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Presenter
Presentation Notes
Thanks for having me today. A lot of what I’ll talk about today won’t necessarily be new to everyone, but some of it might. Quite honestly, the point of this presentation isn’t to present entirely novel or groundbreaking ideas, but rather to aggregate what we know into a functional framework for restoration as whole…not just with respect to the NRDAR program. We’re constantly cross-pollinating among sectors, among specialties, among fields, and so on. We need to find a way to improve the restoration process through time, both in terms of efficiency AND effectiveness….



Presenter
Presentation Notes
I told you we would start with a “succinct yet holistic” model to avoid pitfalls in restoration, didn’t I? So let’s dive in…Clear as mud, right? Don’t worry, over the next 40 minutes, or so, we’ll break it down. I’ll spend most of this time talking about that central portion…the “RIG-AIM” portion…with a couple of excursions into the less central portions of the model.
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Presentation Notes
Alright, let’s just trim the fat, and focus on bare bones simplicity for now. Then we can build it back up later for holism.We’ll largely focus on a paradigm for individual restoration projects. Starting with the initiation phase. This phase consists of….Then we’ll move onto the execution phase where we….Next is the verification phase, where we evaluate our desired versus expected outcomes. Basically an assessment along a spectrum of success.Finally we look to improve by disseminating our results and sharing with others to learn from our successes (AND FAILURES). This phase goes beyond the individual restoration project and actually seeks to improve understanding of restoration so we can more efficiently and effectively restore streams in the future.



 

 

 

 

 

 

R-words—Define language & expectations 
Major Foci Implied Target End-state 

Contaminant Ecosystem 
Activity Management Recovery Stabilization Pre-existing Alternate 

Remediation X 
(removal, treatment) 

---------------------------X--------------------------

Reclamation X 
(treatment, containment) 

X -----------------------------------------X----------

Rehabilitation X 
(function, services) 

-------------X---------------------------------------

Restoration X X 
(ecological) (structure + function) (min. disturbance) 

Restoration 
(common-use) 

--------------------------------------------X-------------------------------------- --------------X---------------------------------------

&Terminology consistent with: 
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Presentation Notes
Let’s start breaking down that model I showed you. The first step is establishing a common language for each project you’re involved with. Rather than just show you a bunch of definitions, here’s a table that can help us visualize important contrasts and comparisons:RemediationCleanup focus, removal of contaminantsReclamationBroad term, implies endpoint that varies from prior conditions (baseline or reference) or an alternate state, focused on achieving stability (physical & chemical) and revegetation (not necessarily native)Rehabilitationfocus on returning to some pre-existing state, relative to ecosystem services and functionsRehabilitationfocus on returning to some pre-existing state, relative to ecosystem services and functionsRestoration (ecological)Implies pre-existing state endpoint, focus on assisting trajectory of ecosystem recovery,  includes both structure and functional metrics Restoration (connotation)Often used as a lump term for the above.As most of you know already, and as this table illustrates, a lot of these definitions are quite ambiguous with a lot of overlap. As many of us have experienced, these definitions and their connotations can mean varying things to different audiences, and they may even depend on the legislation we’re working under for a given project. To add to the confusion, I could throw in the terms “Mitigation”, “construction”, and “reconstruction”, but I’ll try to save those complications for another day. The moral of the story here, is that we have to establish this common language for EACH PROJECT EVERY TIME.Today, I’ll be largely using the term “restoration” as it’s commonly used rather than in a strictly ecological sense. I’ll try and say “ecological restoration” when I’m talking about that subset of restoration.



 

      

R-words—Define language & expectations 

Ecological 
Remediation Reclamation Rehabilitation Restoration 

Photo: CA Dept of Fish and Wildlife 
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Presentation Notes
We can often look at an R-word action and assign the proper name. Sometimes it’s pretty clear what is happening like the soil remediation on the left, the slope-bank reclamation on left-center using non-native groundcover, a stream rehabilitation that used non-native black alder as a substitute for native Appalachian hardwoods, and more of a traditional “ecological restoration” stream project that was focused on in-stream actions but that prepared the seed bed in the riparian for recruitment of native hardwoods.(Potentially nix)



 

 
 

R-words—Quiz time! 
15 Year-old Hardwood Stand ~2 Year-old American Chestnut 

(Planting) (Planting) 
Reclamation, Restoration, or Rehabilitation? 

Other? None of the above? 

50 Year-old Hardwood Forest ~55 Year-old Black Walnut 
(Succession) (Planting) 

Fuzzy definitions with LOTS of overlap!!! Photo: Vic Davis Photo: R. Rathfon 
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SO, let’s go back to class. We’re going to take a little quiz….Would you call this a reclamation, restoration, or rehabilitations site? Don’t worry, I don’t expect you to answer, just look at the areas in the photo and answer to yourself.Oddly enough, a lot more of this photo has been subjected to surface mining than it looks like. In fact, there are some 50 year old trees on this site (bottom left of the photo array). Some sites on this mine were not compacted by grading as is the historical way of dealing with re-contouring in appalachia—that is, the mine spoil on site was loosely dumped—we see the results of colonizing native hardwoods and subsequent succession in that photo. I’d say that is pretty similar to passive restoration.These other three photos aren’t from the same mine, but all are on loosely-graded mine spoil and were subjected to some form of “active r-word” treatment. We see some plantings of native hardwoods that are doing pretty well. These include a couple of pretty massive black walnuts, and some young American chestnuts. The chestnut here is a back-cross, but I was part of a field trial project that is testing transgenic chestnuts for survival and growth. The point is, that there’s a lot of overlap and fuzziness associated with these R-words. And even on some areas where it would be more typical to perform simple stabilization/contaminant management style reclamation we will see more “restorative” type actions



R-words—Conflict ± confusion = consequences 

Presenter
Presentation Notes
The reason this common language of R-words matters is that there are consequences to any confusion or conflicting ideas among restoration partners.In an extreme scenario, one party might be expecting something like this first picture on the left, but end up with one of the scenarios on the right. Rather than getting something that approximates a native stream in that first picture, a misunderstanding with an operator or consultant might result in banks so compacted that woody vegetation can’t establish, or using herbaceous seeds that outcompete native vegetation, or a combination--like in the photo on bottom right—so that even 20-30 years down the road riparian conditions are still not near baseline. And yes, that stream restoration on the bottom was about 25 years old when I took that photo.Even if the consequences aren’t that extreme, establishing a mutual understanding of R-words among all partners and collaborators at the BEGINNING of the project can avoid conflict and confusion during planning and implementation. And that avoids the consequences of lost time and money, by avoiding a constant back and forth that often yields  disproportionate inefficiencies.



     

Impact—Understand disturbance 
We must understand nature of the disturbance to effectively restore! 



  

Impact—Scale(s) 
Spatial Scale 

vs. 

Temporal Scale 
© Cameron Davidson: 
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Understanding the spatial scale of impacts is relatively straightforward. A large mine in Appalachia will have a whole lot greater impact than a cut and fill as in the two photos on the left.What’s a bit trickier is grasping the temporal scales the impact we’re dealing with. Two of the major impacts to the Appalachian landscape are pictured on the right of the slide: logging and coal mining. Certainly, both of these impacts can have long-term effects. That said, had the compounding effect of the chestnut blight dessimated the American Chestnut in the East, recovery would have been fairly steady relative to the more lasting impacts that mining has because of the 3-dimensional nature of the disturbance. The impacts of mining AS it is SUPPOSED to be performed, and even without compounding factors, not only creates hostile conditions for terrestrial ecosystems but can change water chemistry for decades at a time. Barring compounding effects and using best practices, the same cannot be said of logging.Both spatial and temporal scale really determine the limitations of restoration actions we can use to encourage the recovery of a given ecosystem.



Impact—Pattern(s) 
Pulse Press Ramp 

Presenter
Presentation Notes
In addition to scale, we need to understand our patterns of disturbance to be able to respond in an effective way. We’ll have to ask ourselves if we expect the effects of a disturbance to change in “pattern” assuming current conditions are indicative of future conditions? Or conversely, if future conditions are expected to change.The three figures on this slide are three different models of the pattern of disturbance from Lake’s 2000 article on stream disturbance. Pulse vs. Press vs. Ramp effects of disturbance over time As we Explain pulse, press, and ramp.Pulse exampleselective cut logging, floodingPressnot only the ag in the foreground, but also—once established—wind turbines as well. Both have exert a pretty steady disturbing force over long time frames. This pic is from just north of my hometown.RampUsually these are caused by cumulative and compounding effects that result from an initial impact. A good example of this would be opening up an area to invasion following agriculture, forestry, or mining. Invasives as a ramp disturbance is pretty classic example. I took the pic on the far right at a wetland restoration along the French Broad River just outside Asheville, NC that I had students helping with. That site had become dominated by reed canary grass and Johnson grass as a result of a invasion by plants used for erosion control from two directions—an adjacent and steep housing development, and a periurban and channelized river on the other side.



 

 
 

Impact—Pattern(s) 
Could one impact exhibit multiple disturbance patterns? 

Press disturbances Pulse disturbances Ramp disturbances 
Nitrogen fluxes Blasting Invasive vegetation 

Hydrologic flashiness Imperviousness/compaction (Cumulative & Compounding) 
Streambed precipitates Results from other disturbance types 
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(Potentially nix)



 

Impact—Lessons from examples 

Photo: P. Angel 

Presenter
Presentation Notes
Failing to consider or misunderstanding the scale and pattern of impact, disturbance, and injury impedes establishing appropriate goals and subsequent selection of restoration actions—often this yields restoration failures or imposes limits on levels of “success”. The consequences of  failing to consider the spatial and temporal scales of impacts also became pretty apparent to me during my post-doc. The picture above isn’t of me, but it is of the same study site on the same mine.  Regardless, I was assigned the task was to follow up on a block-study of vegetation cover on mined areas with different seeding and mine spoil handling treatments. Long-story-short, by the time I came on, an entire block of the study had been overturned because the coal market had shifted, making re-mining profitable. Not only did this ruin what could have been some useful r-word research from a statistical perspective, it also destroyed the restoration efforts themselves.



Goals—Establish desired outcomes 
Desired outcome ≠ Desirable outcome 

Establishing Appropriate Goals: 
3 Key Elements 

1. Clearly Delineated 
• Linked impact to injury to outcome 
• Foster meaningful future assessment 

2. Congruent with scale/pattern of disturbance 
• Can goals be achieved at scale of restoration 

3. Agreed upon 
• All parties have input 
• Trustee opinion paramount 
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Presentation Notes
Goals…the meat and potatoes of restoration. This is where we establish our desired outcomes. I do want you to note here that desired outcomes are completely different than “desirable” outcomes. Desired outcomes, or your goals, foster the establishment  of meaningful monitoring metrics for objective assessment in the future. Desirable outcomes, on the other hand, are completely subjective, can occur incidentally, and they’re not necessarily linked to our injury.Regardless, from here on, every subsequent step must be tied back to your goals for the restoration to have a shot at success. These goals are our basis for choosing actions and evaluating performance.My three criteria for establishing appropriate goals are:First, they have to be clearly delineated. In other words, there is a clear nexus to the injury, and they will foster meaningful and objective future assessment. Secondly, we have to be sure that we can realistically achieve our goal, at leasst in concept, at the scale of our restoration project .Lastly, all partners and collaborators should agree on these goals. In a NRDAR context, the Trustees will have the ultimate say, but nonetheless, all parties should have input to reach the agreement.Additionally, Wagner and others suggest the integration of restoration goals with remediation goals when contamination is present; a process which historically has preceded any thought of restoration. This integration fosters efficiency throughout the restoration process on the site by minimizing inefficiencies (e.g., handling materials twice).Establishing meaningful and appropriate goals seems like it should be a simple concept, but surprisingly, goals are often wholly lacking or unclear. Without well-delineated goals, the project may be a management action, but certainly not under the umbrella of the “R”-words. That’s because we cannot evaluate whether we achieved “success” or “failure” without defining what we expected to achieve in the first place.



Goals—Lessons from examples 

Presenter
Presentation Notes
On the left is a stream mitigation project built in the early 80s, just a few years after SMCRA was passed into law. The explicit goals for restoration were nothing more than “create a stream” (so, goals were not clearly defined in any measurable way)Implied goal under the CWA as mitigation is to replicate central Appalachian headwater stream  structure and functionThere are two problems with this project: first, there were no clearly delineated explicit goals; and second, the implied goal was so general that it could mean nearly anything. Because establishment of meaningful goals was an afterthought, the practitioners weren’t able to hone in on which actions they should take to replicate a headwater in the region. Furthermore, without those goals it becomes impossible to measure success. In contrast to that project, the stream on the right had an explicit goal of replicating organic matter functions of nearby headwaters written into the restoration plan. Not only does this provide context for relevant actions to the practitioners, but it also fosters their ability to identify quantifiable metrics that can be used to reflect that goal so we can objectively evaluate that stream’s performance later on.



Alternatives—Identify, evaluate, & select 
NRDAR Criteria 

for Selecting CERCLA Alternatives 
1. Technical feasibility 

2. Expected cost-benefit evaluation 

3. Cost effectiveness relative to other options 

4. Results/impacts of actual or planned response 

5. Potential for additional Injury 

6. Natural recovery period (no-action vs. alt.) 

7. Ability for recovery (no-action vs. alt.) 

8. Adverse public health and safety 

9. Consistency: federal, state, tribal 

10.Compliance: federal, state, tribal 
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Presentation Notes
Evaluation of alternatives and selection of appropriate restoration actions is critical to success. NRDAR process has outlined several guidelines for selecting alternatives under CERCLA, and other criteria could just as well be used concerning regulations that are most relevant to you, like OPA or CWA. In addition to feasibility, and compliance/consistency with other regulations, the likelihood that an alternative will  achieve desired outcomes in a cost-effective manner is of paramount importance.  One way to view this is the figure on the right. Let’s simplify it for now and save the discussion of compensatory restoration for another day. We can see that in the scenario on the top—the A-scenario—the lag time for natural recovery (aka, passive restoration) is quite long relative to the amount of time we would wait for a return to baseline if active, human-mediated restoration measures were used; and therefore, from an efficiency standpoint, it makes sense to use active restoration to accomplish our goals. Conversely, in the bottom-- the “B” scenario--undertaking active restoration makes little sense given that the time-gap between that curve and the passive restoration curve is negligible.



 Alternatives—Doing nothing (Any NEPA fans, out there?) 

Selective Logging 

Presenter
Presentation Notes
When considering potential actions we must first ask ourselves, “What happens following this disturbance if we do nothing?”.  In the figure above, we see several alternate disturbance-response curves WITHOUT human-mediated restoration interventions. The disturbance duration and pattern are indicated by the dotted lines and bars just above the x-axes. The native ecosystem responses are the curves within the plot areas. For restoration professionals, about the only acceptable scenario would be in “A” above as we are generally wanting an ecosystem to return to some baseline level—or at least substantially toward it.Under most circumstances, restoration professionals are consulted because it has been predetermined that endogenous ecosystem recovery wouldn’t be sufficient for a return to baseline conditions, and thus, active restoration would be required. Occasionally, however, there might be specific scenarios that we can rely on passive restoration for. I’m sure many of you out there can think of disturbance-response scenarios where doing nothing is a legitimate option, avoiding active restoration. My go to example would be my assistance on recruitment studies following group selection forestry.



Alternatives—Doing something 
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Presentation Notes
If the no-action alternative will not likely achieve goals, or it’s not acceptable given other considerations or limitations (e.g., regulatory timelines, scalar considerations), we have to do something. This will require us to evaluate alternative actions congruent with the disturbance:Although Lake’s figures above illustrate native ecosystem responses to disturbance in the absence of human intervention, they can also help us understand how to pair our restoration actions to the disturbance.I’d like you to note that in the those figures, under natural conditions, responses aren’t necessarily of identical “type” relative to the disturbance. Similarly, for restoration, we might choose an alternative action that is a press response to address a pulse disturbance (e.g., mosaic-patch scale revegetation plantings that we expect to increase in density through recruitment and reproduction over time, after a pulse disturbance of watershed-scale deforestation).Just because a given action, doesn’t match the exact “Type” of disturbance pattern or scale, DOES NOT mean that it can’t be an appropriate, effective, or useful restoration techniques.All that said, the major challenge for effective restoration rests with the fact that we are often trying to replicate the disturbance-response relationship in A above, when we have generally started with B, C, or D scenarios. SO, if the response ultimately remains well below baseline conditions as in those scenarios, we haven’t really achieved our aims effectively as restoration professionals. How do we overcome that obstacle? Well, with the aim of altering disturbance effects, we can ultimately encourage the response curve in a direction TOWARD baseline.…in other words, given a long enough timeline and appropriately selected actions, we can make most responses exhibit a “pulse” pattern.One last note on evaluating “alternative actions: When we evaluate potential alternatives, we MUST ensure that we aren’t just looking at resultant ecosystems under current conditions, and that we’re also considering responses under projected or anticipated conditions--(whether, our action of choice is mediated by humans or assembly and successional processes)



 Alternatives—Select in good faith 
Professional Judgment Pet Projects 
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Presentation Notes
Lastly, we have to evaluate alternatives honestly, relative to likelihood of their ability to meet goals and associated evaluation metrics. Although this often requires professional judgment, we have an obligation to pursue actions with the highest likelihood of achieving the desired outcomes.What this means is that we have to check, both ourselves and others, to ensure we aren’t just implementing pet projects/techniques, except when warranted. As with everything, there are exceptions, however, exceptions for this rule should generally be limited to scenarios where such projects are exploratory and meant as a proof of concept for given technique.One simple way we can keep ourselves honest as we prioritize and select our alternatives is be re-visiting our pre-determined selection criteria. Although this list is CERCLA-specific, lists more relevant to other regulations you may be working under, like OPA or CWA, would accomplish the same purpose. 



  

Alternatives—Lessons from examples 
Chosen Alternative Chosen Alternative 

Incongruent with Impact’s Scale & Pattern Not Tied to Goals 

a. Why? 

Presenter
Presentation Notes
On the left, we have a classic example of mismatching the scales of our chosen alternative and our goals. That picture shows the consequences of trying to fit a reach-scale solution to a watershed-scale problem—and for that matter, not planning for the appropriate intensity of the pulse flood disturbances. This massive downcutting and erosion happened along the first reach that was restored in a catchment-wide mitigation bank in the piedmont of NC. It began to fail just months after being constructed. Several old, and no longer utilized stream crossings in the headwater areas, as well as field tiles draining upstream of the reach caused a much spikier hydrograph at this site than would be typical for the area. Additionally, the landowner had given permission to break those tiles, and to reclaim and close the problem roads. Despite this, and with ample warning, practitioners chose to go ahead with downstream restoration of a reach prior  to dealing with the upstream issues. , By implementing a strategy that was ill-suited to the scale and pattern of the disturbance, failure was all but guaranteed in this case.On the right, we have a stream that was constructed as mitigation to replicate an Appalachian headwater stream. Unfortunately, that desired outcome cannot be achieved with the selected alternative actions.  And, I’m here to tell you that it didn’t achieve any of the functional or structural outcomes…other than having flowing water. In the haste that the practitioner was in to create a physically stable stream channel, the bank materials became highly compacted. Since trees can’t establish in that soil, the chance of replicating the forested headwaters typical of the area is nonexistent. This just goes to show that if we don’t select restoration actions based on their likelihood of achieving goals, then we’ll likely not have a high level of success. 



Implementation—Apply & adapt actions 

Photo: P. Angel Photo: P. Angel   

Presenter
Presentation Notes
Projects are often subject to change as a result of unforeseen circumstances or variable conditions, and we must adapt.Adaptability and agility are largely based on 1) having previously prioritized your alternatives, so that if you have to change you can, and 2) communicating effectively between operators, planners/designers, and other parties involved. Often the more parties that are involved, the more difficult this becomes. In my experience, the most agile partners come from design-build firms. Sometimes, even the party who is responsible for the injury can be a the most agile and able to adapt when restoring an area, because they know the disturbance and the area, and can shift resources necessary for the work rapidly—just  so long as they are willing to cooperative with regulatory and technical experts.The important lesson here is that any modifications should be based on GOALS as we adapt!!! The same pitfalls we experienced when evaluating and selecting our first-choice action, are still there and relevant when we have to pivot to a second choice; and revisiting goals ensures the best likelihood of achieving high levels of success. 



 

  

 

 

Monitoring—Measure, record, & report 

1.Monitoring as part of restoration plan 

2.Trajectory of recovery 

3.Biotic, chemical, physical 

4.Structural and functional linkages 

5.Expected cost-benefit evaluation 

Presenter
Presentation Notes
This brings us to monitoring. I view monitoring as an integral component of the restoration process. If you don’t monitor and evaluate based on pre-established performance criteria that are linked to your goals, you have no real evidence that what was achieved was a restoration or another “R”-word. Historically, this has not been the case, with monitoring being viewed as completely separate, taking a back seat, or often not conducted. Several papers have focused on the critical nature of monitoring to minimize risk and ensure that restorations are heading in the right direction. One of these papers, Hooper et al., provide a pretty robust road-map for successful monitoring in a restoration context. Despite these calls to view monitoring as an integrated part of restoration, on most restoration projects it’s still sorely lacking.



 
 

 
 
 

  

  
 

  
  

   
 

 
 

  
 

 
 

 
 

      
 

Monitoring—A major weakness 
Meta-analyses 

Terrestrial Aquatic 

• 301 scientific articles, through 2012 
- Global, U.S. & Australia-centric 
- Total # projects not indicated 
- Active, ecological restoration focus 

• Post-implementation monitoring 
- Structural (pattern) metrics = 94% 

o Diversity & abundance 
o Vegetation structure 

- Functional (process) metrics = 42%* 
o Soil-structure corrected = 32% 

⁻ Socioeconomic evaluation= 3.5% 
o Community-involvement & project cost dominated 
o Economic benefits of ecosystem services unquantified 

• 37,099 projects, through mid-2004 
- National River Restoration Science Synthesis database 
- Pacific NW, Chesapeake Bay, California-centric (88%) 
- “Restoration”, common-usage 

• Post-implementation monitoring 
- Linkages to goals 

o No goals listed for 20% 
o Restoration or just alteration? 

- Dearth of monitoring & assessment 
o Only 10% completed any monitoring 
o Majority of those didn’t link action & outcome 
o Majority didn’t provide for dissemination 

Presenter
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Several studies  have been able to aggregate enough data for meta-analyses. Today I’ll just focus on two of the largest-scale studies to draw generalized conclusions about the present state of monitoring and assessment on restoration sites: one focused on terrestrial restoration, and the other focused on lotic restoration.Wortley and others aggregated results from 301 scientific research articles that included active ecological restoration projects from across the globe. Although this work excluded other R-words under the common-use, umbrella meaning of “restoration”, we still get some interesting insights. Just under 98% of articles included some form of post-restoration monitoring and assessment. 94% of those measured ecosystem attributes, and only 3.5% quantified social and economic impacts. Although it’s tempting to see that figure and think “oh wow! post-restoration monitoring and assessment isn’t a problem for terrestrial ecosystems”, I’d like to point out that this was a review of articles published in scientific journals, and therefore we would expect that quantification of some aspect of outcomes would almost be a pre-requisite for publication. More important is the breakdown of the assessment types used. Structural assessment metrics were very common, with approximately 40% of these studies using some measure of vegetation structure and nearly 80% using diversity & abundance of some taxa as a measure of success. In contrast, even in the scientific literature, process-based functional metrics as a whole were only used in 42% of these articles according to the authors, and when I corrected for those studies using soil structure (which I would argue is more of a structural metric, depending on it’s interpretation) that number is only 32%. Regardless, the fact that only 32-42% of scientific studies evaluated functional measures, doesn’t provide great confidence that such process-based measures would be any more prevalent for projects that aren’t in the scientific literature.Turning to the aquatic side of restoration, Bernhardt and a number of others conducted a pretty comprehensive meta-analysis of just over 37,000 river & stream restoration projects. They found that an overwhelming majority of restoration projects—and here the authors mean a more general usage—occurred in 3 of the 7 national regions they delineated. For 20% of projects in this study, no goals were listed…and it’s really difficult to establish meaningful, objective monitoring and assessment protocols without goals, as we know. For a majority of projects it was also unclear whether what was labeled a “restoration action” was a more practical alteration , such as bank stabilization, or if it was actually intended to provide ecological uplift. Th most striking figure from this research is perhaps that only 10% of all projects identified completed any form of post-implementation monitoring or assessment, and a majority of that 10% didn’t clearly link actions with outcomes OR provide for dissemination of their findings.The overarching evidence indeed corroborates that monitoring is severely lacking, or inadequate. Despite the increasing dollars going to restoration, very little goes toward monitoring. Again, establishing “successful outcomes” and providing an evidential basis for future restoration decisions is inherently contingent on robust  monitoring, including functional and service-related metrics, as well as the dissemination of how our actions fostered achieving desired outcomes (or in many cases, had no effect). It’s clear from these two studies that we have a long way to go in that regard.



 

 

 
 

 
  

 

  

  

Monitoring—An essential restoration action 

1. Goal-based criteria 
• Predetermined 
• Congruent w/disturbance 
• Linked to injury 

2. Quantifiable 
• Objective 
• Physical, chemical, biotic structure 
• Functional & services 

3. Sufficient length & frequency 
• Ideal, until achievement of goals 
• Realistic, until likely trajectory established 

Meaningful Monitoring: 3 Key Elements 

a.k.a., (Harman et al., 2012)* 
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My experience and the literature broadly suggest 3 key elements to monitor and evaluate restorations.First, our criteria have to be based on and linked to our goals. If you adhered to setting goals that were congruent with the disturbance and linked to the injury—as we just discussed—then these monitoring criteria will also fit that bill. Even when goals are set, performance criteria must be congruent with them. I have worked on projects where the practitioners aims were to reduce sedimentation and restore a viable trout fishery—however, neither measures of sedimentation or fish assemblages were measured in the post-restoration monitoring, and instead, the monitoring claimed “success” based on diversity and abundance of benthic macroinvertebrates and one chemical measure.Secondly, quantification is key. This doesn’t necessarily mean we have to use complex statistics, but our performance metrics must be measurable relative to our target goals. Obviously, we want quantifiable measures so that we can objectively capture our ecosystem’s trajectory toward recovery. Historically, monitoring has largely focused on measuring structural metrics—the physical, chemical, and biotic snapshots, and these can be quite useful measures. But, I’d like to hang out on the third bullet point under  number 2, here.  Ecologists have long recognized that ecosystem structure doesn’t necessarily infer function, and that functional metrics can have great utility in monitoring because they integrate biotic and abiotic elements of ecosystems, reflect performance through time, and they’re generally pretty readily connected with human-centered ecosystem services. A good example of this would be Mark Gessner and Eric Chauvet’s work as well as Roger Young and others (CLICK NOW). But we’re actually starting to see a call to action on using functional- and service-based metrics for assessing restorations from a regulatory standpoint. (CLICK NOW) As an example from my research experience, back around 2010 we started seeing an uptick in interest from Army Corps and EPA for using functional metrics to assess stream mitigation projects on coalfields under the Clean Water Act. (CLICK NOW)  That was followed by an EPA guidance publication petitioning input from scientists and practitioners on functional assessment metrics that could be useful. (CLICK NOW) And quite a few of us working in the Appalachian mining context during that time conducted research that could inform functional assessment in those streams. But this isn’t just relevant in the coal mining context!!! (CLICK NOW)  Kaputska and others published an article back in 2015 that made a strong case for using functional and ecosystem-service-based metrics on all kinds of restoration projects. (For those interested, they have a pretty good table with example metrics in that SETAC paper)But let’s move on to number 3. Monitoring also should be sufficient and frequency to establish goals were met. As Hooper and others note, we would ideally be monitoring until goals have been met, and adapting as necessary during that time. In reality, however, we’re often dealing with constraints of time and money—which means we have to settle for a monitoring scheme that establishes a solid trajectory toward our desired endpoints.



 

  

Evaluation—Compare actual vs. desired outcomes 

Non-binary evaluation is key!!! (vs. success/failure) 

Presenter
Presentation Notes
Now we come to the evaluation phase. This is essentially where the rubber meets the road from a regulatory standpoint to see what level of success the project achieved, or not.Again, a good assessment or evaluation will be linked back to our goals, and thus to our injury. IF we set up our goals and monitoring plan accordingly, evaluation should be a piece of cake—but even if that was the case, it often isn’t so simple. All of us can probably agree that if we meet 100% of our monitoring performance criteria, then we can probably call the restoration a “success”. The converse is true too, that if none of our criteria achieved our restoration is wholly unsuccessful. But the tricky part is that middle part of the gradient…the part we’re usually dealing with.Almost all restoration theorists that I know promote a non-binary view of restoration performance, and a lot of restoration practitioners would benefit from more emphasis on this. Too often, even though we know that a gradient or spectrum of “successfulness” is most useful, we revert to a success/failure paradigm even outside of the regulatory process. This often fosters setting the bar either 1) way too low such that truly ineffective restoration measures pass the bar, or 2) way too high, such that goal-based criteria and actual performance measures have to be in 100% alignment, which is usually unrealistic. It would be beneficial to everyone to not only view restoration outcomes as non-binary in practice, but to be transparent and communicative prior to implementation about where we should set decision criteria when we have to accept the binary for regulatory decisions.



  

 

  

Dissemination—Communicate data & results 

Reciprocal Transfer of 
Multi-disciplinary Knowledge 

Practitioners  Theorists  Stakeholders 

a.k.a., (Harman et al., 2012)* 

Call for: 

DARTS Database *in development* 
Disseminate 
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Our ability to improve future restoration efforts is dictated by honest evaluation of outcomes relative to pre-determined criteria (GOALS), to see what was effective and what was not.In this light, reporting “failures” or less-successful techniques and strategies is as important, or more-so, than the reporting of successes. Although we all know this in concept, practitioners, scientists and regulators all have a difficult time reporting failures—or negative results, in the case of scientists. THIS NEEDS TO CHANGE if our aim is to make evidence-based decisions that foster efficient, effective restorations that waste less time and resources.At least two resources from the literature--EPA’s functional-based assessment and restoration framework, as well as Farang et al.’s summary from a SETAC-SER workshop—have called for more reciprocal transfer of knowledge among professionals in different roles and representing various disciplines.Additionally, to continually improve our restorations we need tools that allow us to harness data from a large number of projects, and to aggregate, analyze, and draw defensible conclusions concerning our choice of various restoration techniques. Tools to do this are currently sparse, but centralized databases that are accessible to stakeholders can facilitate knowledge transfer among these parties, AND they have true potential to meaningfully inform future restoration efforts through meta-analyses economic, ecological, and societally relevant outcomes of restoration. SER currently has a database that provides a centralized repository for many projects uploaded. Additionally, within DOI-ORDA and with the aid of USGS partners, the DARTS database is in development that will provide a robust and mine-able database of all NRDAR restoration projects. As a call to action for those of us in the fields of restoration and the associated “R-words”, we should both be contributing our projects to these databases, and also be promoting these tools to our colleagues and partners every chance we get.



  

 

  
 

 

LEARN!!!—Aggregate & analyze for new projects 

New project planning: 

Aggregate & Analyze 
Planning & Design Team 

(Practitioners, Trustees, Stakeholders) 
Learn from 

& apply to: 

R I G A I M-
New Project!!! 

Evaluate 

Multi-disciplinary Knowledge 
Practitioners  Theorists  Stakeholders 

DARTS Database*in development* 
Disseminate 

Presenter
Presentation Notes
We can build on that model I just showed for dissemination by incorporating the learning portion of the restoration improvement phase. That is, once the data has been disseminated via centralized databases, it can be harvested by those planning new projects, aggregated and analyzed to inform their specific restoration choices, and then feed back into the overall knowledge of restoration as a science and a practice. Basically, a positive feedback loop to improve restoration.



 

   

Review & Summary—Avoiding pitfalls & improving process 

…let’s take a look back at our conceptual model… 



Presenter
Presentation Notes
Let’s go for a conceptual walk-through



Questions? 



  
     

   

  

       

     
       

     

 
 

 
 

 
 

 

 
  

 

  
  

   
  

 

 
   

Entirely 
Successful 

Entirely 
Unsuccessful Predetermine “acceptable” levels within this range for binary judgments 

Performance-status Gradient 

R -word paradigm [establish common language & framework] 

I mpact [understand disturbance scale & pattern, determines restoration limitations] 

G oals [determine desired outcomes that are clear, quantifiable, & linked to disturbance] 

A lternatives [identify, prioritize, & select actions likely to achieve desired outcome] 
I mplement [execute selected actions; agile & adaptable ops revisit alternatives as needed] 

M onitor [Measure, record, & analyze actual outcomes vs. predetermined, goal-based criteria] 

-
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Verification 
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e tried to achieve? 
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ent 
Sharing results 
to aid future 

decisions 

Process Phase 

Evaluate 
Assess if actual outcomes match desired outcomes? 

(i.e., goal-based criteria within “acceptable” range) 

Yes, all Uncommonly Predominantly No, none Intermediate 
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Performance 
Status Stage 
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Disseminate 
Centrally report results regardless of final performance determination. 

(i.e., communicate effective and ineffective restoration techniques) 

Individual Restoration Project Model 

Learn from Prior Info 
Aggregate and analyze previous results to 

make evidence-based decisions. 

New project? 
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