonstrated that the 
Schenob Brook watershed has an unusual complex of resilient wetlands and that the watershed 
is relatively free of impacts from urbanization.  It also has riparian areas that could provide 
important migration corridors for species in this area. 

 
 
Identifying Management Actions to Maintain or Increase Resilience 
 
Given that the species composition of the site is highly likely to reorganize under climate 
change, our management focus should be on “conserving the stage” (Anderson & Ferree 2010; 
Beier and Brost 2010).  The goal is to identify the critical interventions that will ideally enhance 
the ability of the Preserve to be resilient in the face of climate change. 

We identified a range possible conservation actions that can maintain and enhance resilience.  
We organized these potential actions into three overall groups (Tables 2-4) that are considered 
to be important aspects of site resilience: preserving options, protecting processes, and 
nurturing sources of biotic renewal (see the Introduction to overall report for more details). 

Preserving Options 

The goal of preserving options is to create a large enough protected area with enough species 
and community level diversity as well as connections to other natural areas and to create 
redundancies if some areas become compromised.  This resilience analysis was helpful in that it 
prompted us to consider what options are available for species to access a variety of habitats 
that may vary in location, elevation, or successional stage. For its proximity to large populated 
areas in the northeast United States, the Schenob Brook Preserve a large wetland complex and 
we have already succeeded at protecting a variety of habitat types at a range of elevations.  
Two future options for increasing size of the protected area include investigating further land 
protection opportunities to make sure we have all geophysical units represented as well as to 
work with other conservation partners and neighbors to make sure our management strategies 
are oriented to similar goals, therefore effectively creating a larger Preserve. 

Additionally we could focus on improving connectedness across tracts within the Preserve. The 
resilience analysis showed us that the agricultural lands along Route 41 may be acting as a 
movement barrier for wildlife moving between the wetlands and the uplands. This potential 
barrier could be reduced by increasing the size (up to 100’ wide) of the hedgerows between 
fields, thereby providing more natural cover to wildlife. This analysis also highlighted the  



 

34 
 

Table 1.  Resiliency Strategies for Schenob Brook: Options 
Element 
of Site 
Resilience Strategy Objective General Strategy  

Possible conservation actions for 
Protecting the resiliency of the Schenob 
Brook Preserve and Watershed 

Options Spread Risk by 
increasing options 
and redundancies 

Identify and 
protect 
microclimates 

-Protect and connect areas with 
microclimate diversity within watershed. 

Promote local 
connectedness 

-Create wooded corridors between 
wetlands and uplands to west. 
-Provide BMPs for enhancing wildlife 
habitat to neighbors. 
-Identify ways to increase riparian 
connectivity to Housatonic river corridor. 

Increase reserve 
size 

-Work with managers of nearby preserves 
and neighbors to suggest similar 
management practices. 
-Protect “Tier 1” properties  in existing 
land protection plan to achieve 80% 
protection of priority wetlands. 

Enhance 
age/size class 
diversity 

-Assess age/size class diversity in selected 
habitat types and if necessary implement 
management actions to improve diversity. 

Promote and 
connect 
geophysical 
diversity 

-Ensure that TNC land protection plan for 
the Schenob Brook Watershed includes 
adequate representation of landscape and 
geophysical diversity and prioritize parcels 
of under-represented types. 

Maintain and 
enhance species 
diversity 

-ID species of greatest concern, develop 
monitoring plan with indicators to trigger 
management actions if decline is detected. 
-Monitor wildlife diversity at the preserve 
scale and vegetation within selected 
habitat areas.  
-Remove threats, such as invasive 
monocultures, that threaten diversity. 
-Identify species most adapted to climatic 
changes and prioritize management 
actions for these species. 
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Table 2.  Resiliency Strategies for Schenob Brook: Processes 
Element 
of Site 
Resilience Strategy Objective General Strategy  

Possible conservation actions for 
Protecting the resiliency of the Schenob 
Brook Preserve and Watershed 

Process Manage for self-
perpetuating 
ecosystem 
processes 

Reduce physical 
and chemical 
degradation  

-Work with towns to make sure that roads 
are kept unpaved and that silt is not 
washing into wetlands. 

Sustain natural 
fire regimes  
  
Maintain 
unimpaired 
hydrology  

-Assess threats at headwaters and outside 
boundary of this preserve. 
-Assess culverts and prioritize 
improvements. 

Ensure periodic 
recruitment  

-Survey for excessive deer herbivory and 
increase hunting activity if needed. 
-Manage invasive plants that are 
preventing recruitment. 
-Monitor for recruitment in priority 
habitats and implement management 
actions if necessary. 

Enhance soil 
forming 
processes 

-Control invasive plants that may change 
soil composition or carbon storage. 
-Monitor for downed woody debris and 
create more if necessary.  

Allow natural 
gap dynamics 

-Monitor for natural gap dynamics via 
satellite imagery. 
  

Restore 
keystone species  

-Ensure stable beaver population. 

 
importance of the Barnum Street wetland because of its greater elevation range. Until this time 
we had not recognized the importance of topography in these wetlands.   The diversity of 
wetlands types and microtopographic structure (leading to thermal diversity) within these 
wetlands will be key factors in mitigating the effects of climate change (Suggitt et al. 2011). 
Maintaining the connectivity of these habitats is important so that species can move from one 
wetland to another 
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Table 3.  Resiliency Strategies for Schenob Brook: Sources 
Element 
of Site 
Resilience Strategy Objective General Strategy  

Possible conservation actions for 
Protecting the resiliency of the Schenob 
Brook Preserve and Watershed 

Sources Nurture sources of 
biotic renewal 

Retain and 
promote 
biological 
legacies 

-Promote species that are highly suited to 
provide biological legacies 
-Monitor for downed woody debris and 
create more if needed. 

Promote existing 
species 
populations 

-Promote growth of species most suitable 
for new climate (i.e. oak and white pine). 
-Identify key stressors for important 
species. 

Promote 
immigration 
through 
landscape-level 
connectivity 

-Create wooded corridors between 
wetland and uplands to west. 
-Monitor northerly flow and culverts as 
needed. 
-Increase connectivity between 
management subunits, particularly 
between fen areas and wetlands to the 
north. 

Respond to 
disturbances 
while 
maintaining 
diversity 

-Maintain seed or nursery stock of desired 
species for use following severe 
disturbances. 
-Allow for areas of natural regeneration 
after disturbance, control invasive species. 
 

Introduce 
species when 
needed 

-Investigate possible substitutes for 
species such as red maple and tamarack, 
which are likely to decline in the new 
climatic conditions. 

 

The watershed is connected to a major intact forested corridor along the Taconic Range at the 
intersection of Massachusetts, New York and Connecticut.  Given its location it also could be an 
important corridor for species experiencing range shifts and seeking out higher elevations to 
the west of the preserve (Chen et al. 2011).  In addition, the watershed contains several riparian 
corridors identified in the regional analysis discussed above.  These were identified because 
they are intact areas of floodplain in Schenob Brook that contain large temperature gradients.  
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These could be of particular importance for species ability to move from fens to the upland 
ridge, so maintaining/improving connectivity along these corridors should be considered. This 
could be done by ensuring that riparian habitat under our ownership has natural cover, working 
cooperatively with other conservation organizations that own land within the watershed and 
educating neighbors on the importance of maintaining this habitat. We could also ensure that 
there are varied habitats within close proximity to the riparian corridors so that many species 
are able to find their necessary habitats as they move into new areas. This could be 
accomplished through habitat management activities. An additional strategy could be to 
protect additional lands at the northeast portion of the watershed to enhance the riparian 
corridor where Schenob Brook meets the Housatonic River. This would require improving 
connectivity across Route 7, a major north-south road to the east of the Preserve.  

An additional conservation action focusing on preserving options could include assessing the 
health of forests across the Preserve. A healthy forest is one that is being managed to support 
trees that will be most suitable for the changing climate (oak, pine, and hickory) (VFPR 2015). 
This forest should be diverse in age class and structure and should have sufficient regeneration 
and woody debris. This may require some thinning and girdling to achieve this diversity as well 
as invasive plant control to promote tree regeneration. Extensive deer browse can also 
threaten forest regeneration and should be monitored. TNC allows deer hunting through most 
of the Preserve and so far this has helped to maintain a healthy deer population.  

 

Protecting Processes 

Protecting processes is essentially about saving the processes that maintain the site, also 
known as “saving the stage” for future evolution (Anderson & Ferree 2010). This includes 
maintaining processes such as prescribed fire, hydrology, soil formation, keystone species and 
regeneration. Because the Schenob Brook Preserve is a wetland system, maintaining an 
appropriate hydrologic regime is of critical importance. Previous research at the preserve has 
indicated that Schenob Brook wetlands obtain water from a variety of sources including 
precipitation, ground water movement under kame terraces, and surface flow from both high 
and low elevations.  This hydrologic diversity may provide additional protection from hydrologic 
changes expected under climate change (MCAP 2015, Snyder et al. 2015).  Maintaining the 
hydrologic recharge zone as a healthy forest is critical to buffering the groundwater supply from 
climate change.  However, changes due to winter warming and the timing of spring melting are 
expected to reduce groundwater reserves during subsequent seasons (MCAP 2015).  It is 
unclear how these hydrologic changes may change the balance of calcareous groundwater 
inputs or will change overall water coming into the system.   
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Efforts to ensure that  natural and unimpaired hydrology persist could focus on management 
within the hydrologic recharge zone in the uplands, understanding and combating threats in the 
headwaters, addressing pollutants and sedimentation from roads and development, and 
improving stream road crossings within the watershed. TNC’s previous conservation actions at 
the Preserve focused on preserving this zone on the kame terrace and currently most of the 
land is protected. Potential stressors that need monitoring in the future include road impacts 
from route 41 and agricultural practices. 

The analysis of impervious surface within the watershed showed that currently less than 1% of 
the watershed currently has impervious surface, an important component of watershed health.   
Because watershed urbanization has strong effects on watershed health and because impacts 
to stream communities can be seen at even 1% impervious cover (King & Baker 2010), keeping 
this watershed rural is important to its long term resilience. There are a few stream crossings 
within the watershed that were poorly constructed and are rapidly deteriorating. These 
crossings could be targeted for upgrades to wildlife friendly crossings as it is now well 
understood that crossing configuration is very important to successful movement of aquatic 
and terrestrial animals. TNC should remain aware of development trends in the watershed as 
well as the status of road maintenance advocate to keep roads from being paved.   

 
Protecting Sources of Biotic Renewal 
 
Protecting sources of biotic renewal includes all those actions that assist in maintaining a 
diverse array of species on the landscape so that they can adapt and respond to changes.  
These types of actions are designed to maintain the sources of renewal: the species that will 
move and revegetate habitats after disturbance.  Not all species will persist through climate 
change, but we can make predictions about which species are most likely to thrive in new 
climate and monitor for regeneration. Climate modelling suggests that oaks, white pines, and 
hickory will become dominant trees and species such as birch, maples and tamarack may 
experience dramatic declines (VFPR 2015). The upland forests could be managed to promote 
the oaks, hickory and white pines. The forested wetlands are currently dominated by red 
maples and tamaracks, and it is unclear at this time how climate change will affect those 
species.  While the reduction in the size of wetlands will likely result in the loss of some of these 
trees, it is also possible that these large intact wetlands are the only places where red maples 
and tamarack will be able to persist and therefore their management in these wetlands could 
be critical. Also, as mentioned early, the Schenob Brook watershed is home to a number of rare 
species. A careful assessment of these rare species that considers their ecological importance, 
current range, and ability to thrive in a new climate could help us prioritize which species 
should have priority in management.  
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One of the most important threats to the current plant communities in the watershed are 
invasive plant species.  In portions of Schenob Brook Preserve, invasive plants already dominate 
the understory and may be reducing tree regeneration as well as understory diversity. A recent 
field assessment of the Preserve demonstrated that plant invasions are widespread, particularly 
in some of the wetlands and adjacent upland buffers.  Additionally the destructive forest pest, 
the Emerald Ash Borer, will likely remove all ash trees from the watershed in the next 10 years, 
impacting one of our most important and rare natural communities, the black ash swamp.  In 
the future we plan to target invasive species for management that increase vulnerability to 
climate change as well as to focus on early detection and rapid response to new invasions, 
particularly after destructive storm events.  We will also need to be aware that control 
techniques may need to be shifted as climate change progresses (Bioinvasions 2014). 
 
With an increased number and severity of flooding events and other severe storms as well as 
impacts from forest pests and pathogen the watershed will experience increased disturbances. 
Quick regeneration by native plants will be important for preventing greater impacts from 
threats such as erosion and habitat loss.  These kinds of disturbances also may provide 
opportunities to plant species more suitable to the new climate.  
 
Choosing Management Actions 
 
As preserve managers we have been  focused primarily on basic management tasks such as 
maintaining trails, boundaries and facilities, dealing with encroachments, and interacting with 
the public.  We can only implement restoration actions when time and resources are available.  
Considering the  possible management actions listed above to increase climate resilience for 
Schenob Brook led to the question of how to choose what to do?   We have not yet prioritized 
the possible conservation actions for Schenob,  but describe below some important 
considerations. 
 
Beyond the traditional constraints of time and money which limit our options we need to 
consider what are the most important restoration projects that would do the most to enhance 
the resilience of the site over the long term?  Choosing the right projects is critical as it can be 
difficult for us to maintain long term restoration projects due to changes in resources and 
staffing. As mentioned above, we will identify the critical and limited interventions that will 
enhance the ability of the Preserve to be resilient in the face of climate change.  Ideally our 
restoration will focus on restoring processes rather than specific species so that restoration 
efforts overall are limited and we can also focus on our other preserve issues.   
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We also feel that our restoration actions are likely to be successful when we understand how 
our actions and our preserves fit into the human community surrounding the preserve.  We 
need to understand the connections between people and the Preserve as well as how people 
and community actions may be impacting the resiliency of the Preserve.  Additionally when 
when we implement conservation actions, particularly those that fall outside preserve 
boundaries, it will be important that the community understand and support the goals.  The 
community may include potential collaborators and stakeholders including other land 
management organizations and agencies to local farmers and important community members. 
 
 
Indicators of Resilience: Monitoring Preserves for Climate change 
 
On the preserve scale it is difficult to maintain complex long term monitoring projects due to 
multiple demands, changing staff, and little time for complex data collection or analysis. We will 
need to consider developing multi-facetted monitoring program that relies on monitoring from 
a variety of organizations (e.g. MA Natural Heritage Program, Department of Fish and Game, 
New England Plant Conservation Program) and that would allow TNC staff to focus on a few 
specific monitoring objectives. Partners could also include local academic institutions and 
citizen scientists such as neighbors and volunteer stewards.  A list of monitoring options has 
been outlined in Table 3 and includes monitoring at a variety of scales. Before implementing 
monitoring it is important to consider what we are trying to determine and what would be the 
simplest and least resource intensive method for determining the answer.  In most cases 
monitoring does not need to happen regularly, and intervals of 5 to 10 years may be sufficient 
for detecting changes and having adequate time to respond with management actions. The 
Schenob Brook Preserve has had a long history of monitoring and research which could provide 
unique opportunities for assessing changes over time at the Preserve 
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Table 3.  Possible monitoring options for assessing changes at the Schenob Brook Preserve. 
Monitoring Target Methodology Lead Organization Monitors Time Interval 
Rare reptile Population estimate TNC Staff or 

Contractors 
Every 5 years 

Rare reptile Habitat use and Home 
range 

TNC Staff or 
Contractors 

Every 10 years 

Wildlife Movement Tracking along Route 
41 and riparian 
corridors 

TNC Contractors or 
Volunteers 

After habitat 
management and then 
every 5 to 10 years 

Forest 
Regeneration 

Sampling Research 
Institution 

Student Project Every 10 years 

Water pollutants Sampling Research 
Institution 

Student Project As needed/ Every 10 
years 

Hydrologic changes Sampling & Modeling Research 
Institution OR TNC 

Student Project 
Or Contractor 

As needed/ Every 10 
years 

Rare Plant Species Surveys New England Plant 
Conservation 
Volunteers/ MA 
Natural Heritage 

Volunteers Annual /  As needed 

Deer Population 
Estimates 

Surveys and Modeling State Wildlife 
Agency 

Hunters Annual 

Regional Forest 
Conditions 

Sampling State Forestry 
Agency 

Staff Every 10 years or 
longer. 

New Invasive 
Plants 

Surveys TNC Staff and 
Volunteers 

Annual / As needed 

Rare Community 
Types 

Surveys and Sampling TNC and/or MA 
Natural Heritage 

Staff or 
Volunteers 

Every 5 years 

Course woody 
debris 

Surveys Research 
Institution 

Student Project Every 10 years 

Species 
Assessments (e.g. 
Birds, Lepidoptera, 
etc.) 

Surveys or Sampling Research 
institution or State 
Agencies 

Students, Staff 
or Contractors 

Ad hoc 

Vernal Pool 
Monitoring 

Surveys or Sampling Research 
institution or State 
Agencies 

Students, Staff 
or Contractors 

Ad hoc 

 
Conclusions 
 
The Schenob Brook watershed has long been recognized for its rare natural communities and 
ecosystems; however, this analysis and literature review confirms its importance and indicates 
that this high resilience site at a low elevation could be important as a movement corridor 
between other resilient sites in southwest Massachusetts. Additionally because water sources 
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for the wetland are varied and includes substantial ground water inputs (Snyder et al. 2015) 
and because the area has intact riparian wetlands, this site could be an important refugia and 
corridor during climate change as other river systems may experience more severe flow 
impacts.   
 
We found that conducting this resilience analysis and using the framework provided in Table 2 
were both important in completing an assessment of the Preserve and coming up with possible 
conservation actions to enhance the resilience of the site.  The resilience analysis confirmed the 
importance of this watershed as well as pointed out additional areas we could protect to 
enhance watershed resilience.  It also expanded our focus from the Preserve itself to how it was 
situated and connected to other natural landscapes both locally and regionally.  As a result we 
identified management options such as implementing corridors across agricultural lands.  
Additionally we found the resiliency analysis was limiting in terms of thinking of a wider set of 
adaptation strategies beyond connectivity. It was most helpful as a starting point for 
understanding the general characteristics of the site.  For example, we cannot improve the 
diversity of landforms.  The datasets also do not explicitly identify areas that although are 
natural cover, may not be ideal for maintaining resilience including areas with a significant 
cover of invasive plants.  Futhermore the analysis will not point out issues such as lack of forest 
regeneration or extensive pest and pathogen damage that may limit the ability of the forest to 
be resilient in the face of climate change.   
 
Using the general strategies and strategy objectives in Table 2, combined with the impervious 
surface analysis, the Massachusetts Wildlife Climate Action Tool (2015), and other sources such 
as suggestions in the literature (e.g. Heller & Zaveleta 2009; Mawdsley et al. 2009; Palmer et al. 
2009; Bioinvasions 2014) and was a useful way of overcoming the limitations of the resilience 
analysis and thinking through what is important to the maintenance of biological diversity.  As 
managers we can go beyond our traditional preserve management approach of mitigating 
threats within the preserve to a new approach that prioritizes maintaining resilience by 
improving connections to the adjacent forested uplands as well as maintaining the intact 
riparian corridors. TNC’s past land protection efforts have been important for maintaining the 
site integrity.  Because much of the watershed is protected under TNC’s management, including 
many key parcels, TNC is in a unique position to maintain and enhance site resilience in the 
Schenob Brook Watershed through future management actions.  An important next step will be 
to review all the possible conservation options identified in the above analysis and assess them 
for conservation impact, human community impact,  and feasibility so that we can identify a the 
most critical actions for maintaining the resilience of the Preserve and the Watershed. 
 
 



 

43 
 

 
References 
 
Anderson, M.G., M. Clark, and A. Olivero Sheldon. 2012. Resilient Sites for Terrestrial 

Conservation in the Northeast and Mid-Atlantic Region. The Nature Conservancy, 
Eastern Conservation Science. 168pp.  

 
Anderson, M.G., and C.E. Ferree. 2010. Conserving the Stage: Climate Change and the 

Geophysical Underpinnings of Species Diversity. PLoS ONE 5(7): e11554. 
doi:10.1371/journal.pone.0011554 

 
Anderson, M.G., M. Clark and B. McRae. 2015. Permeable Landscapes for Climate Change. The 

Nature Conservancy, Eastern Conservation Science, 64pp. 
 
Barbour, H. 2000. Lower New England – Northern Piedmont Ecoregion Conservation Plan: First 

Iteration. The Nature Conservancy. 
 
Beier, P. and B. Brost. 2010. Use of land facets to plan for climate change: conserving the 

arenas, not the actors.  Conservation Biology 24:701-710. 
 
Bioinvasions in a changing world: a resource on invasive species-climate change interactions for 

conservation and natural resource management. 2014. Prepared for the Aquatic 
Nuisance Species Task Force and the National Invasive Species Council by the Ad Hoc 
Working Group on Invasive Species and Climate Change. 

 
Center for Watershed Protection (CWP). 2003. Impacts of Impervious Cover on Aquatic 

Systems. Watershed Protection Research Monograph No. 1. 142 pages.  
 
Chen, I. C., J. K. Hill, R. Ohlemüller, D.B. Roy, and C.D. Thomas. 2011. Rapid range shifts of 

species associated with high levels of climate warming. Science, 333(6045), 1024-
1026. 

 
Executive Office of Energy and Environmental Affairs (EOEEA). 2011. Massachusetts Climate 

Change and Adaptation Report.  Commonwealth of Massachusetts. 
 
Fremier, A.K., M. Kiparsky, S. Gmur, J. Aycrigg, R. Kundis Craig, L.K. Svancara, D. Goble, B. 

Cosens, F.W. Davis, and J. M. Scott.  2015.  A riparian conservation network for 
ecological resilience.  Biological Conservation 191:29-37. 



 

44 
 

 
Grubin, E., A. Harady, R. Lyons, A. Schmale, and T. Sugii. 2007. Conserving freshwater and 

coastal resources in a changing climate.  Department of Urban and Environmental 
Policy and Planning, Tufts University for The Nature Conservancy. 

 
Heller, N.E. and E.S. Zavaleta. 2009.  Biodiversity management in the face of climate change: A 

review of 22 years of recommendations.  Biological Conservation 142: 14-32. 
 
King, R,S. and M. E. Baker. 2010. Considerations for analyzing ecological community thresholds 

in response to anthropogenic environmental gradients. Journal of the North American 
Benthological Society, 29(3):998-1008.  

 
Lowenstein, F. , J. Severson, and A. Cutko.  1996.  Conservation assessment of calcareous fens 

of the Housatonic Valley: Sharon, CT to Pittsfield, MA. 
 
Lowenstein, F. , N. Putnam, M. Anderson and F. Biasi. 1996.  Relationships between community 

composition, stand age, and hydrologic status: Schenob Brook Fen, Massachusetts.  
Final Report to the Rodney Johnson Stewardship Endowment.  The Nature 
Conservancy. 

 
Maryland DNR. 2012. Maryland Stream Health: How Impervious Surface Impacts Stream 

Health. http://www.streamhealth.maryland.gov/impervious.asp. 
 
Massachusetts Climate Adaptation Partnership (MCAP). 2015. Massachusetts Wildlife Climate 

Action Tool. Accessed on January 7, 2016. https://climateactiontool.org/ 
 
Mawdsley, J. R., R. O’Malley, and D.S. Ojima. 2009. A review of climate-change adaptation 

strategies for wildlife management and biodiversity conservation. Conservation 
Biology 23(5): 1080-1089. 

 
Murray, J. and T. Abbott.  2004.  Conservation Area Plan for the Berkshire Taconic Landscape.  

Executive Summary. The Nature Conservancy. 
 
Open Space Institute. 2013.  Resilient Landscape Initiative Resilient Landscape Selection 

Process. 
http://www.osiny.org/site/DocServer/ResilientLandscapeSelectionProcess_May142013.
pdf?docID=12863) 

 

https://climateactiontool.org/
http://www.osiny.org/site/DocServer/ResilientLandscapeSelectionProcess_May142013.pdf?docID=12863
http://www.osiny.org/site/DocServer/ResilientLandscapeSelectionProcess_May142013.pdf?docID=12863


 

45 
 

Palmer, M. A., D.P. Lettenmaier, N.LeRoy Poff, S.L. Postel, B. Richter, and R. Warner.  2009.  
Climate change and river ecosystems: protection and adaptation options.  
Environmental Management 44: 1053-1068. 

 
Rustad, L., J. Cambell, J. Dukes, T. Huntington, K.F. Lambert, J. Mohan, and N. Rodenhouse. 

2011. Changing Climate, changing forest: the impacts of climate change on the forests of 
the Northeastern United States and Eastern Canada. General Technical Report NRS-99. 
Newtown Square, PA: U.S. Department of Agriculture, Forest Service, Northern 
Research Station.  48 p. 

 
Smith, M. P., Schiff, R., Olivero, A., and MacBroom, J. G. 2008. The active river area: A 

conservation framework for protecting rivers and streams. The Nature Conservancy, 
Boston, MA. 59p. 

 
Snyder, Craig D., Hitt Nathaniel P., and Young John A. 2015. Accounting for groundwater in 

stream fish thermal habitat responses to climate change.  Ecological Applications 25 (5): 
1397-1419. 

 
Suggitt, A. J., Gillingham, P. K., Hill, J. K., Huntley, B., Kunin, W. E., Roy, D. B. and C. D. Thomas. 

2011.  Habitat microclimates drive fine-scale variation in extreme temperatures. Oikos, 
120: 1–8.  

 
Swain, P.C. and J.B. Kearsley. 2000. Classification of the natural communities of Massachusetts. 

Natural Heritage & Endangered Species program.  Massachusetts Division of Fisheries 
and Wildlife, Westborough, MA. 

 
The Nature Conservancy. 2010.  Climate change and conservation: a primer for assessing 

impacts and advancing ecosystem-based adaptation in The Nature Conservancy.   
 
Vermont Department of Forests, Parks and Recreation (VFPR).  2015. Creating and Maintaining 

Resilient Forests in Vermont: Adapting Forests to Climate Change. State of Vermont. 
 
 
 
 
 
 
 

https://necsc.umass.edu/library/author/2405
https://necsc.umass.edu/library/author/2407
https://necsc.umass.edu/library/author/2409


 

46 
 

Promoting Resiliency in Long Island Estuaries 
Marci Bortman, Director of Conservation Programs, The Nature Conservancy, Long Island Chapter 
4/12/16 
 
 
Stewardship and management of Long Island estuaries to increase resiliency dramatically changed over 
the last four years. Based on the results of over a decade of traditional stewardship including large-scale 
restoration and on-going monitoring and research, we broadened our focus to invest in new and 
expanded approaches that reduce chronic degradation from nitrogen overloading and restore the 
quality of the underlying chemical and geophysical environments. We are also in the process of 
promoting, with limited intervention, the system’s own capacity to change and adapt from disturbance 
such as the creation of a new inlet. 
 
Conserving the Stage: Long Island Estuaries 
Estuaries are dynamic environments. They are defined as areas where fresh water and salt water meet 
and mix. In estuaries, there is constant movement of water and sediment in response to sea level 
fluctuations, currents, tides, wind, waves, and storms. As a result of these processes, the geophysical 
stage is also dynamic with sediments eroding and accreting at varying rates (from millimeters to meters 
per year). Salt water in estuaries creates moving physical and chemical gradients in the water column 
whereby the combination of temperature, pressure, salinity, and turbidity also influences the diversity 
and abundance of species and habitats along these gradients. In geologic terms, estuaries in areas once 
covered by glaciers are relatively ‘new’ (formed during the last 15,000 years) elements of the landscape 
and are considered ephemeral features as sea levels rise during the current inter-glacial period 
(Costanza et al. 1993).  
 
Estuaries are some of the most productive ecosystems in the world, typically due to high nutrients from 
land-based sources fueling primary production and a complex food web (Paerl 2006, Bricker et al. 2008, 
Hjort et al. 2015). Overall, estuaries support habitats that act as nurseries, breeding grounds, and refugia 
for a whole host of marine organisms.  Estuaries also provide food, jobs, and recreation for people. Of 
the 32 biggest cities in the world, 22 are located on estuaries (Ross 1995).  
 
Long Island, New York is surrounded by estuaries big and small. The island consists of two New York City 
boroughs (Queens and Brooklyn) and Suffolk and Nassau Counties. Of the approximately 7.75 million 
people, 2.8 million live in Nassau and Suffolk with a population density of about 1,815 and 618 people 
per square kilometer, respectively (US Census 2010).  
 
Human activities have led to habitat and species loss in Long Island estuaries, particularly declines in salt 
marsh, seagrass, and bivalve shellfish populations such as hard clams, bay scallops, and oysters (Figures 
1-3). Degradation of Long Island estuaries from inadequately managed human use is typical of most 
estuaries around the world where people live and is expected to worsen in the face of a changing 
climate (Bricker et al. 2003, Howarth and Marino 2006, Rabalais et al. 2009, Voss et al. 2013). Signs of 
this are already occurring as shown by recent findings linking coastal ocean acidification and 
eutrophication in the northeast and mid-Atlantic US (Baumann et al. 2012, Wallace et al. 2014, Gobler et 
al. 2014, and Wang 2015). For the last two decades, myriad restoration efforts on Long Island have 
focused on expanding acreage of seagrass and salt marsh and increasing populations of shellfish at a 
cost of millions of dollars. However, these interventions have resulted in only limited success.  
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Figure 1. Acres of seagrass loss. From NYSDEC 
Seagrass Taskforce Final Report (2010). 

Figure 2. New York State landings of shellfish 1980 - 2005. 

Figure 3. Marsh loss within Hempstead Bay, NY from 1926 – 2004 (2,750 ha which is approximately a 50% loss). 
Red is marshland area lost and green represents what remained in 2004. From Ciappetta (2012).  
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Improving Resiliency  
For reasons that will become clear, our conservation strategies have evolved to focus on 
restoring processes, improving the condition of the geophysical stage, enlisting people, and 
nurturing change in response to disturbances.    
 
Processes:  Phase I 
Bivalves are a key species in Long Island estuaries; hard clams and oysters are long-lived (25 plus years) 
and provide important ecosystem services such as food and filtration. They are foundation species that, 
when in abundance, help maintain the condition of the estuaries. They provide a positive influence on 
phytoplankton diversity and make areas more resistant to harmful algal blooms (Cerrato et al. 2004, 
Gobler et al. 2005). Bivalves regulate water clarity (one clam can filter up to 3.8 liters of water per hour), 
which in turn affects light transmission at depth, which is an important determinant for where seagrass 
habitat can grow. Bivalves also cycle nutrients and are an important food source for numerous finfish, 
birds, and macroinvertebrates.  
 
Oysters were historically abundant in Long Island estuaries but declined dramatically during the first half 
of the 20th century due to overfishing for food and use of oyster shell in the road-building and 
construction industry. This was followed by a period of significant development on Long Island that 
included physical changes to estuaries. For example, along with the housing boom, shorelines became 
developed and hardened with seawalls and bulkheads, inlets were maintained to stay open, and in some 
areas the benthos or bay bottom were dredged for navigational purposes and shellfish harvest. As 
oysters disappeared, hard clams became the dominant bivalve in Long Island estuaries. Hard clam 
commercial harvest grew and by the 1970s, over 50% of all hard clams eaten in the US were from Great 
South Bay, NY (LoBue 2010). Like oysters, inadequate fishery management resulted in overfishing of 
hard clams. Low numbers combined with decreasing water quality from ongoing urbanization in Long 
Island watersheds presented a hard clam restoration challenge.   
 
In 2002, The Nature Conservancy pursued large-scale hard clam restoration after acquiring over 5,400 
hectares of underwater land in Great South Bay from a private company that used the underwater 
property for aquaculture. The goal was to restore the geophysical stage and create conditions for self-
perpetuating ecological processes and to follow this with rigorous monitoring to evaluate restoration 
effectiveness and understand changes occurring in the estuary. For example, the bay bottom of the 
property had been regularly dredged to extract commercially harvestable hard clams and oysters. The 
dredging degraded the sediment and prevented seagrass from growing. Under The Nature Conservancy 
ownership, all dredging stopped and as a result we saw an expansion of seagrass habitat.    
 
In an effort to improve estuary conditions and jump-start a key ecological process The Nature 
Conservancy set a goal to increase hard clam populations in the estuary to a level adequate to support 
the key ecological processes provided by hard clams while supporting a sustainable commercial harvest 
in the bay... One hypothesis tested was that the depauperate population of hard clams resulted in poor 
spawning success and thus acted as a barrier for self-perpetuating populations of hard clams. In 
consultation with governmental resource managers, scientists, and commercial fishermen, and after 
completing bay-wide hard clam surveys, The Nature Conservancy set a goal to increase hard clams from 
existing conditions, which were less than 1 clam m-2, to a bay-wide average of 6 clams m-2 by 2020.   
 
The Nature Conservancy set up a network of over a 100 small (approximately 0.4 hectare) spawner 
sanctuaries where over 7 million clams were transplanted in close proximity to each other and 
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protected from fishing pressure. Monitoring factors consisted of the condition or spawning viability and 
survival of transplanted clams, recruitment of juveniles, predation, and independent research such as 
hard clam larval analyses and grazing studies on hard clam larvae (Perino et al. 2008, McNamara et al. 
2010, LoBue 2010).   
 
While restoration, which ramped up in earnest in 2004, showed a significant increase in juvenile clam 
abundance peaking at an over 4,000% increase in 2007, by 2008, harmful algal blooms (HABs) such as 
brown tides (Aureococcus anophagefferens), red tides (Alexandrium spp.), and rust tides (Cochlodinium 
polykrikoides) – poor food for hard clams – were appearing annually in the bays. HABS resulted in poor 
nutrition, slow growth, and high mortality of juvenile hard clams (LoBue 2010).  
 
Improving the Condition of the Stage  
In Great South Bay, a third of the population living in the watershed is served by a sewage treatment 
plant that has an ocean outfall; however, watershed modeling found the predominant source of 
nitrogen is from cesspools and septic systems serving the rest of the population. The effluent from the 
septic systems and cesspools percolates through the soils to the groundwater, which seeps to the bay 
and is the main source of fresh water to Great South Bay (Kinney and Valiela 2011). 
    
Harmful algal blooms (HABs) were occurring in other Long Island estuaries and were expanding in scope 
and levels of toxicity. Research on these HABS on Long Island revealed that increases in toxicity of HABs 
correlate with increases in nitrogen levels in the water (Davis et al. 2009). Note that prior to 1996, 
harmful algal blooms containing toxins such as saxitoxin, okadaic acid, and microcystin did not occur 
above levels considered harmful to both wildlife and human health in Long Island waters. Was a 
nitrogen threshold reached and this chemical degradation impeding resiliency?   
 
Excess reactive nitrogen, along with warming sea temperatures, was also a primary factor in the inability 
to restore seagrass, specifically eelgrass (Zostera marina) (Short et al. 2012). These findings were from 
research that The Nature Conservancy and the National Oceanic and Atmospheric Administration 
sponsored after unsuccessful eelgrass restoration in Great South Bay and the Peconic Estuary and noting 
the limited success of eelgrass restoration by others throughout southern New England and Long Island. 
At this same time, Deegan et al. (2012) published findings from a nine-year nitrogen enrichment 
experiment on salt marsh that showed significant marsh loss from nitrogen levels that are comparable 
to loadings found in many coastal systems. Degradation included a decrease in below-ground biomass of 
bank-stabilizing roots and an increase in microbial decomposition of organic matter. On Long Island, 
wetland scientists found in some areas where nitrogen loading is high, such as Accabonac Harbor, East 
Hampton, that salt marshes are not keeping pace with sea level rise (N. Maher, pers comm, 2016). 
Clearly strategic intervention is needed beyond species and habitat restoration to improve conditions 
caused by chemical degradation from excess nitrogen loading.   
 
Processes: Phase II – The Other Intervention Strategies 
As a result of these findings, The Nature Conservancy suspended eelgrass restoration efforts and 
depending on annual variability of HABS, modified the timing, location, and quantity of shellfish 
transplants in hard clam spawner sanctuaries, while also continuing hard clam monitoring (spawning, 
survival, and recruitment). With partners, the Conservancy expanded the number of salt marsh 
monitoring sites to assess condition and vulnerability, and developed intervention strategies that 
include: 1) acquisition or protection of parcels in future marsh migration zones; 2) removal of barriers to 
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marsh migration; and 3) elevation of marsh surfaces to add elevation capital and increase productivity.  
 
In direct response to nitrogen overloading concerns, The Nature Conservancy worked with partners to 
expanded modeling throughout Long Island to quantify land-based sources of nitrogen and assess 
sources (Figure 4).  The Nature Conservancy also created the Long Island Dissolved Oxygen Monitoring 
Partnership with Stony Brook University and the US Geological Survey (USGS) to continue and expand 
the use of state-of-the-art in situ sensor technology to better assess the scope and extent of degradation 
caused by nitrogen loading to estuaries (USGS hosts the National Water Information System: Web 
Interface, which is a publically accessible data platform (http://waterdata.usgs.gov/nwis)).  Equipment 
and monitoring protocols were approved by state and federal regulators in advance of this collaborative 
monitoring effort to ensure the data could be used for management purposes (i.e., assessing whether a 
waterbody is “impaired” pursuant to the Clean Water Act, which would trigger the need for agency 
action). 
 

 
 
 
 
 
Enlisting People 
Beyond restoration of species and habitats, and monitoring and modeling degradation and change, with 
partners, The Nature Conservancy embarked on a massive communication and advocacy campaign to 
increase target audience awareness about the problem of nitrogen pollution and motivate action. The 
target audience was elected and appointed officials, opinion leaders, and business leaders. Actions 
needed are the creation of a responsible management entity to oversee corrective actions, a master 
plan that integrates science and monitoring to develop nitrogen reduction targets, policy mandates and 
incentives, and sources of funding for implementation. We’ve become science advisors on the 
development of nitrogen reduction targets and experts in advanced wastewater technology (enhanced 
treatment units for individual homes and centralized sewage systems) and co-created an advocacy 
group called the Long Island Clean Water Partnership 
(http://www.longislandcleanwaterpartnership.org/).  

Figure 4. Land-based sources of nitrogen to Long Island estuaries.  

http://www.longislandcleanwaterpartnership.org/
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We are also engaged in voluntary buy-outs of homes that are vulnerable to flooding from sea level rise 
and that are also problematic because they have septic systems and cesspools which are inundated 
from rising sea levels and groundwater and thus are an immediate source of nitrogen pollution to Long 
Island estuaries. In Suffolk County alone there are over 15,000 homes along the coast with either 
cesspools or septic systems where the water table is less than 1.5 meters and over 45,000 homes with 
cesspools and septic systems where the water table is less than 3 meters (Figure 5).    

 

 
 
 
 
 
The Nature Conservancy also hired a media consultant to develop communication messages that would 
be used by elected and appointed officials, other environmental groups, and the media. We started with 
focus groups to test our assumptions about what Long Islanders wanted and needed to know and to get 
a qualitative assessment of Long Island views on water quality and their reactions to proposed actions to 
reduce nitrogen loading to the estuaries. We followed with polling Long Island voter attitudes on water 
quality, proposed actions to reduce nitrogen, “willingness to pay” to gauge price sensitivity, and tested 
actual messages that were considered the most convincing. Some of the poll results are summarized in 
Table 1. Given the population on Long Island, willingness to pay $17 per month per household has the 
potential to generate over $2 billion in 10 years to reduce nitrogen pollution in Long Island estuaries.   
 
  

Figure 5. Depth to ground water in Suffolk County. Adapted from USGS.  
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Table 1. An example of some of the poll results to test voter attitudes and messages about 
water quality. 

Poll Results 
68% found the description of the nitrogen pollution problem to be “concerning” or “very 
concerning” 
85% supported a comprehensive government response to fix the problem by mandating 
a restrictive nitrogen pollution standard 
74% support a $3 billion investment to fix nitrogen pollution  
There was a willingness to pay for actions at $17 per month for individual households 
 
Arguments used to invest in water quality actions % of respondents convinced 
Quality of life/Recreation 92 
Public health 89 
Comparative value (e.g., clean water is cheap compared 
to a gallon of milk) 

86 

Need to act now 81 
 
All these activities are part of a critical path we identified is needed to reduce degradation and improve 
resiliency. The critical path can be divided into three categories: 1) science, or the monitoring and 
research needed to fill information gaps, 2) stakeholder engagement of all levels of government, non-
governmental organizations, businesses, and local communities, and 3) government relations, which 
includes developing management and governance recommendations and advocacy to change laws and 
policies. The goal of the critical path is to take actions that reduce enough nitrogen to restore and 
maintain resilient estuaries that consist of complex food webs based on diverse phytoplankton 
assemblages (no HABS), and thriving shellfish, seagrass, and salt marshes. An essential component of 
the critical path is building in adaptive management based on measures of ecosystem response to gauge 
restoration and resiliency. To date, the result has been a commitment in 2015 to invest over $5 million 
by federal, state, and local governments to develop a plan to reduce excess reactive nitrogen and set 
ecological targets for Long Island estuaries.    
 
Promoting Resiliency by Nurturing Change from Disturbance 
In October 2012, Hurricane Sandy made landfall in the New York/New Jersey region, which resulted in 
massive damage to many Long Island coastal communities including their wastewater infrastructure. 
From a social and economic standpoint, the hurricane was a catastrophe that communities are still 
recovering from four years later. Important lessons learned about human risk and vulnerability living 
near the coast were revealed and rebuilding (some unwise) continues today and will likely continue for 
some years to come. While there was serious damage to the human-built environment, there were 
significant natural, physical changes that occurred from Hurricane Sandy, which resulted in important 
renewal and increased resiliency for the Long Island coastal systems hardest hit by the hurricane. 
Massive inundation from seawater occurred during the storm, with flooding following modeled 
predictions of a category 3 hurricane (see www.coastalresilience.org). The water from the storm surge 
eventually receded; however, large amounts of sediment moved, which altered the shoreline and 
created new habitat. For example, three breaches were created on the barrier island along the south 
Shore of Long Island. Two were manually closed by governmental agencies concerned over additional 
risk of flooding to homes. The third inlet was left open because it is in the federally designated 
wilderness area of the Fire Island National Seashore. Research and monitoring of the inlet revealed 
improved water quality and water clarity in Great South Bay from increased flushing and less intense 
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and shorter duration HABs (C. Gobler, pers comm). Anecdotal reports claim improved fishing. In an 
effort to promote resiliency, oyster re-seeding near the breach is underway by towns and partner 
groups. The Nature Conservancy created new hard clam spawner sanctuaries closer to the inlet and 
found improvements in transplanted clam growth and condition (Figure 6). In the coming year, The 
Nature Conservancy plans to re-seed bay scallops to newly emergent and recovering eelgrass beds near 
the inlet. The question remains whether the inlet will be kept open by The National Park Service. The 
agency is undertaking a study to evaluate whether to keep the inlet open and natural, leave it open but 
reserve the option to close it, or close it.  
 
 

 
 
 

 

 
 
 

Figure 6. Boxplots displaying hard clam condition index measures pre- and post-Hurricane 
Sandy. GSB_East is near the new inlet/GSB. 
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Case Study:  Managing Forests to Increase Resilience in Pennsylvania 
Scott Bearer, Senior Scientist and Forest Ecologist, The Nature Conservancy, Pennsylvania Chapter 

Introduction 

The Nature Conservancy’s Northeast Resilience Analysis  
 
The Nature Conservancy’s Northeast Resilience Analysis (Anderson et al. 2014) provides a 
useful framework for combining measures of environmental complexity with landscape 
connectedness to result in a spatial representation of site resilience.  These data can be used in a 
variety of ways, including identifying habitats that occur in vulnerable sites which might be at 
greater risk and require additional protections, or prioritizing conservation action in more 
resilient landscapes to preserve a diverse ‘stage’.  The Nature Conservancy (the Conservancy) 
adopted the latter approach in an effort to identify important core forest (Essential Forest blocks) 
and connectivity areas (Key Connectors) across the Central Appalachian ecoregion (Figure 1).  
Planners and managers then focused on these important core forest and connectivity areas to 
target protection and conservation 
actions.  For example, the 
Conservancy’s Pennsylvania 
Chapter used the Central 
Appalachian prioritization in their 
most recent Five-Year Plan to 
identify and target protection and 
conservation efforts along the 
Kittatinny Ridge and Endless 
Mountains Key Connectors 
(Figure 2).  This prioritization then 
led to a directed campaign to focus 
protection and conservation efforts 
along the critical Kittatinny 
corridor (nature.org/Kittatinny). 

Protecting priority areas from 
conversion to an unnatural land 
cover (whether by outright purchase, through a conservation easement, or some other form of 
protection) is critical to help maintain the long-term health, function, and processes of resilient 
landscapes.  However, while an easement or fee purchase of a property might prevent it from 
being converted or developed, it does not minimize the extent or severity of environmental 
stresses that system is currently facing, or will face in the future.  Even the most natural areas 
will remain under constant risk to a variety of stresses, including invasive pathogens, legacies 

Figure 1. The Central Appalachian Essential Forest and Key Connectors 
network. 
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from previous (mis-) management, and changes in climate.  These environmental stresses will 
certainly continue to threaten the future health and function of many of our Appalachian 
ecosystems.   

Yet because of the constant 
pressures and environmental stress 
placed on our ecosystems, a 
philosophical question is raised:  do 
we adopt a more hands-on 
approach and work to help maintain 
the health of the current ecosystem, 
realizing that in some cases we are 
not allowing the system to reach a 
state that it would naturally move 
towards otherwise; or do we adopt 
a more hands-off approach that will 
allow the ecosystem to move in the 
direction of its choosing, realizing 
that the results may not be as 

desirable from a human (or current habitat) perspective.  In this case study, we take a middle-of-
the-road approach and argue that some form of on-the-ground management will be necessary to 
help maintain the overall condition of the ‘stage’ (the soils, water, topography, and geomorphic 
processes), and limited interventions when needed to jump-start a biotic process like 
regeneration.  Forms of management can range from minimal stewardship and tending to more 
active silviculture and forest management, depending on long-term objectives.  Regardless of the 
approach, all management activities should work to increase the resilience of the site by 
providing options that spread risk, maintaining self-perpetuating processes, and nurturing biotic 
sources for renewal.   

In the context of forested ecosystems in the northeastern United States, the effects of traditional 
forms of management on a variety of forest communities are generally well understood, and have 
been documented and described over decades of forest and ecosystem research.  However, to 
manage these forests for resilience so that they can change in response to the climate while still 
maintaining diversity, productivity, and function in the context of increasingly diverse stressors, 
the specific types of management, and how management might vary from traditional approaches, 
is not well understood.  In this case study, we review the current theories on how to manage 
forests to be more resilient, and then describe a newly developed landscape-level partnership 
along the Kittatinny Ridge that is now implementing targeted, cross-boundary management with 
the goal of increasing the resilience of this critical migration corridor. 

Figure 2. Focal Key Connectors identified as priority sites in 
Pennsylvania TNC’s 5-Year Plan. 
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Current Theories on Maintaining Forest Resilience 
 
For a forested system to be fully resilient, we would expect it to naturally provide options that 
spread risk, maintain self-perpetuating processes, and nurture biotic sources for renewal in an 
adaptable, self-regulating way without any form of human intervention.  However, today’s 
forested systems often are in a degraded state, and require strategic management to reverse 
degradation, and reintroduce processes that will become self-perpetuating.  This case study aims 
to help forest managers determine what treatments and management options most effectively 
build resilience and maintain or restore diversity and productivity.  

The Science on Climate and Forest Health is Evolving:  

 Emerging research is beginning to provide an overview of the projected and observed changes 
experienced as a result of a changing climate on the temperate forests of the northeastern United 
States.   Evidence provided by multiple data sources confirms that climate change is underway in 
the northeastern United States (Rustad et al. 2012) and although there are large uncertainties and 
variation in the data,  general trends suggest the future will be warmer and wetter, but also  more 
prone to extremes such as drought or severe storms.  Future temperature increases suggest more 
winter rain and less snow, leading to higher winter flows, greater likelihood of ice-jamming 
floods, reduced summer streamflow, and longer periods of summer drought.  Generally, some of 
the possible changes we may expect to forested ecosystems from climate change include (Millar 
et al. 2007): 

1. Changes in temperature 
2. Less snow, more rain (increased winter flooding) 
3. Earlier snowmelt 
4. Lower summer stream flows 
5. Longer, warmer growing seasons 
6. Intense droughts 
7. Longer and more severe fire seasons 

Forests and aquatic systems are likely to respond to these changes with changes in their species 
composition and both increased and decreased productivity. Further, there may be an increase in 
the rate that forests encounter new pathogens and diseases. In the Central Appalachians, forests 
have been evolving and adapting for over 12,000 years.  Warming and cooling climate trends 
over thousands of years helped create the current mix of spruce/pine woodlands, oak hardwood 
and beech/maple hardwood forests found throughout this region.  Because  these temperate 
deciduous forests  evolved under a slowly changing climate, there is  concern they may have a 
difficult time adapting to the faster, less predictable rates of change that are becoming 
increasingly common (Mohan et al. 2009, Rustad et al. 2012, Yaussy et al. 2012).   

A changing climate could have a variety of influences on the plants, animals, and habitats 
associated with a forest ecosystem.   Landscape managers and planners should consider these 
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influences when planning management scenarios for a temperate forest.  Climate sensitive 
behaviors in plants include:  first leaf out in spring, flowering, senescence at the end of the 
growing season and arrival of fall color, plant productivity, dominance of particular plant species 
within a community, and extension of geographic ranges to more favorable climates.  Behaviors 
in animals that are related to the climate, and therefore can be affected by climate change, 
include: breeding, courtship, nesting and egg laying, seasonal migrations, life cycles (esp. 
insects, reptiles and amphibians)(Gibbs and Breisch 2001, Brooks 2004), emergence from 
hibernation, ability to achieve full torpor (Humphries et al. 2004), animal health and productivity 
(Renecker and Hudson 1986), and expansion of home range to more favorable climate conditions 
(Waite and Strickland 2006, Rahbek et al. 2007, Rodenhouse et al. 2009). It is not clear which of 
these behaviors and characteristics are elastic and could rapidly change, and which will require a 
longer time and higher mortality in order to evolve.   

Vulnerability and Resilience:   

While there is much uncertainty as to how these varying conditions might influence our forests, 
research is emerging to help us better understand how to adapt traditional silvicultural 
approaches in an effort to nurture resilience and diversity in forests.  New theories in non-
traditional silvicultural approaches are  being used to advance biological legacies that provide 
continuity and essential biotic material for adaptation (Franklin et al. 2002, 2007, Gronewold et 
al. 2012, Hanson et al. 2012, Aakala et al. 2013, Dumroese et al. 2015, Fassnacht et al. 2015), 
promote habitats for various species even as the composition changes (Bakermans et al. 2011, 
Wood et al. 2013, Audubon Vermont 2014, Audubon Pennsylvania 2015), or improve 
productivity and diversity in the face of a changing climate (Swanston and Janowiak 2012, 
Butler et al. 2015).  We believe many of these alternative silvicultural strategies share a common 
goal to increase resilience.   

 

To help address and better understand the uncertainty associated with management decisions, 
managers may rely on modeling scenarios and vulnerability assessments. Vulnerability 
assessments (Glick et al 2011) are designed to identify ecosystems or sites that might be 
particularly impacted by climate change because they are already degraded, offer few options for 
resident species, or have little to buffer them from climate effects. Thus they can help 
management determine where treatments to increase resilience might have the greatest impact 
and how to allocate scarce resources (Glick et al. 2011).  Once data from these assessments are 

Low Sensitivity High Sensitivity

Low Value Limited resource commitment Observe change

High Value Refugia Priority

Table 1. A basic vulnerability assessment based on values and sensitivity. 
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weighed and tradeoffs of management options evaluated, management decisions will typically 
attempt to be as robust as possible, striving to accomplish a series of objectives across a range of 
impact projections. 

Vulnerability assessments and managing for resilience are complementary strategies but they differ in 
their targets (ecosystems versus sites) and in how they treat uncertainty. Vulnerability to climate change is 
defined as the degree to which an ecological community is likely to experience harm as a result of 
changes in climate (Schneider et al. 2007). Vulnerability assessments start with the logical premise that 
adaptation requires an understanding of how climate change may impact a given biological system so that 
appropriate management strategies can be identified. However, critics have argued that the assumption 
that we can predict the future climate and measure ”exposure” is so fraught with uncertainty that when 
used responsibly the number of potential climates and potential responses of the biota becomes 
overwhelming. (Glick et al. 2011 categorized them into: limited or unreliable data, non-climate stressors, 
and interactions among climate elements, interactions among species, unknown thresholds, ambiguous 
concepts, scientific disagreement, and unknown human responses). This perspective was supported by 
Pearson et al. (2006) who demonstrated that in just one element of the assessment, the climate-based 
species range predictions, when tested carefully to account for uncertainty showed predicted changes in 
range size differing in both magnitude and direction - from 92% loss to 322% gain – even where they had 
substantial data. Never-the-less vulnerability assessments can provide an underpinning for differentiating 
between species and systems likely to decline and those likely to thrive, and are not in themselves 
designed to dictate adaptation strategies and management responses, that could range from:  (1) building 
resistance; (2) enhancing resilience; and (3) anticipating and facilitating ecological transitions that reflect 
the changing environmental conditions. 

Managing for resilience starts with the premise that there are many possible future climates and that we 
should develop conservation strategies designed to sustain diversity and productivity in a world of 
uncertainty, change, and extremes.  Ecosystems are naturally dynamic and will invariably change and 
adapt to in response to the climate, and managers can guide and strengthen this process by focusing on 
strategies that increase resilience: preventing degradation, restoring disrupted processes, connecting 
fragmented patches, and increasing options for species. The approach is not hands-off, but it aims to 
direct natural processes using limit interventions so that the system does not become dependent on 
perpetual management or become out- of-balance with its actual climate and environment. The major 
argument against this approach is that if we focus on conserving-the-stage and let natural dynamics occur 
we may end up losing the species that we care about or the ecosystems will evolve into novel systems that 
are less valuable than the current ones.   This is indeed possible, because of the uncertainty of the future; 
however the strategies described here are designed to make that less likely.  

Forest Management for Resilience:  

A time-tested strategy for dealing with uncertainty is to increase options and spread risk so that 
in the event of a disaster there are always back-up systems or pockets of unharmed material from 
which recovery can begin. In the context of forest management these can be boiled down to 
treatments that increase diversity across different targets and scales:  1) species diversity, 2) 
structural diversity, 3) age-class diversity, and 4) landscape-level diversity (gap-dynamics).  
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More specifically, every effort should be made to increase species diversity, especially native 
tree species diversity in forested systems.  Plan to promote underrepresented species (especially 
those projected to do well in future climate scenarios (Butler et al. 2015)), promote an increased 
hardwoods component in primarily conifer forests, and similarly promote conifers species in 
hardwood forests.  Non-native and invasive species are the exception, and should be eradicated 
and removed as efficiently as possible.  Increasing structural diversity through forest 
management can be achieved by promoting vertical strata in the stand, leaving snags, den trees, 
and tree tops after a harvest, and encouraging habitat via snag and coarse woody debris 
development.  Increasing age-class diversity requires managing portions of the forested 
landscape for a healthy early-successional (stand initiation stage), mid-successional (stem 
exclusion stage), late-successional (understory reinitiation stage), and old-growth forest stage 
(Oliver and Larson 1996).  Planning for a variety of age classes across the landscape requires 
essential long-term planning, including reserving portions of the forest to be managed for a 
healthy old-growth stage which increase cool microclimates available for species (Frey et al. 
2016).  While natural old-growth forests may take centuries to achieve and will require 
significant tending and management (e.g., monitoring invasive species and overall forest health), 
the attributes associated with a healthy old-growth stage can be accelerated via active 
management (Franklin et al. 2002, 2007, Lindenmayer et al. 2006, Hanson et al. 2012, Fassnacht 
et al. 2015).  Increasing landscape-level diversity similarly requires long term planning to 
identify locations of where/ when management should occur.  Planning management across the 
landscape also requires attention be given to regional datasets and surrounding neighbors’ lands, 
goals, and objectives.  Using this information, areas that are important for habitat connectivity, 
streamside buffers, and locations for late-successional and old-growth stages can be mapped and 
planned.  Natural gap dynamics can also be introduced throughout the forest in a way that 
mimics natural disturbance and maintains ecosystem health. 

Collaborations Across the Landscape Help Develop Resolutions:   

Traditional forest management has typically occurred at the stand or multi-stand level.  Given the 
economic, logistical, and technological limitations of conducting on-the-ground management, 
this will likely continue.  However, there are increased risks related to the long-term health of 
forested systems if we continue to plan and manage at the stand or multi-stand level.  The 
scientific literature suggests that small isolated forest stands tend to lose species richness and 
abundance across all taxa and compromise their ecosystem service benefits (Haddad et al 2016).  

1. resilience is considered weakened in a fragmented landscape and stronger in a contiguous 
setting, 

2. risk to species and habitats will be greater in low diversity ecosystems,  
3. disturbances will destabilize static ecosystems with low resilience, 
4. isolated fragments of habitat may not easily adapt or be very resilient, and 
5. Smaller patches of habitat may have less species and genetic diversity and will not be as 

resilient. 
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In an effort to promote a landscape that is more resilient, management units should be considered 
part of a larger, regional landscape.  Planning and coordinating various management activities 
across boundaries will therefore be increasingly important.  In reviewing the various the aspects 
of how the forest ecosystem and surrounding ownerships will influence management that works 
to enhance resilience and adaptation, it is important to note that many general lessons have 
emerged that may be helpful to consider when reviewing and planning resiliency management 
strategies (Millar et al. 2007): 

1. the basic principles of ecosystem management still remain valid, 
2. current management practices and priorities can be used and modified using new 

information and emerging technologies, 
3. it is critical to manage for desired processes and ecosystem services, 
4. structural diversity, including management of coarse-woody debris, should typically be 

the goal after any management scenario, 
5. managers must emphasize landscape scale, and include all lands (including 

public/private; state/central government ownerships), 
6. managers must emphasize collaborations with a variety of stakeholders from different 

backgrounds, and 
7. A big challenge is incorporating new effects resulting from climate change into resource 

management and planning. 
In an effort to overcome many of these challenges and begin to plan and manage Pennsylvania’s 
forests to be more adaptive and resilient, The Nature Conservancy in Pennsylvania helped 
develop a partnership along the Kittatinny Ridge in southcentral Pennsylvania, known as the 
Central Kittatinny Working Landscape. 

The Central Kittatinny Working Landscape: A Pilot Partnership that 
Manages for Resilience at the Landscape-Level 
 
Geography: 

This collaborative partnership is part of the Conservancy’s continued efforts to encourage more 
climate adaptive forests across the Central Appalachians and the Kittatinny Ridge. The 
Appalachian Mountains have been identified as one of the most resilient landscapes in the United 
States (Anderson and Ferree 2010, Anderson et al. 2012, 2014).  Across the Appalachians, the 
Kittatinny Ridge is one of the most important migration corridors and the primary connection 
pathway between the southern Blue Ridge & Allegheny Mountains (VA, WV) and the Pocono 
(PA) & Catskill Mountains (NY) (Map 1).  As part of an ongoing partnership with public 
agencies, NGOs, and private landowners, we have identified the Central Kittatinny region of the 
Kittatinny Ridge in southcentral Pennsylvania as the ideal place to develop a landscape-level, on-
the-ground management approach that works to enhance ecosystem resilience & response and 
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promote a more connected adaptive landscape.  

The 325 square mile Central Kittatinny landscape is a high priority for many partners as it is the 
second largest roadless area in Pennsylvania (Wang et al. 2009), and contains interior forest 
habitats, including mixed-oak hardwood, dry-oak heath, oak-pine and northern hardwood forest 
community types primarily in early and mid-succession.  Ownership is divided between State 
Game Lands, Forests, and Parks; a portion of the Appalachian Trail, Fort Indiantown Gap 
National Guard Training Center, and numerous private forestlands (Map 2).  Management goals 
and objectives are similarly varied, and include wildlife habitat, forest conservation, timber 
production, and family forest management goals.  The Central Kittatinny landscape was chosen 
because it is a critical connectivity area in the northeastern United States identified by the 
Northeast Terrestrial Resilience effort (Anderson et al. 2012) and a subsequent prioritization by 
the Conservancy (Anderson et al. 2014) (Maps 3-4), it is a target landscape for the $8M NRCS-
RCPP Cerulean warbler effort (Natural Resource Conservation Service 2015), and is the focus of 
the Kittatinny Ridge protection and conservation initiative (The Kittatinny Coalition 2015).  The 
complex public and private ownerships (common throughout the Appalachians) present an ideal 
landscape for developing cross-boundary collaborations and promoting true landscape-level 
adaptation planning and implementation.  In addition, the landscape serves as a model landscape 
to identify ways to replicate novel adaptation-based forest management solutions in other 
Appalachian regions and will provide a foundation for communication and outreach efforts. 

Within the Central Kittatinny landscape, we identified a candidate list of resiliency-management 
areas using partner management plans, expertise of skilled personnel, and Natural Heritage data 
where managing for adaptation is most likely to result in the most resilient, resistant, responsive, 
and diverse landscape (in species, structure, age-class, landscape pattern).  The list of 
management sites is being further refined using LiDAR/Landsat analysis and by hosing a Forest 
Adaptation Planning workshop (January 2016) with the US Forest Service Northern Institute of 
Applied Climate Science, which has given us a core set of 15-30 priority sites where we will 
focus implementation of our Adaptation Management Guidelines to help us achieve our project 
goal of enhancing landscape connectivity and increasing adaptive capacity of species and 
systems within this critical migratory corridor.  

Partnership Goals: 
 
The goal of this landscape-level collaborative partnership is to develop, implement and expand 
the role of adaptation-based forest management guidelines that promote the long-term health and 
climate adaptation of Appalachian forests (hereafter, Adaptation Management Guidelines, or 
Guidelines).  Specifically, our project will: 1) conduct a repeatable landscape-level assessment of 
the entire Central Kittatinny (public and private lands) using LiDAR and Landsat data; 2) 
integrate the Adaptation Management Guidelines for Appalachian mixed-oak, oak-pine and 
northern hardwood forests into agency plans so practitioners can use it as a guide to determine 
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best silvicultural strategies both at the stand and across the landscape; 3) implement Guidelines 
across boundaries in prioritized areas as part of a multi-partner collaboration in the targeted 
Central Kittatinny landscape, treating at least 5K acres for resistance, resilience and long-term 
health; 4) use this project as a demonstration site for multi-partner climate adaption projects; and 
5) establish a mechanism to promote collaboration among the major public land management 
agencies and private forest landowners to achieve stand and landscape-level resilience in 
Pennsylvania and across the Appalachians. 

This is Not ‘Business as Usual’ Forest Management:   

By combining emerging research in climate science and vulnerability assessments with 
developing perspectives in non-traditional, ecologically-based forest management (Lindenmayer 
et al. 2006, 2012, Fischer and Lindenmayer 2007, Franklin et al. 2007, Peuttmann et al. 2009) 
and landscape ecology (Bennett 2003, Beier 2006, Beier and Brost 2010, Baguette et al. 2013), 
our Adaptation Management Guidelines work to provide a meaningful alternative to the 
traditional silviculture commonly practiced throughout the Appalachians.  The Guidelines focus 
on managing for dynamic ecosystem processes, providing options that spread risk, maintaining 
ecosystem and landscape function, enhancing connectivity across the landscape, and supporting 
the ability of the species within the system to adapt to new conditions.  More specifically, the 
Guidelines outline options for climate adaptation at both the landscape-level (e.g., 
maintaining/restoring connectivity, expanding protected areas, protecting forest/freshwater 
ecological function, and promoting a diversity of age-classes) and stand-level (e.g., using 
prescribed fire to promote fire-adapted species and reduce risk of catastrophic fire; using 
herbicide to reduce competition for resources by invasives; promoting species expected to fare 
well in future conditions [e.g., oaks, hickories, pines] based on vulnerability, current condition, 
and representation; promoting structural diversity [e.g., snags and coarse-woody debris]; and 
encouraging the use of non-traditional silvicultural approaches [e.g., enhanced crop-tree release, 
expanding-gap selection, reserve shelterwood harvests (Bearer et al. 2015)]).   

Focusing on implementation, the pilot application of the Adaptation Management Guidelines 
within the Central Kittatinny gives cooperating public agencies (Key Partners) the opportunity to 
field test climate adaptation actions that can be incorporated into agency planning and 
management processes and applied elsewhere in Pennsylvania and the Appalachians.  Potential 
silvicultural prescriptions will be prioritized based on potential to: 1) improve stand-level 
adaptation and address specific climate impacts; 2) improve landscape-level connectivity; 3) 
maintain and promote terrestrial and freshwater ecosystem function; 4) and enhance current 
condition, feasibility, cost, and urgency (Cross et al. 2012).  Pre-treatment evaluation of current 
condition on both public and private lands are being completed using remotely-sensed (e.g., 
LiDAR & Landsat) and field-collected (e.g., forest inventory) data.  Using inputs such as 
landscape context, current forest type (dry oak-heath, oak-pine, northern hardwoods) and current 
forest condition (healthy or degraded), the Guidelines can recommend a coordinated application 
of various treatments that may include a combination of herbicide, prescribed fire, Timber-Stand 
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Improvements (TSI), fencing, and underplanting of local native species (Table 2).  Pre- and post-
treatment vegetation-, photo-, avian- and invasive-monitoring and observations will determine 
whether treatments are achieving their primary goal of enhancing stand- and landscape-level 
climate adaptation, especially related to species, successional and structural diversity as well as 
enhancing connectivity.  Recommended treatments may be modified based on monitoring 
results. 

 

Our project will use results of LiDAR/Landsat assessments, agency management plans, and the 
NIACS workshop to identify 15-30 priority sites where we can focus implementation.  While we 
have identified a list of candidate sites, we have not yet identified the priority sites where 
management will be piloted.  From the candidate sites, we can provide some general examples of 
what recommendations might include. 

Example 1:  The LiDAR/Landsat assessment helps identify a network of stands totaling 550 
acres across collaborator boundaries that is important for local connectivity and is currently a 
degraded, mid-successional, dry oak/mixed hardwood forest.  If no management occurred, the 
forest would remain stagnated in a degraded, mid-succession state with an increasingly thick root 
mat of ericaceous shrubs and fern, hindering forest regeneration, and increasing the likelihood of 
catastrophic wildfire in the future.  Applying our Guidelines, we will promote native oak/pine 
regeneration using a mosaic of prescribed fire across ownership boundaries (islands of no-burn, 
encourage partnership development and minimize need for additional firebreaks), use herbicide 
in areas to eliminate invasives and fern, and underplant native species of dry pines.   

Example 2:  The USFS NIACS Workshop along with expert input identifies one area totaling 
370 acres on State Gamelands that is critical for ecosystem function because it has high 
landscape complexity (diverse aspects and topographic relief), and is currently a healthy but 
homogenous, mid-successional, mixed-oak forest.  If traditional management continues, a 
healthy, homogenous forest can likely be maintained.  However, we can encourage diversity 
(structural, age, species) and introduce a mosaic of age-classes across this site.  We begin 
employing an expanding-gap silvicultural TSI approach that introduces several >3 acre canopy 
gaps to promote oak regeneration, retaining legacy trees to eventually create coarse-woody 

Use single-tree selection with additional use of targeted gaps 
and seed trees to maintain or enhance species diversity (e.g. 
midtolerant species) and age-class diversity.

Use >3 acre group selection or shelterwood harvests to increase 
oak components in areas where natural regeneration is present.

Where opportunities exist, promote oak & hickory species, and 
other desirable species that have lower risk of declining as a 
result of climate change.
Look for opportunities to reserve high-quality stands of hemlock 
on less vulnerable sites to serve as refugia for that species.

Maintain no-harvest reserve area with management targeted 
toward invasive species removal and encouraging natural shade-
tolerant regeneration.

Table 2. Examples of targeted silvicultural approaches 
developed in our Adaptation Mgmt. Guidelines 
document for the Oak-Mixed Hardwood forest 
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debris, girdling red maples (5 per acre) and oak (3 per acre) to create snags, and herbiciding the 
Japanese barberry expanding in one cove.  We also reserve (with buffer) several high-quality 
hemlock stands along streams, but underplant spruce and white pines to provide structure as 
hemlocks succumb to Hemlock-Woolly Adelgid. 

Through the development and implementation of the Guidelines, this project will demonstrate 
how new silvicultural practices can be implemented to improve stand- and landscape-level 
climate adaptation and connectivity. Key Partners are already helping to align landscape 
initiatives and coordinate outreach opportunities in the Central Kittatinny.  For example, we are 
coordinating with NRCS and Appalachian Mountain Joint Venture (Natural Resource 
Conservation Service 2015) on their $8M RCPP initiative that is funding private landowners to 
enhance habitats for cerulean warblers.  Landowners who implement our Guidelines may be 
eligible to participate in the Conservancy’s Working Woodlands program (Public Radio 
International 2013, Parrish and Eckley 2015) which can enable them to receive additional 
streams of income from the sale of certified forest products and carbon credits. We are also a key 
partner to the Central Appalachian and Mid-Atlantic Climate Change Response Framework 
projects, which use workshops, case studies, and other outreach materials to communicate 
adaptation efforts to regional landscape partners.  Our hope is that this project will be a 
meaningful demonstration site for this effort. 

Accomplishments to Date: 
 
The collaboration officially launched with a partnership meeting that included all public agencies 
involved in September 2014.  This meeting provided an overview of the concept, and led to a 
follow-up meeting in December 2014.  At the December meeting, agency personnel discussed 
potential landscapes in Pennsylvania where the approach to planning and on-the-ground 
management was advanced but remained flexible.  Initially, four landscapes (2 Key Connectors, 
2 Essential Forest blocks) were discussed as possible places to begin a landscape level 
collaboration.  However, given the number of partners and the amount of active, yet flexible, 
management already occurring in the Central Kittatinny landscape, we decided at that initial 
meeting that we would focus the pilot effort here. 
 
In June 2015, we reconvened the group with a field tour of the landscape.  Partners from the 
collaborating agencies caravanned in two vans to look at areas they believed were higher priority 
areas (with higher sensitivities and higher values) where managers could initiate a management 
approach that focused on enhancing diversity, complexity, and resilience.  However, many 
questions remained as to what exactly should be the targeted goals of management in these 
priority areas. 
 
Using this information, the partnership developed a proposal for funding and submitted it the 
Wildlife Conservation Society’s Climate Adaptation Fund in July 2015.  Funding would be used 
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to target management in areas where the projected costs were significant and current agency 
funds were not adequate to properly address the issues (and where a changing climate would 
have an enhanced effect), such as treating invasive species in several riparian zones.   
 
To help address what habitats and communities might be at greatest risk to a changing climate, 
the partnership hosted a two-day Forest Adaptation Planning workshop led by the US Forest 
Service’s NIACS team in January 2016.  At the workshop, each participating agency and NGO 
(Audubon Society, Appalachian Trail Conservancy) discussed their priorities and how a 
changing climate might affect some of their management actions.  Results from this workshop 
are being used to further refine the areas where resiliency management approaches will be used. 
 
In addition to the results of the Forest Adaptation Planning workshop being used to help 
determine the range of possible options and priorities for management, we are currently 
conducting LiDAR assessments to provide a representation of current condition across the entire 
landscape (both public and private lands).  An initial assessment was completed in February 
2016, but additional data from partner agencies is currently being used to enhance the 
interpretation of the data.  Also, we are currently working with the Landscape Fire and Resource 
Management Planning Tools Project (also known as LANDFIRE) to apply their models to 
identify historical ranges of variability and how far departed our current forests are from those 
ranges.  Collaboration with the LANDFIRE team is ongoing, and we plan on assisting them as 
they enhance their eastern forest models in July 2016.  Results from the analysis will be 
integrated into the priorities for management within the Central Kittatinny partnership. 

In February 2016, a subset of partners met to discuss potential projects within the Swatara State 
Park region of the landscape.  At this meeting, partners decided that it was most critical to focus 
on treating the invasive species along the streamside and riparian corridors.  Funding continues 
to be an issue for managing invasive species.  However, a targeted approach to focus limited 
resources on the highest priority areas where a measureable response can be achieved has proven 
effective.  Treatments will continue through the summer/fall of 2016, and we will be discussing 
the outcomes at the next partnership meeting in August 2016. 

In March 2016, The Nature Conservancy met with silviculturalists from the U.S. Forest Service 
Northern Research Station and Allegheny National Forest to review the Adaptation Management 
Guidelines silvicultural document.  Insights from this meeting were incorporated into the final 
draft of the Guidelines document, which was completed in April 2016. 
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Lessons Learned: 
 
While we are only in the second year of the Central Kittatinny Working Landscape partnership, 
we have learned a few things about establishing multi-partner collaborations and what it might 
take to integrate a landscape-level approach into the management actions of agencies already 
doing good work.  A few of those lessons learned are summarized here: 
 

1. Public management agencies are already doing good work to address the most immediate 
forest health and regeneration issues.  As we encourage them to promote management 
activities that provide options to spread risk, maintain self-perpetuating processes, and 
nurture biotic sources for renewal, we find that many of their management activities are 
already doing this. 

2. However, there remains a risk to assume that current management approaches are good 
enough to encourage a resilient system in the future, and that managers don’t need to do 
anything additional or adapt their current actions to account for the emerging 
threats/challenges.  We believe this attitude may be particularly true in oak systems, 
where prescribed fire is already occurring and may be an important management tool to 
promote healthy forests into the future.  While it’s true that prescribed fire can help 
maintain healthy or restore degraded oak forests, there are a variety of additional 
approaches that may provide options to spread risk, work to maintain self-perpetuating 
processes, and nurture biotic sources for renewal.  Planners within the agencies need to 
emphasize additional management options that enhance resilience and may be different 
from traditional approaches. 

3. Collaborations are essential to provide for a true, landscape-level approach.  By working 
collaboratively across boundaries, meaningful prioritizations can be made across a 
landscape, limited resources can be shared, and an effort can be made to maintain species 
diversity, structural diversity, age-class diversity and landscape-level diversity. 

4. That said, landscape-level collaborations are difficult because each agency and NGO has 
its own mission, goals, and objectives.  These facets of the partnership need to be 
identified early, reminded often, and incorporated into the partnership planning process. 

5. With all the emerging threats and stresses on our forests, managing for a changing 
climate, per se, is very low on most managers’ lists.  Expected changes are very slow and 
it remains difficult to plan for and know how to manage around.  The theoretical—
management link between more direct, short-term stressors and climate change need to 
be more carefully drawn and made more apparent. 

6. Skepticism remains:  When determining what management approaches to use to address 
short-term health/regeneration issues or long-term climate-related issues, it continues to 
be much easier to deal with the more immediate short-term forest health issues.  This is 
especially true when collaborators might be skeptical that either 1) the climate is 
changing, 2) it will have any observable effect in the coming decades, or 3) that there is 
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anything we should do to address it.   Certainly, a healthy skepticism should be welcome 
in science and planners/managers should remain open to the critique to weigh options 
accordingly.  However, a comprehensive denial of trends in data or evidence from the 
scientific literature should be discouraged. 

7. As we might be entering a new phase in forest health issues, it remains critical to use the 
Adaptive Management approach to identify actions that had beneficial outcomes and 
those that didn’t.  It is also important to look at recoveries after any natural disturbance.  
Did the systems’ response make sense?  If not, why not?  Are you beginning to identify 
or measure a climate-induced trend?  Lessons will continue to be learned and need to be 
shared across the partnership. 
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APPENDIX:  MAPS 

 

Map 1.  The St. Anthony’s Wilderness landscape in the context of the Central Appalachian 
Prioritization of Resilient Sites conducted by the Conservancy(Anderson et al. 2014). 
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Map 2.  The mosaic of public ownership within the St. Anthony’s Wilderness landscape. 
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Map 3.  The St. Anthony’s Wilderness landscape in the context of the large forest patches 
(>1,000 acres) of southern Pennsylvania based on the Conservancy’s Core Forest Block 
Analysis. 
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Map 4.  The St. Anthony’s Wilderness landscape in the context of the regional resilience results 
of the Conservancy’s Northeast Terrestrial Resiliency effort(Anderson et al. 2012). 
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Resources and Tools 
 
Northern Institute of Applied Climate Science (NIACS) Climate Change Response 
Framework.  An excellent collection of resources. The document “Forest adaptation resources: 
Climate change tools and approaches for land managers” has practical suggestions for forest 
managers. http://www.nrs.fs.fed.us/pubs/gtr/gtr_nrs87.pdf 
http://www.forestadaptation.org/ 
 
Wildlife Conservation Society Climate Adaptation Fund.  This organization has funded a 
number of creative grants testing or applying new approaches to adaption and they have 
summarized their findings here:  file:///C:/Users/manderson/Downloads/StateofCAFV.pdf.   
WCS also offers a free two-day workshop called Climate Adaptation for Conservation Training 
& Coaching Session. More information here:   
 http://programs.wcs.org/northamerica/ClimateAdaptationFund/tabid/4813/Default.aspx 
  
The Nature Conservancy Climate Resilience (Conservation Gateway): Reports, results and 
data for the Northeast, Southeast and Pacific Northwest resilient sites assessments. There are also 
links to papers, tools and other resources.  
http://www.conservationgateway.org/ConservationByGeography/NorthAmerica/UnitedStates/ed
c/reportsdata/climate/Pages/default.aspx 
 
Resilient Land Mapping Tool:  A web tool that allows users to zoom in anywhere in the 
eastern US and Canada and see scores for resilience, connectedness, landscape diversity, and 
overlay them on satellite images, landform models or topographic maps.  You may also import 
or draw tracts of land and calculate the scores. http://maps.tnc.org/resilientland/ 
  
National Climate Change and Wildlife Center: This USGS site collects all the projects and 
tools generated by the regional climate science centers, and gives updates on recent projects.      
https://nccwsc.usgs.gov/ 
 
Climate Change Vulnerability Index:  Vulnerability ranks of individual species and some 
communities based on expert opinion on a standard list of attributes.  Created by NatureServe 
http://www.natureserve.org/conservation-tools/climate-change-vulnerability-index 
  
Climate Wizard:  A user friendly tool for exploring projections for temperature and 
precipitation in North America, using several different emissions scenarios and general 
circulation models.  http://www.climatewizard.org/ 
 
San Francisco Estuary Institute’s Resilient Landscape Program:   The Institute produced a 
thoughtful and well laid out Landscape Resilience framework that contains many of the key 
resilience element. http://resilientsv.sfei.org/content/landscape-resilience-framework 
 
Coastal Resilience: A interactive website to address the  increasing threats due to sea level rise 
and storms by bringing science and action together where nature is part of the solution to reduce 
risk.  http://coastalresilience.org/ 
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