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Figure 4-1. Systematic planning approach of the Nebraska Natural Legacy Project 

(NNLP) in the context of structured decision making and adaptive management (a 

specific type of structured decision making). The problem is determined by which species 

are prioritized under the NNLP. Species targets make up fundamental objectives. Means 

objectives are related to the reduction of threats and stressors to the species. Alternatives 

can be built from the conservation strategies. The arrows leading off of the evaluation 

step of adaptive management represent adjustment based on two loops of learning; single 

loop learning changes implementation and the double loop learning alters the 

fundamental elements of the decision framework.   
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Figure 4-2. Dichotomous key for determining when to consider using adaptive 

management, given specified uncertainties and knowledge of the management context. 

The first part of the key evaluates whether the uncertainty is appropriate for adaptive 

management, such that the uncertainty could be reduced through designed monitoring 

and review of management consequences. The second part of the key addresses whether 

the knowledge gained would be useful. The third part of the key relates to whether it is 

practically possible to reduce the uncertainty. Adaptive management is impossible or 

unlikely to succeed if the answer to any of these questions is “no.” Potential reasons for 

the answer being “no” are listed along the right-hand side of the key.  
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Table 4-1. Eight elements required by Congress to be included in State Wildlife Action 

Plans. The elements can be readily incorporated into structured decision making and 

adaptive management frameworks.  

Identify or describe the following: 

1.   Wildlife species 

 

 

2.   Habitats/communities 

 

 

3.   Problems 

 

4.   Actions 

 

 

5.   Monitoring/adjustment 

 

 

6.   Review 

 

7.   Coordination 

 

 

 

8.   Public participation 

Distribution and abundance of wildlife species 

indicative of state’s biological health and diversity 

 

Extent and condition of essential habitats and 

communities 

 

Problems affecting species or their habitats 

 

Conservation actions for those species and their 

habitats 

 

Plans for monitoring and adjusting conservation 

actions 

 

Procedure for reviewing the plan 

 

Plans for coordination with federal, state, local 

agencies, and Indian tribes that manage significant 

land and water areas in the state 

 

Ways of including broad public participation 
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Table 4-4. An abbreviated version of the target selection matrix tool used by the 

Nebraska Natural Legacy Plan to guide choice of focal species within a biologically 

unique landscape (BUL). Two species are included as examples. Scores are based upon 

information previously gathered for the Nebraska Natural Legacy Project and stakeholder 

input. The scoring results suggest that it may be more important to include Timber 

Rattlesnake than Wood Thrush in the set of targeted species, as this species is described 

as more imperiled and habitat specific, while being equally endemic and BUL-dependent.  

 

Common 

Name 
Imperilment Endemism BUL 

Habitat 

Specific 
Total 

Timber 

Rattlesnake 
1 2 3 3 9 

Wood Thrush 0 2 3 1 6 
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CHAPTER 5: REDUCING UNCERTAINTY ABOUT OAK SEEDLING 

ABUNDANCE TO IMPROVE CONSERVATION OF OAK-DOMINATED FORESTS 

 

1. INTRODUCTION 

Oak-dominated forests are valued for many reasons, including supporting 

wildlife, supplying timber, and providing cultural benefits (Fei et al. 2011). Ecologist and 

forest managers have observed a general trend of reduced oak abundance in eastern North 

America since the 1980’s (Abrams 1992, Fei et al. 2011). Loss of fire on the landscape is 

believed to be a major driver of the oak decline. In the absence of fire, more shade-

tolerant but less fire-tolerant tree species a competitive advantage over oaks by reducing 

light availability to oak seedlings (Nowacki and Abrams 2008). Therefore, prescribed 

burning and thinning of shade-tolerant trees may be necessary to conserve oak-dominated 

ecosystems.  

Studies have examined the general impacts of burning and thinning (Iverson et al. 

2008, Abrams and Steiner 2013, Knapp et al. 2015), but the consequences for a given oak 

forest will likely depend on the historical context, present condition, and how burning 

and thinning are applied. Adaptive management is a useful framework for learning about 

specific forest systems by testing different hypotheses about consequences through 

monitoring and review (Holling 1978, Walters 1986, Lyons et al. 2008, Williams et al. 

2009). Adaptive management is appropriate when there is: (a) uncertainty about how 

systems or species might respond to management or uncertainty about the particular 

mechanisms driving observed responses (Williams et al. 2009), (b) an ability to learn, and 
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(c) opportunity to change management based on what is learned (Williams and Brown 

2012).  

One area of uncertainty related to oak conservation management is the impact 

burning and thinning will have on oak seedling abundance. Assuming that seedling 

abundance is indicative of oak regeneration potential, reducing uncertainty about oak 

seedling abundance through adaptive management can improve oak conservation. 

Hypotheses (i.e., models) could differ based on management specifics (e.g., frequency 

and intensity of prescribed burning, amount of thinning), predicted shape of the response 

(e.g., positive vs. negative, linear vs. nonlinear), strength (i.e., coefficients) of anticipated 

effect, or the potential for interactions between management actions (e.g., whether the 

impact of burning is different in the presence of thinning; whether thinning is effective 

without burning). In order to detect the management effects, variability resulting from 

environmental drivers will likely need to be accounted for in the models.   

To conserve and restore oak-dominated forest communities as part of Nebraska’s 

State Wildlife Action Plan, also known as the Nebraska Natural Legacy Project 

(Schneider et al. 2011), managers have reintroduced fire at Indian Cave State Park in 

southeastern Nebraska, in conjunction with thinning of small trees. Management 

practices can be informed by similar oak conservation efforts elsewhere in the Midwest 

(e.g., Iverson et al. (2008) found that repeated burning and partial thinning in a southern 

Ohio forest increased the density of large oak seedlings, and Knapp et al. (2015) found 

that after 60 years, areas with repeated burning on a four-year fire interval contained 

more oak seedlings than unburned areas). However, uncertainties remain about how the 
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oak forest communities of southeastern Nebraska will respond, including how 

management will impact oak seedling abundance.  

Previously adaptive management was not possible at Indian Cave State Park 

because a lack of data prevented formal evaluation of management. As an initial step 

toward reducing uncertainty through adaptive management, a series of meetings with 

park managers and state conservation planners was used to develop hypotheses about the 

environmental and management factors influencing oak seedling abundance and to design 

data collection methods for an initial inventory of oak seedlings at Indian Cave State 

Park. In this chapter, I use the inventory data to test hypotheses built from combinations 

of various environmental drivers and management actions through a multimodel 

inference/information theoretic approach. I also explore opportunities for further 

implementing adaptive management, built upon the knowledge acquired from this 

preliminary effort.  

 

2. STUDY SITE AND DATA COLLECTION 

Indian Cave State Park is an approximately 3,300-acre parcel of state protected 

land in the Missouri River bluffs of southeastern Nebraska (Schneider et al. 2011). The 

park contains mixed hardwood forest communities dominated by red and white oaks, 

hickories, and basswood. Based on familiarity with oak conservation practices elsewhere, 

park managers hypothesize that burning creates suitable conditions for oak seedling 

germination and thinning improves oak seedling survival by increasing light availability. 

Prescribed burning was first applied in the park in 2009, and since then prescribed 
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burning and thinning have been applied in sections of the park. Management was not 

conducted as a formal experimental procedure but rather implemented opportunistically.  

Data were collected during the months of June and July 2014. The oak seedling 

inventory was conducted in tandem with a broader Indian Cave State Park forest 

community inventory project (unpublished data). A total of 360 points were located 

throughout the forested areas of the park, using stratified random sampling to collect data 

from 30 points in each of 12 elevation/aspect combinations; presence of oak communities 

can be driven by elevation and aspect (Collins and Carson 2004).  At each of the points, 

canopy closure, understory plant groundcover, litter:bare groundcover, oak seedling 

abundance, and tree composition was assessed.  

Canopy closure was estimated at each point using a spherical densiometer, with 

readings averaged between two observers when possible. Within a 4-m radius plot 

centered on the point, the percentage of ground covered by plants less than 6-ft tall was 

visually estimated, as was the percentage of litter to bare ground (summed to 100%). In 

the same plot, oak seedlings were counted and distinguished as red or white oak seedlings 

to the best of the observers’ abilities. Within a 10-m radius plot, all trees (greater than 6-ft 

tall) were recorded to species, assigned a size class based on diameter at breast height 

(dbh) (small: ≤ 10-cm dbh, medium: 10-cm < dbh < 30-cm, large: ≥ 30-cm dbh), and 

designated canopy or subcanopy (where a canopy tree is defined as receiving direct 

overhead sunlight). A geographic information systems layer of the park, provided by a 

manager, was used to determine if points were within 20-m of an opening (edge).  

 

3. RESPONSE VARIABLE AND COVARIATES 
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The response variable of interest for this study is oak seedling abundance. Red 

and white oak seedlings are combined to avoid numerous zero values and due to 

uncertainty about the accuracy of differentiation between red and white oak groups. The 

covariates, selected based on meetings with park managers and state conservation 

planners, include a mix of ecological and management variables to explore the factors 

correlated with oak seedling abundance and to test for evidence of management effects. 

The covariates are: number of large oaks within 10-m, number of small trees (any 

species) within 10-m, number of times burned (based on management burn units), 

number of times burned before mid-2012 (prior to germination following a mast year), 

and edge (y/n). Canopy closure was excluded from the present study based on the limited 

range observed in the park (75% of points with canopy closure over 90% and only 

outliers below 80% closure) and unsupportive results from a pilot study conducted the 

previous summer (unpublished data). 

Large oaks, in comparison to medium and small oaks, have greater basal area for 

acorn production and tend to produce more acorns per basal area (Greenberg 2000). 

Many of those acorns settle near their source tree (Sork 1984, Dow and Ashley 1996). In 

addition, if the environmental conditions at the site (e.g., elevation and aspect, soil 

moisture) are favorable to large oaks, they may be suitable for seedlings as well, although 

this is not necessarily the case and may be species specific (Collins and Carson 2004). 

Therefore, greater numbers of large oaks are hypothesized to increase the number of 

seedlings. Analysis of a pilot study (30 points collected in 2013) further supports 

inclusion of large oaks as a covariate.  
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considered in this analysis include soil conditions, groundcover of different types of 

understory vegetation (e.g., nettles, hog peanut, sunflower), and detailed topographical 

characteristics (e.g., degree of slope, drainages). Adaptive management could further 

resolve uncertainties about environmental drivers and management impacts. 

 

7. ADAPTIVE MANAGEMENT POTENTIAL 

The Nebraska Natural Legacy Project encourages the use of adaptive management 

to reduce uncertainty about how systems in Nebraska work, for the purposes of 

improving conservation of wildlife and their habitats (Schneider et al. 2011). The models 

representing different hypotheses about which factors are related to oak seedling 

abundance, demonstrate uncertainty prior to the study. The results, particularly the 

relatively low weight (0.33) of the top model (oak seedling abundance ~ number of large 

oaks), show that substantial uncertainty remains about the drivers of oak seedling 

abundance.  

As management decisions were not made with learning in mind, the present study 

is closer to external research than adaptive management. However, the study could 

inform an adaptive management approach (William 2015), especially the establishment 

of management hypotheses and baseline data that can be used for future comparisons. It 

may be worth developing an active adaptive management approach, in which learning is 

an objective driving management decisions. Indian Cave State Park is an ideal, and 

perhaps the only feasible, setting for experimenting with methods for oak conservation in 

southeastern Nebraska. The park covers a relatively large area (approximately 3,300 

acres), contains a sizeable portion of the oak-dominated forestland in the state (within 
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Nebraska these natural communities only occur along the Missouri river bluffs on the 

eastern state border), is supported by state agency (in contrast to private) resources, and 

has managers experienced with prescribed burning and thinning.  

The adaptive management project could use plots established within the park to 

test different management strategies, such as doing nothing, burning, thinning, and 

burning with thinning. Although some of these strategies are unlikely to improve oak 

conservation, such as doing nothing, testing the extremes of management alternatives can 

increase the probability of detecting an effect, and thus speed the rate of learning. 

Another way to improve the chances of detecting an effect is to limit variability between 

plots. For example, the study shows that the number of large oaks has an impact on the 

number of seedlings. Accounting for this variability could mean identifying sites with 

similar numbers of large oaks or controlling the number of seedlings by planting 

seedlings. 

 

8. CONCLUSION 

The results of this study highlight the importance of accounting for the number of 

large oaks in models of oak seedling abundance. While it does not provide evidence that 

management efforts to date have influenced seedling abundance, this does not mean that 

management is failing to improve oak forest condition. Given the uncertainty remaining 

after the preliminary analysis, adaptive management may be appropriate. Although 

adaptive management requires substantial planning and resources for implementation, the 

ultimate success of management may depend on learning how to improve the 

effectiveness of conservation efforts. Indian Cave State Park is perhaps the best place to 
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try an adaptive management approach to oak conservation in southeastern Nebraska 

under the Nebraska Natural Legacy Project. Our study provides a starting point for 

implementing adaptive management by having already included managers and 

conservation planners in the process, developed a monitoring protocol, modeled multiple 

management hypotheses, and provided baseline data for comparisons over time.   
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Figure 5-1. Boxplot of oak seedling abundance within 4-m radius plot for 360 locations 

sampled at Indian Cave State Park in southeastern Nebraska.  
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Figure 5-2. Boxplot of the number of large oaks within 10-m radius plot for 360 locations 

sampled at Indian Cave State Park in southeastern Nebraska. 
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Figure 5-3. Boxplot of the number of small trees within 10-m radius plot for 360 

locations sampled at Indian Cave State Park in southeastern Nebraska. 
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Figure 5-4. Scatterplot showing the degree of correlation between the number of large 

oaks and the number of small trees within the 10-m radius plots for 360 locations 

sampled at Indian Cave State Park in southeastern Nebraska. 
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Figure 5-5. Plots of the relationships between the categorical covariates (times burned 

pre-germination, total times burned, and edge) and numerical covariates (number of large 

oaks, number of small trees). The results suggest that there are potentially important 

differences in central tendency and variability when examining covariates in the context 

of other covariates, which may impact effect estimates when included together in the oak 

seedling abundance models. 
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Figure 5-6. Plot of predicted oak seedling abundance based on the number of large oaks, 

using the top model (oak seedling abundance ~ number of large oaks). Dashed lines 

indicate the 95% confidence interval. The lines are not straight because the data is back-

transformed from the negative binomial generalized linear model. 
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Table 5-1. Burning within management units at Indian Cave State Park, southeastern 

Nebraska, can be classified as pre- and post-germination of oak seedlings following a 

major mast year. Managers are specifically interested if the number of times burned pre-

germination and/or the number of times burned total (pre- and post-) are related to the 

number of oak seedlings. The strong relationship between the numbers of times a unit has 

been burned pre- and post-germination makes it possible to identify how many times a 

site has been burned pre- and post- based on the number of times burned total (with an 

exception for burned once). Interpretation of the number of times burned total by 

combinations of times burned pre- and post-germination is presented in the table below, 

along with the frequency of sites in each times burned total category. For example, if a 

site has been burned a total of 5 times, then the site was burned four times pre-

germination and one time post-germination. 

 

Times burned 

total 

Combination of times burned 

pre- and post-germination 
Frequency of sites 

0 Never burned 51 

1 Burned once post- (except 1 site pre-) 35 

2 Burned once pre- and once post- 122 

3 Burned twice pre- and once post- 45 

5 Burned four times pre- and once post- 19 

6 Burned four times pre- and twice post- 88 
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Table 5-2. Model set of hypotheses about management and environmental variables 

related to oak seedling abundance at Indian Cave State Park, southeastern Nebraska. 

Following multimodel inference procedure, the AICc, delta AICc, and weights for each 

model are provided. Models are order from lowest to highest AICc, such that models 

towards the top of the list are better at explaining oak seedling abundance than models 

further down the list.  

 

Model Names AICc Delta AICc Weights 

Large Oaks 1935.88 0 0.33 

Large Oaks + Times Burned Pre-Germination 1936.91 1.03 0.2 

Large Oaks + Small Trees 1937.41 1.53 0.15 

Large Oaks + Small Trees +  

     Times Burned Pre-Germination 
1938.09 2.21 0.11 

Large Oaks + Small Trees * Times Burned 1938.23 2.35 0.1 

Large Oaks + Small Trees *  

     Times Burned Pre-Germination 
1939.12 3.24 0.07 

Large Oaks + Times Burned 1940.78 4.9 0.03 

Large Oaks + Small Trees + Times Burned 1941.97 6.09 0.02 

Small Trees * Times Burned 1978.59 42.71 <0.005 

Times Burned Pre-Germination 1980.89 45.01 <0.005 

Null 1982.69 46.81 <0.005 

Small Trees + Times Burned Pre-Germination 1982.87 46.99 <0.005 

Small Trees * Times Burned Pre-Germination 1983.43 47.55 <0.005 

Times Burned 1984.15 48.27 <0.005 

Edge 1984.66 48.78 <0.005 

Small Trees 1984.71 48.83 <0.005 

Small Trees + Times Burned 1986.14 50.26 <0.005 

 

  



198 

Table 5-3. Potential relationships between numerical covariates (number of small trees, 

number of large oaks) and categorical covariates (times burned pre-germination, times 

burned total, edge) and relationships among categorical covariates were examined. 

Poisson generalized linear modeling was used for count data and binomial modeling for 

edge data. Statistically significant effects at a 0.05 level (*) were detected in many cases. 

Small Trees ~ Times Burned Pre-Germination 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 3.314 0.021 160.15 <0.001 

1 Burn Pre-Germination* -0.364 0.029 -12.46 <0.001 

2 Burns Pre-Germination* -0.484 0.042 -11.61 <0.001 

4 Burns Pre-Germination* -0.633 0.033 -19.36 <0.001 

     

Small Trees ~ Times Burned 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 3.267 0.027 119.506 <0.001 

1 Burn* 0.097 0.042 2.334 0.020 

2 Burns* -0.315 0.034 -9.197 <0.001 

3 Burns* -0.438 0.045 -9.647 <0.001 

5 Burns* -0.643 0.068 -9.521 <0.001 

6 Burns* -0.574 0.039 -14.748 <0.001 

     

Large Oaks ~ Times Burned Pre-Germination 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 0.895 0.069 12.906 <0.001 

1 Burn Pre-Germination* 0.326 0.085 3.841 0.0001 

2 Burns Pre-Germination 0.135 0.113 1.193 0.2327 

4 Burns Pre-Germination* 0.197 0.089 2.216 0.0267 

     

Large Oaks ~ Times Burned  

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 0.612 0.103 5.929 <0.001 

1 Burn* 0.595 0.139 4.298 <0.001 

2 Burns* 0.610 0.114 5.342 <0.001 

3 Burns* 0.418 0.136 3.068 0.002 

5 Burns 0.228 0.183 1.25 0.2114 

6 Burns* 0.528 0.120 4.419 <0.001 
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Table 5-3. Continued 

Edge ~ Times Burned Pre-Germination 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* -1.245 0.260 -4.783 <0.001 

1 Burn Pre-Germination -0.585 0.369 -1.586 0.113 

2 Burns Pre-Germination -1.082 0.585 -1.85 0.064 

4 Burns Pre-Germination* -1.414 0.470 -3.01 0.003 

     

Edge ~ Times Burned 

 Estimate  Std. Error z value Pr(>|z|) 

(Intercept)* -0.972 0.314 -3.097 0.002 

1 Burn -0.604 0.547 -1.103 0.270 

2 Burns* -0.919 0.413 -2.226 0.026 

3 Burns* -1.355 0.611 -2.22 0.026 

5 Burns -1.168 0.811 -1.441 0.150 

6 Burns* -1.838 0.557 -3.298 0.001 

     

Large Oaks ~ Edge 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 1.145 0.032 35.931 <0.001 

Edge* -0.541 0.112 -4.814 <0.001 

     

Small Trees ~ Edge 

 Estimate Std. Error z value Pr(>|z|) 

(Intercept)* 2.947 0.013 227.514 <0.001 

Edge* 0.158 0.034 4.708 <0.001 
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Table 5-4. Model averaged covariate effect estimates averaged over the full set of models 

(Table 5-2) with upper and lower bounds of the 95% confidence interval. Beyond the 

intercept, the number of large oaks is the only covariate for which the 95% confidence 

interval does not include 0.  

 

Covariate Estimate 2.5% 97.5% 

(Intercept) 0.8502 0.2260 1.4744 

Large Oaks 0.1736 0.1316 0.2156 

Times Burned Pre-Germination = 1 * Small Trees 0.1318 -0.2858 0.5495 

Times Burned Pre-Germination = 2 0.1405 -0.3589 0.6399 

Times Burned Pre-Germination = 4 0.0648 -0.3339 0.4635 

Small Trees 0.0042 -0.0124 0.0208 

Times Burned = 1 0.1133 -0.5823 0.8089 

Times Burned = 2 0.1117 -0.4981 0.7215 

Times Burned = 3 0.1311 -0.5962 0.8584 

Times Burned = 5 0.1980 -1.0017 1.3976 

Times Burned = 6 0.1036 -0.5206 0.7278 

Small Trees * Times Burned = 1 -0.0032 -0.0238 0.0174 

Small Trees * Times Burned = 2 -0.0017 -0.0140 0.0106 

Small Trees * Times Burned = 3 -0.0030 -0.0226 0.0167 

Small Trees * Times Burned = 5 -0.0132 -0.0941 0.0678 

Small Trees * Times Burned = 6 -0.0034 -0.0258 0.0191 

Times Burned Pre-Germination = 1 * Small Trees -0.0004 -0.0057 0.0050 

Times Burned Pre-Germination = 2 * Small Trees -0.0011 -0.0118 0.0096 

Times Burned Pre-Germination = 4 * Small Trees -0.0019 -0.0182 0.0143 

Edge = 1 0.0000 0.0000 0.0000 
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CHAPTER 6: CONCLUSION 

 

Uncertainties and conflicting values are prevalent in complex social-ecological 

systems and can make it challenging to determine appropriate natural resource 

management policies. To help managers proceed in the face of these challenges, a 

number of perspectives and tools have been advanced over the past forty years. 

Approaches include resilience thinking, structured decision making, adaptive 

management, and optimization. Combining the benefits of these various, and inherently 

related, management perspectives and tools may further improve our ability to implement 

the social-ecological systems paradigm.  

Resilience thinking emphasizes the potential for non-linear transitions into 

alternative stable states and proposes principles for increasing a social-ecological 

system’s capacity to handle disturbances. A structured decision making process can help 

managers reach transparent, defensible decisions by articulating problems, incorporating 

stakeholder values, describing consequences, and representing uncertainty. Adaptive 

management, itself a type of structured decision making, can improve efforts for iterative 

decisions by learning through deliberate monitoring, review, and adjustment. 

Optimization is a tool for identifying optimal policies for a given characterization of the 

system, including system dynamics and objectives. 

In this dissertation, I have attempted to link resilience thinking and structured 

decision making as a framework for natural resource management, using oak forest 

conservation in southeastern Nebraska as a case study. Integrating resilience thinking into 

the structured decision making process should generate transparent natural resources 
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management decisions that defensibly account for the lessons of resilience thinking. 

Chapter 2 discusses how structured decision making can emphasize principles of 

resilience thinking. Chapter 3 demonstrates how optimization can identify policies using 

a Markov decision process reflecting elements of resilience thinking. Chapter 4 provides 

a practical method for incorporating adaptive management projects into State Wildlife 

Action Plans. Chapter 5 presents an initial effort to reduce uncertainty for oak forest 

conservation in southeastern Nebraska. In the following sections, I discuss (1) 

management implications for oak forest conservation in southeastern Nebraska, (2) 

general challenges and limitations that cannot be resolved by incorporating resilience 

thinking into structured decision making, (3) methods for improving the framework, and 

(4) some concluding remarks. 

 

1. MANAGING INDIAN CAVE STATE PARK 

 Oak forest conservation is used as a case study throughout the dissertation, with 

most chapters specifically discussing management of Indian Cave State Park in 

southeastern Nebraska under the Nebraska Natural Legacy Project. I present an example 

of how resilience thinking could be incorporated into a structured decision making 

process for oak forest management at Indian Cave State Park. I use a Markov decision 

process model to depict hypotheses about: (a) the risk of transitioning out the oak-

attracted state, (b) consequences of management actions, and (c) stakeholder values. I 

provide a method for identifying questions to address through adaptive management and 

outline a potential adaptive management project for Indian Cave State Park. Lastly, I 

offer a set of hypotheses related to oak seedling abundance at Indian Cave State Park, 
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identify the number of large oaks as a driver, and suggest ways to further reduce 

uncertainty. I now discuss how managers and conservation planners could translate my 

recommendations and examples into a realizable management plan for Indian Cave State 

Park.   

In Chapter 2, I describe hypothetical results of a structured decision making 

process that incorporates resilience thinking. In actual application, the problem step 

should be expanded by discussing the system history with stakeholders and explicitly 

describing what is and is not within control of the group. The objectives should be 

selected by the group, being sure to consider general resilience and larger Nebraska 

Natural Legacy Project goals. In addition, learning should be considered as an objective, 

given the Nebraska Natural Legacy Project’s desire to use adaptive management. The 

example set of alternatives is based on previous practices (e.g., prescribed burning and 

thinning). Structured decision making encourages creative thinking, so managers should 

contemplate whether there are other possibilities. The consequences need to be described 

in detail based on the best available information, with uncertainty explicitly represented. 

Tradeoffs should be made with a deeper understanding of risk tolerance and the value of 

learning.  

Decisions about monitoring and review should be made based on the key 

uncertainties, the implications of uncertainty, the anticipated value of learning, and a 

realistic assessment of the availability of resources. Chapter 4 presents ways of 

determining when and how to use adaptive management for State Wildlife Action Plans, 

generally, and includes a draft adaptive management plan for Indian Cave State Park. The 

example does not explicitly incorporate resilience thinking, but planners could use the 
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information in Chapter 2 to do so. Designing a practical project with a reasonable chance 

of success would require: (1) involving the right people (the Nebraska Natural Legacy 

Project conservation planners have already established a working group from a subset of 

stakeholders), (2) prioritizing uncertainties (which informally occurred by identifying oak 

seedling abundance as an important management concern (Chapter 5)), (3) representing 

hypotheses with models (discussed shortly), (4) choosing how to learn, (5) setting 

standards for convincing evidence, (6) making the project happen (an initial study of oak 

seedling abundance has occurred, but further study is needed to determine management 

effects), (7) keeping the project going, and (8) deciding when to assess the project.   

The Markov decision processes in Chapter 3: (a) represent a quantified resilience-

based state-and-transition model, (b) describe transition probabilities as influenced by 

management actions, (c) depict resilience thinking assumptions about the consequences 

of specific actions, and (d) incorporate resilience objectives into the reward function. 

Optimization was used to help make tradeoffs by determining the state-based policy 

expected to achieve the greatest value given probabilities of state transitions, the 

desirability of states, and management cost. Planners can use this Markov decision 

process optimization approach to determine the specifics for the state-based alternatives 

of Chapter 2. Uncertainty about aspects of the Markov decision process can be 

incorporated by developing multiple models.  

The Markov decision process models of Chapter 3 are highly simplified (e.g., the 

reward function does not clearly address all the objectives in Chapter 2) and estimates are 

not based on data. For the models to be useful for decision making, the defining 

characteristics of each state need to be precisely described, such that it would be possible 
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to designate units as existing in one of the states. The forest inventory data (Chapter 5) 

available on tree species composition and size could be used to begin identifying forest 

states present on the landscape. In addition, the models must be credible and describe 

consequences in terms of the selected objectives and alternatives. Credibility can be 

achieved by applying the best available information and having open communication 

between experts and decision makers. Communication enables inclusion of the relevant 

objectives, alternatives, and consequences, and allows decision makers to make the 

necessary value judgments. Chapter 3 highlights the importance of these judgments by 

demonstrating sensitivity to model parameters. Given present data limitations for Indian 

Cave State Park, models would need to be heavily assumption-based initially, with 

multiple models used to represent the range of hypotheses expressed by experts and 

decision makers. Monitoring data collected in future surveys could be used to revise 

transition probabilities. 

In contrast to the Markov decision process models, the models of Chapter 5 relate 

to one particular aspect of the oak dominance objective, namely the abundance of oak 

seedlings. Instead of describing forest state changes across time, these models explore 

what variables (including management actions) are correlated with the number of oak 

seedlings for one snapshot in time (seedlings of summer 2014). However, the models can 

be used to make assumptions about how the system will change over time (e.g., if 

burning was correlated with high numbers of oak seedlings, burning the park should 

increase the number of oak seedlings over time and thus increase resilience of the oak-

attracted state). The study of Indian Cave State Park revealed that the number of large 
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oaks is related to oak seedling abundance. Management effects were not detected and 

future data collection is needed to elucidate whether management is having an impact.  

One important concern is whether there is an ability to conduct monitoring and 

subsequently review the data. An initial inventory was conducted (Chapter 5), but 

additional monitoring is needed for adaptive management at Indian Cave State Park. 

Given sufficient monitoring and review capabilities, the state park is a prime candidate 

for an adaptive management project as part of the Nebraska Natural Legacy Project. 

Indian Cave State Park contains a large portion of Nebraska’s oak forest communities, is 

home to wildlife and plant species targeted by state conservation planners, has 

experienced oak forest managers, and has management flexibility. By comparing 

observations to predictions made by multiple models (like those of Chapter 3 or Chapter 

5), adaptive management could reduce uncertainty about management effects on oak 

seedling abundance, or other management-relevant uncertainties. Building from the 

structured decision making examples of Chapters 2 and 4, and employing the modeling 

approaches of Chapters 3 and 5, Indian Cave State Park managers and conservation 

planners can develop an adaptive management plan for maintaining resilience in their oak 

forest social-ecological system.  

  

2. GENERAL CHALLENGES AND LIMITATIONS 

The framework presented here explores how resilience and structured decision 

making (including adaptive management) can be practically applied. However, 

implementation will likely still be challenging. Understanding the limitations of the 

approach is necessary to establish reasonable expectations about what can be achieved. 
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The framework cannot prevent that: (a) decision making occurs as part of a governance 

structure, (b) tough value judgments need to be made, (c) monitoring and review are 

difficult, and (d) demonstrating successful increases in resilience (particularly general 

resilience) may be impossible.  

 Structured decision making does not determine the underlying governance 

structure, such as who the decision makers are and whether decision makers are 

accountable to stakeholders. The governance structured may be predetermined (e.g., set 

by federal or state mandates) or may need to be developed (e.g., establishing a group 

charter), but in either case this must be done prior to the decision making process. 

Dissatisfaction with how the decision will ultimately be made is a source of conflict that 

cannot be addressed through the framework.  

While structured decision making offers constructive ways of separating conflicts 

over values (what people care about) from disagreement about facts (potential actions, 

hypothesized consequences), the process does not eliminate the need to make tough 

choices about how tradeoffs are made, including how uncertainty and risk are addressed. 

For example, managers may have to decide if intensive, costly management is justified if 

there is uncertainty about how management is influencing resilience. Choosing what and 

how to monitor and review can be especially challenging; on the surface learning while 

doing sounds simple and worthwhile, but the realities of resource limitations and 

uncertain returns (in terms of how much will actually be learned and whether the 

knowledge will influence management practices) can make monitoring and review 

difficult to efficiently design and implement.  
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If and how resilience can be measured is a source of debate and has implications 

for assessing achievement of a general resilience objective. I avoided the issue by 

assuming that the principles of resilience proposed in the literature were sufficient for 

assessing general resilience, when used to create sub-objectives as described by 

constructed performance measures. This approach is useful for comparing among 

alternatives, but does not provide a means for directly observing changes in resilience 

over time. Even if an initial decision is reached based on assumptions about the principles 

of resilience, debate over the tradeoffs between steady, predictable resource delivery and 

natural variability is likely to arise when the project is later assessed for achievement of 

objectives.  

 

3. IMPROVING THE FRAMEWORK 

Future work is needed to refine and test the framework for synthesizing resilience 

thinking and structured decision making in social-ecological systems. One method for 

improving the framework would involve asking experts in a particular approach (e.g., 

resilience thinking or decision analysis) to examine the process. The experts would 

review whether (a) their approach is accurately represented and (b) the unfamiliar 

approaches are understandable. Another method would be to ask natural resources 

managers to consider if and how their decision making would be different if they used the 

framework. The framework could be tested by conducting workshops. Multiple groups 

could go through a given case study using the framework to see where difficulties arise 

and how the results differ between groups. Workshops could also be used to compare 

decisions and stakeholder satisfaction between frameworks (e.g., structured decision 
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making without resilience thinking; resilience thinking without structured decision 

making; ad-hoc decision making) to explore the benefits of applying a particular 

approach over another. Ultimately, a framework meant for application must be tested 

through implementation. The usefulness of the framework is based on how well it 

generates decisions that lead to better natural resources management outcomes than 

would have been achieved under traditional decision making approaches.  

 

4. CONCLUDING REMARKS 

In the introduction, I argued that we must find ways to transcend the discussion of 

the benefits of a complex social-ecological systems paradigm into actually making 

informed, defensible decisions under difficult circumstances. I believe developing a 

management framework that builds upon structured decision making and explicitly 

incorporates resilience thinking is a necessary step toward increasing our ability to 

implement the paradigm. To this end, I provide recommendations for the practice of 

natural resource management and present ideas that can hopefully foster conversations 

between scholars, technical experts, policy makers, and stakeholders regarding how to 

address complex management issues. Further progress at the interface of social-

ecological systems theory and natural resource management practice will help us enhance 

the resilience of desirable system states, so that we continue to receive ecosystem goods 

and services into the distant future.  

 


