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ABSTRACT

Jennifer Kwasny Costnza:Conservation of the longleaf pine ecosystem: ecology and
social context
(Under the direction of Aaron Moody)

Worldwide, ecosystems arancreasingly influenced by human actions and land
use. As a result, landscapes include a mosaic of human land uses along with fragments
of relatively natural habitat. Effective conservation requires a consideration of both
local sites and the broader socisand ecological landscape in which they occur.
Partnerships among multiple landowners have become a popular way to implement
conservation across broad extents because they can be effective at integrating
ecological goals with their social context. My resgch examines how collaborative
partnerships conduct conservation in the longleaf pine ecosystem of the US southeast.
Longleaf pine communities provide important habitat for many plants and animals, and
when frequently burned, can have among the highestvels of plant diversity of any
ecosystem in the world. However, the ecosystem has become severely degraded, and

several collaborative partnerships have been established with the goal of restoring the

ecosystem.

My research investigates the relationship beteen local sites and their ecological
and social contexts, and the collaborative partnerships that implement longleaf pine
ecosystem conservation. First, | examine the relationship between metrics of landscape

heterogeneity and local plant species diversit | then synthesize the strategies used by



three collaborative partnerships in the conservation of longleaf pine ecosystems.
Finally, | investigate how decisions are made about prescribed burning, a major

management tool for restoring the longleaf pine easystem.

My results illustrate that heterogeneity in environmental variables measured
across a range of scaléis related to local plant diversity, suggesting that incorporating
broad-scale context into conservation efforts in the longleaf pine ecosysteis
important. In addition, a focus on longerm ecosystem sustainability drives the
strategies used by successful collaborative partnerships in the longleaf pine ecosystem.
However, decisions made by prescribed burn practitioners are rislaverse, and tendo
burn sites in good condition, located away from developed areas. Thus, prescribed
burning is less likely to accomplish restoration of degraded sites. Finding ways to
alleviate the risks associated with burning degraded sites will be crucial for ecosysh
restoration. Taken together, my results provide guidelines that will be useful for
informing collaborative partnerships and restoring the critically endangered longleaf

pine ecosystem.
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CHAPTER 1

INTRODUCTION

Background and aim of dissertation

Worldwide, ecosystems are increasingly influenced by human actions and land
use. As a result, landscapes include a mosaic of human land uses, with fragments of
relatively natural habitat. Because ecological processes occurring locally are influenced
by processes that operate across larger extents, effective conservation requires a
consideration of both local sites and the broader social and ecological landscape in
which they occur. For example, the configuration of habitats, along with the intensity of
human land uses in a landscape, helps determine which plant or animal species are able
to disperse to any given habitat patch (Turner et al. 2001).

As the importance of ecological processes across large scales has become
apparent, ecosystem management has beme a dominant paradigm for achieving
broad-scale conservation over the last twenty years (Meffe et al. 2002, Yaffee 1999).
Rather than focusing on traditional single species or resourelbased approaches,
ecosystem management takes a holistic viewpoint, cegnizing the complexity of
ecological processes situated within their social and ecological contexts at broad
extents (Christensen et al. 1996).

One way to conduct ecosystem management is via collaborative partnerships
among public agencies, private orgazations, and other stakeholders aimed at

conservation (Wondolleck and Yaffee 2000). Numerous collaborative conservation



partnerships have been established across the United States (Keough and Blahna 2006,
Doyle and Drew 2008). For instance, conservatiosis and ranchers in the western US
have been able to preserve habitat while improving commodity production by working
collaboratively toward a common vision of protecting open spaces (Keough and Blahna
2006). In several partnerships in the eastern US, tHeepartment of Defense has played
a crucial role in restoring the longleaf pine ecosystem, while the land managed by the
agency has also been used to support military training and human recreation
(Rosenzweig 2003). These partnerships are becoming increagly important ways in
which to address conservation goals across broad extents as the human population
grows and habitat becomes more fragmented. Collaborative partnerships have been
successful at accomplishing ecosystetinased conservation because they oabe

effective at integrating ecological goals with their social context (Keough and Blahna
2006). Thus, while collaborative partnerships often aim to conserve and restore
individual sites, they also implement strategies that affect the broader ecologicahd
social context of these sites. Their management decisions are, in turn, affected by-site
level characteristics and social and ecological characteristics of the surrounding
landscape (Stankey et al. 2005).

This dissertation aims to examine the links amng ecological processes at local
sites, their broader context, and the collaborative partnerships that conduct ecosystem
conservation (Figure 1.1). My research addresses the following general questions:

1. How and at what scales can the influence of the swunding ecological and

social landscape on local sites be detected? (Chapter 2)



2. What strategies do successful collaborative conservation partnerships employ to
affect conservation objectives addressing sitéevel conditions as well as the
social and ecologcal context of sites? (Chapter 3)
3. How do sitelevel conditions and the context of sites influence the ecosystem

management decisions of collaborative partnerships? (Chapters 4 and 5)

| address my research questions in the context of conservation of thenigleaf
pine ecosystem in the Southeast US. The longleaf pine ecosystem is an important
conservation target. This ecosystem provides essential habitat for a diversity of plant
species and several endangered animal species (Van Lear et al. 2005). When featy
burned, longleaf pine ecosystems have among the highest number of plant species at
small scales of any ecosystem in the world (Peet and Allard 1993). Due to widespread
timber harvesting and fire suppression, the ecosystem has been severely degradcett
fragmented, reducing this forest type to a mere 2% of its pr&uropean settlement
range (Frost 2006). As a result, many species that depend on longleaf pine habitat have
declined (Van Lear et al. 2005). This decline has prompted Noss et al. (1995) to
AAOCGECT AOGA OEA AAT OUOOAT AO OAOEOEAsédel U AT AAIT
restoration involving prescribed burning (Landers et al. 1995, America's Longleaf
2009). Several collaborative conservation partnerships have been established with the
aim of large-scale restoration of the longleaf pine ecosystem.

Because the longleaf pine ecosystem now occurs as fragments within landscapes
that contain multiple human land uses, it is an ideal system for studying the process of
ecosystem management. In pécular, my research addresses three fundamental issues

in ecosystem management, specifically considering conservation as a collaborative



process. These issues are each relevant to a different stageatiaboration, from setting
objectives, to determining strategies that will accomplish those objectives, to
implementing those strategies. First, in order to achieve conservation goals locally,
partnerships must know how and at which scales they should focus their efforts in the
broader landscape. Affectinghe wrong processes or focusing at inappropriate scales
can lead to wasted time or resources for partnerships (Meffe et al. 2002). My research
examines the precise scales at which the surrounding landscape influences ecological
processes at local sites, ahmore clearly establishes the link between local sites and
their social and ecological contexts. The result gives conservation partnerships better
information about where and how to focus their broadscale efforts.

Second, after establishing conservationbjectives, it is important to know which
strategies may be most effective for accomplishing those objectives, and which will
ensure longterm sustainability of ecosystems. My research investigates the strategies
used by successful partnerships and offers set of guidelines that will inform
partnerships about which strategies to implement. Finally, even when the strategies for
implementing ecosystem management have been established, implementing them can
be challenging. Managing complex ecosystems inhetgninvolves risk and uncertainty,
and failing to acknowledgerisk may make it difficult to accomplish management
objectives. This, in turn, can lead to further ecosystem degradation (Stankey et al.
2003). My research examines how the characteristics oftes and their location within a
landscape influence management decisions in collaborative partnerships and sheds
light on which factors contribute to risk. Thus, my research results in solutions for

implementing ecosystem management strategies.



Chapter summaries

Each of my dissertation chapters addresses one or more links among local
ecological processes, their social and ecological context, and the efforts of collaborative
conservation partnerships in the longleaf pine ecosystem (Figure 1.1). In chapterl2,
consider the link between local plant communities and broagcale ecological and social
factors in the Southeast Coastal Plain ecoregion. When trying to detect the effects of
large-scale processes on local communities, it is often difficult to know whicvariables
to use and at which scales to measure them. Using data from a variety of vegetation
types in the region, | explore the relationship between local plant species richness and
multiple scales of heterogeneity measured with multiple variables. Becae the
Southeast Coastal Plain contains a high level of plant diversity and endemism (Sorrie
and Weakley 2001), local plant species richness is an important ecosystem
conservation target there. | show that the best predictor of local plant species richnes
depends on spatial extentln particular, at the largest spatial extent measured,
heterogeneity of land cover predicts plant species richness better than plant
productivity and elevation, and longleaf pine communities occur in regions with the
most heterogeneity in land cover. The regional scale in this analysis covered extents of
38,000 ha to 705,000 haapproximately the scale of a watershed or landscapeThe
correlation between regional heterogeneity and local richness indicates that
conservation effats must consider the larger landscape when aiming to conserve local
sites. The results of this study could help collaborative partnershipsvho work at
similar scalesbetter determine how to focus their efforts, and underscore the

importance of broad-scaleecological and social context to local ecological processes.



Once partnerships determine which conservation objectives are important, they
must determine which strategies to use to accomplish their objectives. In chapter 3, |
examine the strategies used Y collaborative partnerships in the longleaf pine
ecosystem. | present the results from interviews of participants in three collaborative
partnerships in the ecosystem. | show how the fire management strategies used by
these three partnerships relate to lmgleaf pine conservation objectives on individual
sites and across regions. Each of these strategies helps to facilitate adaptive
management on existing conservation lands and affects the larger landscape context. In
particular, they all help alleviate thebiggest challenge for conservation and restoration
in the longleaf pine ecosystem: how to conduct prescribed burning at ecologically
significant scales.

In chapters 4 and 5, | investigate how sitéevel characteristics and the ecological
and social conéxt of sites affect decisions about ecosystem management of longleaf
pine. In particular, | determine how stakeholders in a collaborative conservation
partnership make decisions about prescribed burning. In these two chapters, | focus on
the Onslow Bight,a region on the coastal plain of North Carolina where a partnership
has been established for longleaf pine conservation. The region contains a mix of land
uses, including rural residential, protected areas, and commodity producing lands.

In chapter 4, | tse surveys of stakeholders in the Onslow Bight to determine
which criteria they use to prioritize sites for prescribed burning across the region. |
show that prescribed burn practitioners are riskaverse, and tend to focus on sites in
good condition, locaed away from developed areas. In chapter 5, | use statistical

models to relate the priority criteria to actual management activities in the Onslow



Bight. | use records of recent prescribed burns from Onslow Bight management
agencies to show how a suite adcological and norecological factors are related to
prescribed burning activity. | extend the findings of chapter 4 to show explore the
interaction between the time since a site was last burned and its distance from
development: for sites that had not buned in four or more years, burning increased
with distance from developed areas. The results from these two chapters indicate that
both site-level factors and the configuration of social and ecological factors in the
landscape influence management decisian

In chapter 6, | synthesize the results from each chapter and discuss how my
research contributes to the field of conservation biology. then suggest future
directions for study of the ecological and social contexts of conservation, based on my
work. Finally, | discuss the implications of my work to conservation partnerships in the
longleaf pine ecosystem, and other ecosystemBaken together, my research provides
specific guidelines that will be useful for protecting and restoring critically endanger

longleaf pine habitat.
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Figure 1.1: Overall framework for ecosystem conservation, which guides the research in
this dissertation. Local sites exist within and are influenced by social and ecological
context. Collaborative partnerships work directly tomaintain and restore local sites, as
well as to influence the broader context of sites. The ability of collaborative

partnerships to accomplish conservation goals are, in turn, affected by both the
condition of local sites and their context. Numbers indid@ chapters that explicitly
address the linkages among collaborative partnerships, local sites, and their context.
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CHAPTER 2

MULTI-SCALE HABITAT HETERGENEITY AS A PREDICIR OF PLANT SPECIES
RICHNESS ON THE SOUWIEAST COASTAL PLAINJSA
Abstract
Regional assessments of biodiversity increasingly rely on modeled relationships

between multi-scale environmental variables and local species data. Because ecological
theory predicts a positive influence of local, landscape, and regionalscalespatial
environmental heterogeneity on local species richness, metrics that quantify
heterogeneity could be important for assessing biodiversity. However, more
information is needed regarding how heterogeneity is best measured. | took a
modeling approachto determine whether metrics of heterogeneity measured locally
and at larger scales are useful predictors of local species richness. Local plant species
richness data came from 150 vegetation plots in the Southeast Coastal Plain, USA. At
each of four sales, | used either GIS or field data to derive three classes of
heterogeneity variables: abiotic factors, plant productivity measures, and locations of
vegetation communities. | related those variables to pletevel plant species richness
using univariate mixed effects models to determine the best heterogeneity metric at
each scale. | then used Markov chain Monte Carlo sampling to fit models that
incorporated measures of heterogeneity at multiple scales. When comparing univariate
models using all predic¢ors at all scales, | found that mean pH within plots was the best

predictor of plant species richness. However, at scales larger than within plots,



heterogeneity metrics were better predictors than means, and each of the three classes
of variables | usedhad a distinct scale at which it performed better than the others.
Furthermore, two measures of heterogeneity were significantly different on average for
longleaf pine communities, which are important conservation targets in the region, than
for other communities. These results suggest that when processes occurring at scales
larger than vegetation plots need to be incorporated in regional assessments of
biodiversity, heterogeneity metrics are potentially important predictors of local plant

species richness.

Keywords
Carolina Vegetation Survey, elevation, land cover, productivity, landscape scale,

regional scale

Introduction

Ecological theory predicts that spatially varying environments allow more
species to coexist locally than homogenous environment&nvironmental
heterogeneity can influence local diversity through mechanisms acting at different
scales (Ricklefs 1987, Snyder and Chesson 2004, Shmida and Wilson 1985). For
example, local variation in resource availability leads to the avoidance of coreiitive
exclusion, allowing more species to coexist (Snyder and Chesson 2004, Chesson 2000).
Within a landscape, spatial variation in the composition or configuration of vegetation
can lead tospatially structured metapopulations, which can influence locgpopulation

persistence via mechanisms such as soursnk dynamics and the rescue effect
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(Pulliam 1988, Brown and KodricBrown 1977). Greater regional heterogeneity
increases the size of the regional species pool, or the species that are available to
colonize a given local area. Despite the fact that theory predicts a positive influence of
environmental heterogeneity at each of these scales on local species richness, few
studies have fully investigated this relationship across multiple scales. My study
integrates data collected within vegetation plots using GIS and remotely sensed
variables in order to examine the relative contribution of heterogeneity at local,
landscape, and regional scales to local plant species richness in the Southeast US.

Relatingheterogeneity measures to species richness has particular relevance to
conservation. Models that relate species richness to continuous variables are important
tools for assessing biodiversity across large extents. Continuous variables can provide
more information about the processes responsible for biodiversity than other
approaches such as indirect mapping of biodiversity via habitat classification, which
ignores variability within habitats (Nagendra 2001). In addition, models using
continuous variables allow direct application of the continuum concept of ecology, in
which species and their assemblages sort along gradients (Austin 1999). Therefore, itis
worth examining how various types of heterogeneity relate to local species richness,
and in particular whether heterogeneity measures can be useful in distinguishing
speciesrich communities within a region.

Thus far, little work has been done to determine which heterogeneity variables,
measured using which metrics at which scales are relevafdr modeling species
richness. Measures of local heterogeneity often come from field data within or near the

sites where species richness is sampled and is measured terms of variation in resource



availability or vegetation structure (Gould and Walker 1997, Daviest al. 2005). Across
landscapes, heterogeneity is often measured in terms of variation in land cover or
vegetation productivity. Palmer et al. (2002) proposed that variation in the spectral
properties of remotely sensed images should be related to spesirichness. A suite of
image texture metrics (StLouis et al. 2006) can be used to characterize variability in
vegetation productivity across a landscape. Regional heterogeneity is most often
characterized in terms of topographic, climate or land coverariation and is often
summarized within the boundaries of ecoregions (Kerr et al. 2001). For each of these
scales and variables, heterogeneity has been measured using a variety of metrics,
including standard deviation, variance, and coefficient of varteon.

In this study, | used data from vegetation communities sampled on the Coastal Plain
of North and South Carolina (NC and SC), USA, to examine the relationship between
local plant species richness (within 20 x 20 vegetation plots) and measures of
heterogeneity. | characterized heterogeneity in terms of the variability of vegetation
structure, the variability of abiotic environmental variables, and community diversity at
each of four scales. For each vegetation plot, | measured heterogeneity in terrhs o
these variables within the plot, within habitat patches, across habitats, and across
regions. For each environmental variable, | computed the same suite of indices at each
scale to allow comparison among variables and among scales. Specifically, | asked

1. Are measures of heterogeneity measured locally, as well as at larger scales,

useful for predicting local plant species richness?

2. Which heterogeneity variable at each of these scales is the best predictor of plant

species richness?
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| hypothesize thatheterogeneity measures at all scales are useful predictors of local
species richness, and all heterogeneity measures will be positively correlated with local
plant species richness. Because at any given scale, the ecological processes influencing
local species richness differ, | predict that the heterogeneity metric most local related to

species richness will differ for each scale examined here.

Methods
Study Area

The Southeast Coastal Plain provides a good context in which to study the
relationship between habitat heterogeneity and plant species richness. The region is
home to a rich diversity of plant species, including a large number of endemics (Sorrie
and Weakley 2001). A variety of plant communities exist there as well, including
longleaf pine savanas and flatwoods, pocosins, bottomland hardwood forests, and tidal
marshes. Vegetation on the coastal plain is highly influenced by soil characteristics and
elevation. Speciesich longleaf pine ecosystems occur on more sandy soils, while
pocosin vegetaion occurs where soil organic matter content is high. Subtle changes in
these soil characteristics as well as elevation and geographic distance can lead to large
variation in local plant species richness in the region (Christensen 2000, Peet 2006).

Longleaf pine ecosystems are important conservation targets in the region
(America's Longleaf 2009). These communities provide habitat for many plant and
animal species, including the federalhendangered Reecockaded Woodpecker
(Picoides borealisand can ontain among the highest levels of understory plant species

richness of any ecosystem in the world (Peet and Allard 1993). However, regional



vegetation maps based on classification of values in satellite imagery suffer from low
accuracy for longleaf pinecommunities (McKerrow 2006). Therefore, incorporating
measures of heterogeneity into models of plant species richness may be particularly

helpful for distinguishing and characterizing these diverse ecosystems.

Data

Species richness data

Speciesichness data came from 150 vegetation plots in NC and SC, in the Middle
Atlantic Coastal Plain ecoregion (Envonmental Protection Agency2004, Figure2.1).

Plot data are part of the Carolina Vegetation Survey (CVS) database, and were collected
between 1998 and 2007. CVS follows a consistent data collection protocol and is a leng
term effort to inventory and characterize the plant composition in the natural
communities of the Southeast (Peet et al. 1998). Plots in the database are located
throughout NCand SC, but are not uniformly distributed across the region (Figur21).
Plots in the CVS database vary in size, but all plots used here contain four intensively
sampled 10 m x 10 m quadrats, in which the identity of each vascular plant species has
beenrecorded and environmental data have been collected. | summed the total number
of plant species across the four quadrats as my measure of plant species richness.

Heterogeneity data

Heterogeneity was measured in terms of three types of variables: abiotic,
productivity, and vegetation community type. Each of these variables was measured at
four scales for each plot location: withirplot, within -habitat, neighborhood, and

regional (Table2.1). The only exception was that vegetation community heterogeneity
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was not measured within vegetation plots, because vegetation plots were explicitly
located in areas assumed to be representative of a single community type.

For within -plot heterogeneity measures, | used habitat data collected in CVS
vegetation plots. Within each of the four intensively sampled quadrats, a soil sample
was collected. Soil chemistry analyses were performed on the samples by Brookside
Laboratories, Incorporated, New Knoxville, Ohio. For my withiplot abiotic variables, |
used measuremets of soil pH and percent organic matter content taken from each
guadrat. In addition to soil metrics, the basal area of all stems greater than 2.5 cm dbh
was measured within each plot. | used the total basal area per quadrat, in units of.m
To calculae heterogeneity for the soil variables and basal area, | computed the
variance, standard deviation, range, and coefficient of variation (CV) of values among
guadrats in each plot.

To derive heterogeneity metrics at neighborhood, withirhabitat, and regioral
scales, | used data from GIS coverages of environmental variables. First, | delineated
the extents across which heterogeneity metrics would be calculated. To delineate
neighborhoods, | employed circular buffers surrounding each plot location, with radof
150 m, 450 m, and 1380 m, corresponding to areas of 7 ha, 64 ha, and 600 ha,
respectively. | chose these sizes because they approximate the neighborhoods
recommended by Riitters et al (2000) as appropriate scales for summarizing landscape
patterns. To delineate the within-habitat scale, | extracted all contiguous pixels mapped
as vegetation in the 2001 National Land Cover Database (NLCD, Homer et al. 2007) and
calculated heterogeneity within those vegetated areas only, using the same three radii

surrounding each plot location. To delineate regions, | used unique polygons within the
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level of division than Level IV ecoregions. There were 17 of these regional polygons
containing vegetation plots in my study area. These regions ranged from 380 kito
7050 km? (38,000 ha to 705,000 ha) in size, and had a mean area of 1821%{h82,100
ha).

| used three types of variables to measure heterogeneity from GIS and remotely
senseddata at within-habitat, neighborhood, and regional scales: elevation,
productivity, and land cover. | used a 1999 digital elevation model (DEM) from the
National Elevation Database to derive elevation data at all three scal@J.S. Geological
Survey1999). | used the Normalized Difference Vegetation Index (NDVI) as a measure
of productivity. NDVI is an ofterused index that has been shown to correlate well with
aboveground net primary productivity (Pettorelli et al. 2005). For within-habitat and
neighborhood scales, | used NDVI data from 14 Landsat images from the growing
seasons of 20062002 that had previously been mosaicked as part of the 2001 NLCD
land cover classification (Homer et al. 2004). Across ecoregions, | used NDVI from the
MODIS satellie platform (MOD13Q1, collection 5.0, NASA 2008). For each pixel in the
MODIS data, | calculated the mean NDVI value from all images from 2€2007.
Therefore, my measure of productivity at the regional scale represents an aggregate
that likely corresponds to longerterm persistent patterns of productivity. | used this
single mean image to extract heterogeneity metrics. Within the three sizes of habitat
patches and circular neighborhoods, as well as region polygons, | calculated the mean,
range, variance standard deviation, and coefficient of variation (CV) of all elevation and

productivity pixels. For land cover heterogeneity metrics, | used the 2001 Gap Analysis
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sensitive to rare cover types, and thus to classification errors in land cover data, than

other diversity indices (Nagendra 2002). Therefore, while land cover variety
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component of land cover diversity. The DEM, Landsat NDVI and GAP data have 30 m

resolution. MODISNDVI data have a resolution of 250 m.

Analysis

To examine the effects of single measures of heterogeneity on plant species
richness, | used linear mixed effects models. | fit random intercepts models using
maximum likelihood estimation with region as a andom effect. At each withirplot,
within -habitat, neighborhood, and regional scale, | fit a separate model for each
heterogeneity metric, as well as the mean. | also fit multiple regression models using
each heterogeneity metric together with the mean, &ith with and without interaction
terms. Within-plot, within -habitat, and neighborhood metrics were treated as level
predictor variables here, while regional metrics were leveR predictors. By grouping
the data into regions, these mixed effects modeiscorporate similarities among
vegetation communities sampled here in a more ecologically meaningful way than
would incorporating a measure of simple geographic distance.

| fit linear mixed effects models using normal distributions with both

untransformed and logtransformed species richness as the response, as well as
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generalized linear mixed models using Poisson distributions. | compared the results of
these three using AIC to determine which type was most appropriate for my species
richness data. Taompare these models, | scaled the AIC from the logrmal models to
the raw response for comparison. | fit all linear mixed effects models using the Ime
function in the nlme package (Pinheiro et al. 2009) in R (R Development Core Team
2009). | also fitgeneralized additive models (GAMS) to the species richness data using a
smoother for each predictor and examined the general shape of the relationship using
the mgcv package (Wood 2006) in R. Thus, | determined whether to model the
relationship as linearor to use a higherorder polynomial relationship in the linear
mixed effects models.

| used the approach of Burnham and Anderson (2002) to determine which
heterogeneity metrics predicted plant species richness for each variable at each scale.
For models wsing regional variables, | computed AlCc based on a sample size equal to
the number of regions (groups). | used an extra swof-squares Ftest to compare
models containing each of the heterogeneity metrics for each variable type at each scale
to the unconditional means model, which contains no predictors but still accounts for
structure in the data because data are grouped by ecoregion. | also used the Burnham
and Anderson approach to compare all heterogeneity metrics within a given scale to
determine which heterogeneity variable best predicted species richness for each scale.
To quantify the proportion of variation in the species richness data explained in each of
the univariate models, | calculated levell and level2 pseudcRe statistics from the

variance components of the mixed effects models (Singer and Willett 2003).
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Next, | examined the relative effects of level and level2 heterogeneity
measures together on plant species richness. Because the appropriate choice for
degrees of freedom in mixed #ects models is unknown, particularly when combining
parameters from different levels in the model, | took a Bayesian approach for this part
of my analysis. | used the arm (Gelman et 2010) package of R, which interfaces with
WinBUGS (Lunn et al. 2000 | used Markov chain Monte Carlo (MCMC) sampling to fit
mixed effects models with random intercepts containing local and regional variables.
My models had locally uniform priors for fixed effects and nofinformative priors for
random effects, and | samled for 10,000 iterations. This approach allowed me to
sample from the posterior distributions of ratios of levetl to level2 coefficients
occurring at different levels of a multilevel model. | used the best heterogeneity metric
for each variable, wheher level-1 or level-2, and combined it with a corresponding
metric calculated at the other level. Thus, the two predictors had the same units in each
model, and the ratio of levell to level2 coefficients corresponded to the relative
influence of the two predictors.

Finally, in order to examine whether the best heterogeneity predictors could be
useful in distinguishing longleaf pine communities from other areas, | separated
vegetation plots into two categories: those sampled in longleaf vegetation EN31
plots), and all others (N = 119). | performed atest to determine whether the means
were significantly different between the two sets of plots for the best heterogeneity

variables at each scale.
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Results

GAM s fitted to smoothed predictorssuggested linear relationships between
species richness and all of the metrics except mean withjplot pH. A quadratic
relationship was suggested for mean pH, so | used a quadratic term in all models
containing mean pH. | assumed a linear relationship bgeen plant species richness
and each of the other variables. In addition, my comparison of AIC among normal,-log
normal, and Poisson distributions indicated that the linear mixed effects model with
normal distribution and log-transformed species richnessvas most appropriate, so |
present results from those models here.

While the means of all variables measured within plots predicted richness better
than measures of heterogeneity, at larger scales, a heterogeneity metric was always a
better predictor of species richness than the mean in cases when the unconditional
means model was not selected (Tabl2.2). For 450 m and 1380 m withirhabitat
grains, heterogeneity metrics were the best predictors and better than the
unconditional means model for bothelev® ET 1T AT A . $6) 8 3EI POTI 1660
land cover predictor at all within-habitat grain sizes. None of the models incorporating
NDVI or land cover across neighborhoods were better than the unconditional means
model, but for elevation at all neighbohood grain sizes, heterogeneity metrics were the
best predictors of plant species richness. At the regional scale, the CV of elevation and
land cover variety were the best predictors and were better than the unconditional
means model, but none of the mods incorporating NDVI metrics across regions were
better than the unconditional means model. Multiple regression models combining the

mean and one heterogeneity metric were not better than univariate models in any case.
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| compared the best predictors witin each scale (Tabl@.3). Of all variables at
the within -plot scale, mean pH was the best predictor of species richness. Within
habitats, NDVI at 450 m was the best predictor and had a negative relationship with
species richness. Across neighborhoodde variance of elevation at 150 m was the
best predictor, and was positively related to species richness. Across regions, land
cover variety was the best predictor of plant species richness, and the relationship was
positive. A comparison of models usig these four predictors showed that mean within
plot pH was the best overall predictor of plant species richness. The variance of
elevation across a neighborhood with radius 150 m was the best overall heterogeneity
predictor.

Results from the MCMC analys show that the same type of heterogeneity had
varying effects at local and regional scales. Because the best measure of land cover
heterogeneity was regional land cover variety, | used a model combining that metric
with the same metric calculated in neghborhoods within 1380 m of plot locations. The
posterior distribution of the ratio of the coefficients for within-habitat and regional
heterogeneity in that model had a median of 0.90 and a 95% credibility interval below
1.00 (Figure2.3a). This indicats that on average for land cover, a oagnit change in
heterogeneity surrounding vegetation plots leads to the same change in species
richness as a 0.9aunit change in regional heterogeneity does. Therefore, regional land
cover heterogeneity has a greateinfluence on species richness than local land cover
heterogeneity. For the bivariate elevation model, | combined variance measured across
a 150-m radius neighborhood with regional elevation variance. The posterior

distribution of the ratio of level-1 to level2 coefficients has a median of 1.04, and a 95%



credibility interval greater than 1.00 (Figure 2.3b). Therefore, a onaunit change in
elevation locally nearly always has a greater effect on species richness than an
equivalent regional change. Findy, | combined standard deviation of NDVI in habitat
patches within 450 m from vegetation plots with regional NDVI standard deviation.
The posterior distribution of the ratio is highly skewed, with a median of 0.02, and a
credibility interval between 1.4 x 105 and 5.2 x 10 (Figure 2.3c). Thus, the ratio of
level-1 to level2 coefficients in this model is highly variable, probably because regional
NDVI heterogeneity is not a significant univariate predictor.

| conducted oneOE A A A 7-tdsts foEedt r s@nificant differences between
longleaf and nonlongleaf plots in the best heterogeneity variables: NDVI within
habitats, elevation across neighborhoods, and land cover across regions. Results from
the t-tests showed that NDVI heterogeneity measured within habitats was on average
significantly lower for longleaf plots than for nonlongleaf plots (Figure2.4a). There
was no significant difference in neighborhood elevation heterogeneity on average
among lorgleaf and nonlongleaf plots (Figure2.4b). However, mean regional land
cover heterogeneity was significantly greater for longleaf plots (Figur@.4c). On
average, longleaf plots had higer species richness (57.4 +/5.3 species) than non

longleaf plots (47.6 +/- 2.2 species, twesample t(41) = 1.70, p = 0.048).

Discussion
Ecological processes act at different scales to influence local species richness
(Shmida and Wilson 1985, Levin 2000). | investigated the relationship between local

plant species rchness and variables measured across a variety of spatial scales. At
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scales larger than vegetation plots, local plant species richness was related to
heterogeneity, and heterogeneity variables were significantly different between

longleaf pine and nonlongleaf communities. The strongest association between local
plant species richness and heterogeneity occurred at different scales for different
variables. Heterogeneity of NDVI, elevation, and land cover were the best predictors at
within -habitat, neighborhood, and regional scales, respectively. Overall, among all
variables at these three scales larger than plots, elevation heterogeneity across
neighborhoods was the best predictor of species richness, and the relationship was
positive.

Within vegetation plots, mean pH was the best predictor, and predicted species
richness better than any other variable or metric used in this study. Heterogeneity
likely matters at this scale (Chesson 2000), but the level of environmental variation
within plots may be toosmall to capture with the metrics and variables in this study or
with the precision recorded in the CVS database. The inherent characteristics of the
vegetation plots used in this analysis could account for the fact that within plots, the
means of variabés were better predictors than heterogeneity metrics. Because
vegetation plots were located to inventory sites that are characteristic of a single
vegetation community, variation in environmental variables within plots is likely
minimal.

Local plant spetes richness was most strongly associated with elevation
heterogeneity measured across neighborhoods. This result indicates that processes
occurring across neighborhoods have a greater effect on local species richness than

processes occurring within habitts or at regional scales. For example, greater



variability among habitats across neighborhoods could result in increased souresnk
dynamics among habitat patches, which act to maintain local population sizes via the
rescue effect (Pulliam 1988, Brown ad Kodric-Brown 1977). However, my results

show that variation in elevation across neighborhoods was not significantly different

for longleaf and nonlongleaf plots. On the Southeast Coastal Plain, different vegetation
communities result from subtle charges in elevation, and this variation can lead to
considerable differences in plant species richness and composition even within the
longleaf pine ecosystem (Peet 2006).

Land cover heterogeneity across regions showed a positive relationship with
local richness and had a greater influence on richness than land cover heterogeneity
within habitats. Regional land cover heterogeneity was significantly higher for longleaf
plots than all other plots. Ecologically, this relationship is likely due to the fact that
the Southeast Coastal Plain, speciegh longleaf pine communities generally exist in
smaller patches or in regions of higher habitat fragmentation while communities, such
as pocosins, that contain fewer plant species often still exist in large expase
(Christensen 2000). In addition, and cover likely relates to local plant species best
when measured across regions because the accuracy of digital land cover classifications
is highest when the data is summarized at large extents (Hollister et al. 2004

Within habitats, NDVI heterogeneity showed a negative relationship with species
richness. In fact, the dominant relationship for all heterogeneity variables measured
within habitats was negative (Table2.3). Furthermore, longleaf plots had significatly
lower values of within-habitat NDVI heterogeneity than all other plots. The negative

relationship is contrary to my hypothesis that the heterogeneityrichness relationship
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is positive at all scales. This relationship is likely a direct result of ¢hway in which
patches were delineated in this study. | delineated patches based on areas of
contiguous vegetation according to NLCD land cover data. Because relatively species
poor communities in the Southeast, such as pocosin, exist within larger ex=as of
vegetation, patch sizes for these vegetation types are likely higher. Consequently, there
is more potential for variation within these larger patches, and heterogeneity values
would be greater. Indeed, patch sizes surrounding plots with lower thaaverage values
of NDVI heterogeneity had a mean size of 30.4 ha, while plots with higher values of
NDVI heterogeneity had a mean patch size of 38.9 ha.

Compared to other plots examined here, those in longleaf pine communities
were on average higher in pecies richness and had significantly different values for
within -habitat NDVI heterogeneity and regional land cover heterogeneity. The
continuous nature of the heterogeneity variables are helpful for regional assessments
because they allow a determinatiorof the statistical distribution of environmental
conditions over which speciesrich longleaf communities are likely to occur. In contrast,
discrete habitat classifications do not allow such a determination. For example, longleaf
plots fall in a number ofland cover classes in the NLCD 2001 land cover classification
(Homer et al. 2007), all of which contain plots in other vegetation communities (Table
2.4). Woody wetlands, the class on which the majority of longleaf plots fall, also
contains the majority o other plots.

The results of this analysis are broadly consistent with, but extend the findings
of previous studies. Other studies have examined the relationship of heterogeneity

metrics measured at a single scale to species richness measured at the sanade. For
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example, across landscapes,-8buis et al. (2006) showed that variability in vegetation
productivity was related to landscapescale bird species richness. In addition, a study
by Kerr et al. (2001) showed that the variety of land cover acrosscoregions was an
important predictor of regional butterfly richness. Thus, my results showing the
importance of NDVI heterogeneity within habitats, and land cover heterogeneity across
regions correspond to those previous findings. However, while other stlies have

shown a relationship between local heterogeneity and local plant richness, | found no
significant relationship between richness and local heterogeneity in my study.

My results can be related to species pool theory, which states that there are
environmental and geographic factors that act at different scales to filter the total
species pool and determine local species composition and richness. Following the
terminology of Kelt (1995) and Belyea and Lancaster (1999), the ecological species
pool, o the species available to colonize any local area, is a subset of the total species
pool that has been filtered by dispersal constraints and the environment.
Heterogeneity measured across regions represents variability in the number of habitat
types within an ecoregion, and likely represents longeterm processes, such as soill
formation, that would also influence the total species pool in a region. Therefore, the
positive regional heterogeneitylocal richness relationship | found could suggest that
regional heterogeneity acts to increase local species richness by increasing the number
of species in the total species pool, providing a larger group of species available before
dispersal and environmental filters.

The suite of species that has been filtereloly dispersal constraints is called the

geographic species pool. In my study, neighborhood heterogeneity represents
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variability in habitat among habitat patches that surround a plot location. This scale
may be similar to the scale at which plants dispeesfrom neighboring habitat patches.
Thus, greater variability among habitats surrounding a site increases the number of
species that are able to disperse to a given site. The positive relationship | found
between neighborhood heterogeneity and local richess suggests that heterogeneity at
this scale is associated with decreased dispersal constraints, and therefore increases
the size of the geographic species pool.

The different subset of species in the total species pool that has been filtered by
environmental constraints is called the habitat species pool. Heterogeneity measured
within habitats in this study is at the scale of environmental filtering. The negative
relationship | found suggests that increased heterogeneity represents increased
environmental filtering within habitat patches, which leads to a smaller habitat species
pool. Local internal dynamics such as competition determine which species in the
ecological species pool actually establish at a given site. It has been argued that within
plot heterogeneity corresponds to decreased local competition, which promotes species
coexistence (Chesson 2000) and thus local richness. Although | tried to find evidence
for that in this study, my results do not show a relationship between local heterogeity
and local species richness.

Another potential factor accounting for the heterogeneityrichness relationships
seen here are the historical and current human land use patterns in the Southeast
Coastal Plain. In this analysis, the neighborhood and regial scales incorporated
variability across both areas with human land use, in addition to relatively natural

areas. On the Southeast Coastal Plain, conversion to agriculture and other human
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development occurred first in most the fertile longleaf pine commauities, where highest
plant species richness occurs (Frost 2006). The positive correlation between richness
and heterogeneity at neighborhood and regional scales could therefore be due to
increased habitat fragmentation at those scales.

Measuring and monioring diversity across broad scales is important to
conservation. At these scales, local measures of species richness at plot locations often
must be extrapolated across regions using predictive models based on GIS and
remotely-sensed data. My resulteave implications for these predictionbased
assessments of plant species richness. When modeling local species richness across
broad extents, heterogeneity measures are better predictors than the means of
variables such as NDVI, elevation and land cove¥ly results show that models that
incorporate these continuous variables, at a variety of scales, can be useful in predicting
species richness, and for distinguishing communities of known conservation
importance. Specifically, by showing that at withirhabitat and neighborhood scales,
local species richness could be predicted by variation in unclassified spatial data, |
found support for the spectral variation hypothesis, proposed by Palmer et al. (2002) as
a tool that can inform surveys of species richnes

Furthermore, because | found that heterogeneity at large scales is correlated to
local richness, my study shows that conservation of species rich communities must
involve not only conserving local sites, but also a consideration of processes that occur
at a variety of scales surrounding those sites. The withihabitat scale here, measured
within contiguous vegetation at extents of 7 ha to 6000 ha, corresponds most closely to

the scale of a single forest stand or conservation preserve. Therefore, my résu
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indicate that conservation and management of an entire preserve affects local plant
communities. The neighborhood scale measured variability across vegetation and ron
vegetation at the same extents, and represents the scale of a preserve plus the
surrounding land uses, while the regional scale, measured at extents of 38,000 ha to
705,000 ha, is close to the scale of a small watershed. The influence of neighborhood
and regional heterogeneity on local richness indicates that conservation efforts must
consider the larger landscape when aiming to conserve local sites. Indeed, taking an
approach such as ecosystem management, which works to achieve conservation while
integrating broad-scale ecological and social factors across regional extents
(Christensen etal. 1996), would be successful here.

My study examines whether heterogeneity variables are useful predictors of
plant species richness. This study does not aim to develop the best multivariate models
to predict richness, but rather to examine the richnes-heterogeneity relationship using
a range of easily computable heterogeneity metrics derived from ecologically
meaningful variables across a variety of scales. Other factors, including disturbance
history, certainly have an important influence on plant pecies richness in the region
and should be included in any comprehensive modeling effort. My results suggest that
measures of heterogeneity at multiple scales will be useful to incorporate into future
models of plant species richness. Therefore, my rdssiwill inform future efforts to
model plant species richness using factors across a variety of spatial and ecological

scales.
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Conclusions

As expected, this study shows that heterogeneity metrics are useful predictors of
local species richness, and thedst heterogeneity predictor differs by scale. Local
species richness is determined by processes operating at a variety of scales, from local
to regional. My results suggest that heterogeneity metrics developed from spatial data
at multiple scales can hgd predict geographic variability in local richness possibly by
acting as surrogates to measure the relative effects of these processes. These results
will help future efforts to model species richness, and will also help conservationists

perform prediction -based regional assessments of biodiversity.
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Tables

Table2.1: Scales, grain sizes, predictor variables, and metrics included in
heterogeneity analysis.

Vegetation
Levek Scale Grain size Abioticb Productivity®? communityc
1 Within -plot
Soil pH and
400 m2 omd Basal area N/A
1 Within -habitat
150 m radius  Elevation NDVI Land cover
450 m radius  Elevation NDVI Land cover
1380 m
radius Elevation NDVI Land cover
1 Neighborhood
150 m radius  Elevation NDVI Land cover
450 m radius  Elevation NDVI Land cover
1380 m
radius Elevation NDVI Land cover
2 Region
Ecoregions Elevation NDVI Land cover

andicates level ofpredictor in mixed effects models.

bMean, variance, standard deviation, range, coefficient of variation were calculate:
cSimpson's diversity index and variety were calculated.

dSoil organic matter (%).
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Table 22: Results from univariate mixed effects modelgoldface indicates the best model for a given scale, basedAiCcw;.

8¢

Uncond Log P-
Scale  Variable and radius means Mean Variance Stdev Range CV Variety Simpson likelihood AlCe valued
Within -plot
pH 1.00 -644.21 1298.84 <0.001
oM 0.74 -664.54 1337.35 0.01
Basal aea 0.85 -659.87 1328.02 <0.001
Within -habitat
Elevation 150 m 032 0.12 0.13 0.16 0.16 * * N/A
Elevation 450 m 0.35 045 -664.97 1338.22 0.01
Elevation 1380 m 0.22 0.32 0.20 -666.71 1341.41 0.09
NDVI 150 m 0.29 0.20 0.14 0.17 0.11 0.10 * * N/A
NDVI 450m 0.63 -664.31 1336.61 0.01
NDVI 1380 m 0.16 0.20 0.35 0.15 -666.28 1340.55 0.06
Land cower 150 m 0.71 -665.66 1339.59 0.03
Land cover 450 m 0.25 0.60 -665.75 1339.77 0.03
Land cowerl380 m 0.26 0.59 -665.72 1339.72 0.03
Neighborhood
Elevation 150 m 0.80 -662.47 1333.22 <0.001
Elevation 450 m 0.24 0.55 -664.15 1336.57 0.01
Elevation 1380 m 059 0.38 -663.12 1334.51 0.002
NDVI 150 m 028 0.24 0.12 0.12 0.12 0.13 * * N/A
NDVI 450m 0.31 0.25 0.12 * * N/A
NDVI 1380 m 0.35 0.14 0.14 * * N/A
Land cower 150 m 0.50 * * N/A
Land cover 450 m 0.58 * * N/A
Land cower1380 m 0.58 * * N/A
Regional
Elevation 0.53 -664.72 1337.71 0.01
NDVI 0.49 * * N/A
Land cover 0.94 -663.49 1338.32 0.003
Values represent AICovi £ O AAAE | AOOEA £ O A CEOAT 1 AAOGOOA AT A OA?

a* indicates the unconditional means model was better than models containing any of the metrics as predictors
bP-values are from an extra surrof-squares Ftest.



Table2.3: Results of model comparison among the best univariate moddts each extentBoldface indicates the best univariate model for a
given extent, based o AlCc.

6€

Log 3 p- Level2 Level
Scale Model Radius likelihood Ka AICc AICc Wi valueb Red 1 Red Shape
Within -plot
Unconditional means -668.13 3 134242 1440 0.00
Mean pH -644.21 4 1296.70 0.00 1.00 <0.001 0.57 0.24 Inverted U
Mean Organic matter -664.54 4 1337.35 40.65 0.00 0.01 0.24 0.03 Neg. linear
Mean Basal area -659.87 4 1328.02 31.32 0.00 <0.001 -0.04 0.12 Neg. linear
Within -habitat
Unconditional means -668.13 3 134242 553 0.03
Land cover heterogeneity 150 m -665.66 4 133959 270 0.10 0.03 -0.10 0.04 Neg. linear
Land cover heterogeneity 450 m -665.75 4 1339.77 288 0.09 0.03 -0.12 0.04 Neg.linear
Land cover heterogeneity 1380 m -665.72 4 1339.72 283 0.10 0.03 -0.10 0.04 Neg. linear
Elevation heterogeneity 450 m -664.97 4 1338.22 134 0.20 0.01 0.16 0.03 Pos. linear
Elevation heterogeneity 1380 m -666.71 4 134169 480 0.04 0.09 0.13 0.01 Pos. linear
NDVI heterogeneity 450 m -664.31 4 1336.89 0.00 0.39 0.01 -0.02 0.06 Neg. linear
NDVI heterogeneity 1380 m -666.28 4 1340.83 394 0.06 0.06 0.02 0.02 Neg. linear
Neighborhood
Unconditional means -668.13 3 134242 9.19 0.01
Elevation heterogeneity 150 m -662.47 4 133322 0.00 0.58 <0.001 -0.05 0.08 Pos. linear
Elevation heterogeneity 450 m -664.15 4 1336.57 3.35 0.11 0.01 0.11 0.05 Pos. linear
Elevation heterogeneity 1380 m -663.12 4 133451 129 031 0.002 0.08 0.06 Pos. linear
Regional
Unconditional means -668.13 3 134242 410 0.09
Elevation heterogeneity -664.72 4 1340.77 245 0.21 0.01 0.45 0.00 Pos. linear
Land cover
heterogeneity -663.49 4 1338.32 0.00 0.70 0.003 0.57 0.00 Pos. linear

aNumber of parameters estimated in the model.
bP-values are from an extra surof-squares Ftest comparing each univariate model to the unconditional means model.
dindicates the pseudeR? values calculated from components of the variance matrix.



Table2.4: Percentage of longleaf versus nelongleaf vegetation plots that fall within
each habitat type, according to NLCD larmbver classification.

Evergreen  Woody
Type of plots N Herbaceous Forest Wetlands Other

Longleaf 31 19% 19% 39% 23%
Non-longleaf 119 2% 10% 71% 18%

4C



Figures

North
Carolina

South
Carolina &
Oo
(\'\\0
?,5'\’0

+ \Vegetation Plot Locations
7] Mid Atlantic Coastal Plain Ecoregion
[ ] State Boundaries N

[ I [ I I
0 100 km

£

Figure 2.1: Study area in the Middle Atlantic Coastal Plain ecoregion.
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CHAPTERS

LESSONS LEARNED INDCLABORATIVE CONSERMION: STRATEGIES 8ED BY
PARTNERSHIPS IN THEONGLEAF PINE ECOSYEM

Abstract

Collaborative partnerships among public and private entities are a popular way
to accomplish ecosystem management and conservation objectives. Many strategies for
effective collaboration have been suggested in the literature; however, those strategies
have rarely been related to the stated conservation objectives for a particular
ecosystem. In thichapter, | asked: which strategies are being used by collaborative
partnerships in the longleaf pine ecosystem of the US Southeast to accomplish
conservation dojectives there? | summarized the most important objectives for longleaf
pine conservation from the scientific literature and conservation documents. | then
conducted interviews of participants in collaborative partnerships to determine which
strategies they are using, and how those strategies relate to conservation objectives.
Interviews resulted in a set of major strategies that are being used by partnerships in
the longleaf pine ecosystem: (1) Find common ground while leveraging the strengths of
individ ual partners; (2) facilitate communication and information sharing among
partners; (3) establish a mechanism for sharing resources among partners; (4) focus on
public outreach to nearby landowners; (5) communicate with local governments. |
examine the ways partnerships are using these strategies, and discuss how each of

them helps address one or more of the conservation objectives in the longleaf pine



ecosystem. These strategies emphasize lotgrm sustainability of partnerships and
resilience of the ecosgtem; therefore, they will be useful for informing the efforts of

other partnerships in the longleaf pine ecosystem and elsewhere

Keywords
communication with local governments; conservation objectives; ecosystem resilience;

long-term sustainability; public outreach

Introduction
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complexity of ecological processes, ecosystem management has become a dominant
paradigm for accomplish conservation objectives over the last twenty yeaf&eough
and Blahna 2006, Yaffee 1999). Rather than focusing on traditional single species or
resource-based approaches, ecosystem management takes a holistic viewpoint,
recognizing the complexity of ecological processes situated within a social context
across broad extents (Christensen et al. 1996). One way to conduct ecosystem
management is via collaborative partnerships among public agencies, private
organizations, and other stakeholders aimed at conservation (Wondolleck and Yaffee
2000). These partneships are becoming increasingly important ways in which to
address conservation goals across broad extents as the human population grows and
habitat becomes more fragmented. Indeed, numerous successful collaborative

conservation partnerships have been estblished across the United States (Keough and

Blahna 2006).
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Collaborative partnerships have been successful at accomplishing ecosystem
based conservation because they are effective at integrating ecological goals with their
social and economic contexts (Keugh and Blahna 2006, Government Accountability
Office [GAQ] 2008). For example, conservationists and ranchers in the western US have
been able to preserve habitat while improving commodity production by working
collaboratively toward a common vision of potecting open spaces (Keough and Blahna
2006). Several studies have summarized recommended strategies for effective
collaboration. These strategies include: developing a transparent collaborative
decisiornrmaking process (Cortner and Moote 1999, Meffe al. 2002), developing a set
of balanced goals (Keough and Blahna 2006), leveraging resources (Wondolleck and
Yaffee 2000), employing multidisciplinary data (Rigg 2001), and conducting adaptive
management (Stankey et al. 2003). While numerous strategies labeen recommended
for successful collaboration, few authors have explicitly investigated which of these
strategies are relevant for addressing stated conservation objectives in a particular
ecosystem. Furthermore, most studies have examined collaboratipartnerships in the
western US, across landscapes where a few agencies or individuals own the majority of
the land. Relatively little work has been done to determine the strategies being used by
regional partnerships in the eastern US, where the land divided among a greater
number of landowners and habitat generally is more intermixed with urban and
residential development (Radeloff et al. 2005).

In this chapter, | examine the strategies used by collaborative partnerships for
conservation of the longlaf pine ecosystem of the US Southeast. This ecosystem

provides essential habitat for a diversity of plant species and several endangered
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animal species, but has been severely degraded (Van Lear et al. 2005). In the longleaf
ecosystem, many collaborativgpartnerships among public and private stakeholders

have begun, and several have been widely successful in achieving ecological objectives
while balancing social and economic goals (Rosenzweig 2003). In tlisapter, | ask:
which strategies are used by sumessful collaborative conservation partnerships to
address conservation objectives in the longleaf pine ecosystem? First, | review the
major conservation objectives for the longleaf pine ecosystem. Then, using data from
interviews of participants in three partnerships, | synthesize collaborative strategies

and examine which conservation objectives those strategies help achieve. The result is
a summary of how collaborative strategies can be applied in practice, in order to inform

conservation efforts in the longleaf pine ecosystem and in other degraded ecosystems.

Background: conservation of the longleaf pine ecosystem

Longleaf pine was once the most abundant ecosystem in the Southeast, covering
approximately 37 million ha (Frost 1993). When frequenty burned, longleaf pine
ecosystems have among the highest number of plant species at small scales of any
ecosystem in the world (Peet and Allard 1993). Due to widespread timber harvesting
and fire suppression, the ecosystem has been severely degraded draymented,
reducing this forest type to a mere 2% of its pre&european settlement range. Of this
small portion, only 9% is able to support the native plant and animal species that
depend on the habitat (Frost 2006). As a result, populations of species suhthe
endangered Reecockaded Woodpecker Ricoides borealisthat depend on longleaf pine

habitat have declined (Van Lear et al. 2005). This decline has prompted Noss et al.
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million hectares of extant longleaf habitat, remnant olegrowth stands currently exist as
scattered fragments totaling 5100 ha, mainly on public lands (Varner and Kush 2004).
The rest of the extant longleaf pine habitat is approximately evenly split iween public
and private landowners (America's Longleaf 2009). Therefore, many have called for
collaborative efforts among public and private landowners to conserve and restore
habitat connectivity across large extents (Van Lear et al. 2005, Landers et1#895,
Hoctor et al. 2006).

Scientists and conservation professionals have recommended several objectives
for achieving the goal of broaescale conservation of the longleaf pine ecosystem. Here,

| synthesize those recommendations into four themes.

Objectve 1: Improve and maintain existing longleaf pine habitat

Maintaining areas that are already able to support the majority of plants and
animals that depend on the longleaf pine ecosystem should be the first objective in
conservation (Van Lear et al. 20056America's Longleaf 2009). In addition, improving
degraded sites that are already in conservation ownership is important. Allowing and
encouraging fire as an ecosystem process is the most essential component of managing
longleaf pine habitat (Van Lear eal. 2005). Frequent fires promote understory plant
biodiversity, as well as the sparse understory and midstory vegetation structure that
are needed as habitat for many of the animal species in the ecosystem (Van Lear et al.
2005). Currently, prescribedfire is the major tool used for restoration and maintenance

of longleaf habitat. However, conducting prescribed burns can be challenging because
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agencies as well as private individual landowners often do not have the money, staff, or
equipment they need b conduct the level of prescribed burning that would most

benefit the habitat (Hiers et al. 2003). Furthermore, real and perceived risks to public
health and property if a fire escapes can lead to risk averse management agencies that
are often not able toaccomplish all of their management objectives (Maguire and
Albright 2005). Overcoming these barriers to burnings a key to maintaining and

restoring longleaf pine habitat.

Objective 2: Expand and connect habitat in a coordinated fashion

Connecting halitat fragments benefits conservation and management of longleaf
pine. Recent evidence has shown that corridors connecting isolated longleaf patches
increase native plant species richness at large scales. Furthermore, the influence of
corridors on richnessincreases over time, and spills over into adjacent, nelongleaf
pine habitats (Damschen et al. 2006, Brudvig et al. 2009). In addition, acquiring lands
adjacent to existing habitat makes management easier: conducting prescribed burning
in a block surrounded by other habitat can carry less risk than burning near residential
areas or other development. Therefore, acquisition of new conservation land must be
prioritized based on its proximity to existing habitat or strategic location between
longleaf fragmerts (America's Longleaf 2009). However, as the human population of the
Southeast grows, assessed property values near expanding residential areas rise, and
there is increasing pressure to develop forestland that is not currently protected (Wear
and Newman 204), making it more difficult for management agencies and

conservation organizations to acquire additional land. Nonetheless, conserving large
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blocks of habitat, regardless of condition, will help facilitate future longleaf pine

management and restorationefforts.

Objective 3: Improve management on privatebyvned forest lands

Privately owned sites can be important reservoirs of biodiversity, and
management techniques that maintain the ability to sustain frequent fire are most
successful at promoting biodiversity on these sites (Mitchell et al. 2006). However, on
private land, much of the existing longleaf has not been burned recently (Outcalt 2000),
or is managed primarily for timber yield and not necessarily to provide higkquality
habitat (Outcalt and Sheffield 1996). In addition, much of the land that once contained
longleafis now loblolly or slash pine plantation. Therefore, improved managemenbn

private land is an important objective for conservation of the longleaf pine ecosystem.

Objective 4: Promote a variety of land uses across the remainder of the landscaparthat
compatible with conservation objectives

Increasing urbanization is the leading threat to forest sustainability in the
Southeast (Wear 2002). Urbanization limits the use of prescribed burning because it
results in expansion of the wildlandurban interface (WUI) near sites that need to be
burned. Smoke management concerns and regulations make planning and
implementing WUI burns more challenging (Wade and Mobley 2007). On the other
hand, human land uses that satisfy economic or social needs can be conigatwith
biodiversity conservation. In particular, land used for recreation (Heuberger and Putz

2003), or military training (Lachman et al. 2007) has the potential to support habitat
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protection goals. For this reason, promoting and accepting a variety kand uses, where
appropriate throughout a region, will promote overall conservation efforts while

supporting human needs in the landscape.

Methods
Partnerships included
In reality, many conservation or management actions rely on collaborations
among multiple landowners or stakeholders; however, there are several formally
established partnerships whose goals include broadcale conservation of the longleaf
pine ecosystem. In this study, | included participants from three formal partnerships
(Figure 3.1): The Onslow Bight Conservation Forum, North Carolina (hereatfter,
O/TO011Tx "ECEO 0AOOT AOOEEDPAOQN 4EA .1 OO0OE #AOI 1
0AOOT AOOEEDPOoQN AT A OEA 'Ol £ #1 AOOAIT 01 AET %A
i O' # 0 %0 6 q PartdeBstlips Ddfe@Boden because they have each been
recognized as national examples of effective collaborative conservation (Rosenzweig
2003, Lachman et al. 2007, White House Conference on Cooperative Conservation
2005). Therefore, other partnerships ca likely learn from the strategies they employ.
The three partnerships have similar structures. Each has undergone a formal
planning process, including outlining a formal boundary and identifying goals and
objectives. The Onslow Bight Partnership was formiaed in 2003 with a Memorandum
of Understanding (MOU) among several public and private agencies, including the US
Marine Corps at Camp LeJeune, The Nature Conservancy, the NC Wildlife Resources

Commission, and the Croatan National Forest. The partnershiyas established with
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the Onslow Bight Landscape, a 1 millichectare area on the coastgblain of North

Carolina (Onslow Bight Conservation Forum 2003; Figurg.1). The Onslow Bight

Partnership has been recognized as a successful example of collaboration by the White
House Conference on Collaborative Conservation (2005) and the Government

Accountability Office (2008).

The Sandhills Partnership was established in 2000 among public and private
agencies, including the US Army at Fort Bragg, the US Fish and Wildlife Service, the NC
Wildlife Resources Commission, and The Nature Conservancy iretS8andhills
Ecoregion of North Carolina (Figure8.1). The mission of the Sandhills Partnership is to
develop a conservation strategy for the Redockaded Woodpecker, the longleaf pine
ecosystem, and other ecosystems in the ecoregion. To date, the partriepshas
facilitated protection of over 6,000 hectares of land and has been recognized as a model
for collaborative conservation (Lachman et al. 2007).

GCPEP was established in 1996 for ecosystem conservation in northwest Florida
and south Alabama (Figure8.1). The mission of GCPEP is to develop leteym
strategies to abate threats and improve ecosystem health in the region (Compton et al.
2006). Agencies such as The Nature Conservancy, Eglin Air Force Base, the private
Nokuse Plantation, and the Northwst Florida Water Management District participate.

It was one of the first formal collaborative partnerships established in the country and
has been recognized as a model for collaborative partnerships (Rosenzweig 2003,

Lachman et al. 2007).



Interviews

| conducted oneon-one interviews ofa total of 16 representatives from the
three partnerships: | interviewed four representatives from the Onslow Bight, and six
representatives each from the Sandhills Partnership and GCPEP. In each of the
partnerships, subjcts who were interviewed represented a variety of types of
organizations, and were active participants who regularly attended partnership
meetings. In all three partnerships, subjects included, at minimum, one representative
from a public federal agencya public state agency, and a private conservation
organization. Interviews were semstructured and were conducted in person, or over
the phone if necessary. Each subject was asked general questions about the overall
objectives and strategies used iniB or her partnership, followed by more specific
follow-up questions about the strategies used to achieve each of the longleaf pine
conservation objectives described above (see Appendix 1 for interview guide). An
audio recording of each of the interviewsvas made, and the recording was later
transcribed.

Because the partnerships have similar structures, | chose to analyze strategies
across the three partnerships and not treat each as a separate case study so that a more
robust set of strategies could beleveloped. | performed a qualitative analysis of the
interview data using Atlas.ti version 6.1 (Atlas.ti GmbH 2010). | looked for general
themes that emerged across responses and identified strategies that were used by all
three partnerships. | also focged on crosscutting strategies: those that have the

potential to influence more than one of the objectives of longleaf pine conservation.
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This allowed identification of a robust set of strategies being used across all three

partnerships to achieve consevation of the longleaf pine ecosystem.

Results
The interview analysis resulted in a list of five strategies that collaborative
partnerships use to achieve largescale conservation. Each of these strategies helps

achieve one or more conservation objectes in the longleaf pine ecosystem (Tablg.1).

Strategy 1: Find common ground among all partners while leveraging the strengths of
individual partners
In collaborative partnerships, primary missions of stakeholders can vary
markedly. For that reasonjnterview subjects stressed that finding common ground
among partners by working together to develop a conservation plan is an essential
Al 01 AAOCGET 1T &£ O COEAET ¢ PAOOT AOOEED AAEAI 0008
be a crucial first step in @&veloping cohesion and encouraging the commitment of
individual partners in the group toward accomplishing all types of conservation
objectives:
| really felt like when that [planning] process was all over that everybody,
all the partners, kind of owned apiece of that process, so it felt like their
interests had been represented. So everybody for the most part felt good .
AAT 6O OEAO AT A OEAT AOAOUAIT AU 11T OAA £ Ox
real key to a lot of the future successes.
In addition, while a common goal is important, interview participants stated that

incorporating a varied mix of landowners can be an asset if a partnership is able to take

advantage of the respective strengths of each partner. As a result of their partships,
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example, private organizations such as The Nature Conservancy can purchase land
quickly, military agencies have access to money for acquisition, and some other public
federal and state agencies have money or expertise to support land management. Often,
there is a single partner agency or representative who is essential to the partnership:
#AOOAET 1T U 1T OAO OEA 1 AOGO EAx UAAOO OEA
that has had consistent funding for land conservation groups. They are
deeply engaged in monitoring of federally endangered species. They have
a very comprehensive prescribed ife program. So the resource [they
bring] is really what has made this [partnership] go.
Participants stated that when partners are able to contribute in a unique way,
they feel positively about their contribution and remain engaged in the
partnership.
Interview subjects pointed out that after a plan is developed, partnerships are in
a better position to take advantage of funding opportunities that specifically target land
acquisition projects with benefits to multiple parties. Therefore, this strategy
specifically benefits the objective of expanding and connecting longleaf pine habitat
(Table 3.1). In addition, because planning and leveraging strengths of all partners

means each partner is more engaged in the process, all other conservation objectiires

the longleaf pine ecosystem can be facilitated (Tab&1).

Strategy 2: Facilitate communication and information sharing among partners
Once partners have agreed on a common missidmjnging partners together to

communicate about what they are doing@nd what they know is the next step in
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accomplishing conservation objectives. Interview subjects consistently stated that
increased communication among partners is one of the most important reasons that
partnerships result in increased ability to manage ad acquire land.

At least biannually, each of the three partnerships has formal meetings in which
all participants gather to discuss business and provide updates on recent activities. In
addition, each has a set of working groups that meet more often to adss specific
projects. For example, the Sandhills Partnership has working groups focused on:
outreach, land protection, recovery of the local Redockaded Woodpecker population,
longleaf pine ecosystem management, and reserve design.

Both during these famal meetings and outside the meetings, communication
among members of the partnerships is done in two way#§irst, formal sharing of data
or expertise helps guide management efforts. Many partners already have some data or
knowledge that they can offer © other partners. Where additional information is
needed, collaborative development and sharing of data via cooperative research or
modeling efforts can be a benefitnterview subjects mentioned sharing information
among partners on endangered species oarrences, fire management effects, and
invasive species management, especially within their working groupdn patrticular,
sharing information on Redcockaded Woodpeckers has proven useful in the longleaf
pine ecosystem. Some partners have a history abllecting data or managing land to
promote woodpeckers, and can share their experiences with others. In other cases,
partnerships have developed new data or used models to make future predictions and

inform management activities.
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Second, more casual infonation sharing, both during partnership meetings and

as a result of contacts made in a partnership, is often beneficial:

O(1Tx AOA UT O AITEIC OEEOGe (I x AOA Ui O A
AZPDAOEAT AA xEOE OEAOeb® 4AEAO @il T A EAO A
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most important to me on a daily basis to help us with management.
Partners share information about how to conduct management activities, especially
prescribed burning (Table3.1). They also share knowledge related to conservation
land acquisition, such as informing other partners about a landowner that would be
willing to sell land to a partner. In this way, partners become more aware of what
others in the landscape are doingand can better coordinate all management and

conservation efforts (Table3.1).

Strategy 3: Establish a mechanism for sharing resources among partners

Similar to sharing information, facilitating the sharing of resources such as
equipment or trained personnel is an important way conservation partnerships can
facilitate management in the longleaf pine ecosystem. Because agencies often differ in
the resources they can access, establishing a mechanism by which these resources can
be shared among agencgis an important strategy in partnerships. Often, obtaining
additional personnel or equipment from partners may enable an agency to conduct
prescribed burning where it would not otherwise be possible. Likewise, one agency

loaning resources to other partrers can be essential for reaching conservation goals:

4EAUGT T AAIT T 1T A A EAx AAUO E1T AAOAT AA Al I
AT UAO AT A Al 1 PAOAOI O &EOI I uir & &£ o OEA
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carries out the burn, and gets to burn in a very complex environment.

One useful tool for skaring resources, particularly for prescribed burning, that
several interview subjects mentioned was a memorandum of understanding (MOU). An
MOU allows partner agencies establish mutual interest in management activities and
their willingness to commit resources such as equipment or personnel to aid other
partners whenever it is convenient to them (Table8.1). An MOU is typically not legally
AET AET ¢ch AOO EO OUI Alifyos dan detEhed Al@oQdthdr@nd&dy,OAT OET
OUAAER xA x@BROEAD ki1 OBEBOS&h AT A OEAUSI T OECI
their agency, that is extremely important because that does open the door for

Al T DAOAOGET T Al xi OEA Ol AA8S6

Strategy 4: Focus on public outreach via a consistent message

Interview subjects stated that lack of public understanding about the importance
of land conservation or management techniques is a barrier to land conservation. One
way they have been able to overcome this barrier is through increased public education
and outreach. Partneships have been particularly effective at outreach when all

participants develop and adopt a consistent message:

7A30A A1l OAIEETC OEA OAI A TAOOACA8 31
to say it long enough, it just becomes the norm. Everybody is sagartn Ol Eh
UAAEh xA DOiT OAAO PET A OOAAO T1x &£ O A 1O0I
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According to interview subjects, one of the outreach efforts that has been
effective has been edcating the public about the importance of prescribed

burning. In addition, interfacing with private forest landowners about
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management strategies they can use to maximize both ecological and economic
benefits is another component of public outreach membned by participants
interviewed:

AEAOA8O A 117T0 T £ xI OE xEOE DOEOAOA 1 AT AT

land] into conservation land, but we work with them on best

management practices and [show them how] to practice prescribed

burning when they can. Weshow them the benefits of doing that, how if

they incorporate that into their management strategies in the long run it

will help them.

The result of outreach is that the public understands the importance of land
conservation and management, and, insteaaf constraining conservation efforts, can
benefit conservation. This strategy directly impacts management on private forest land,
and benefits longleaf pine management and land acquisition efforts in general (Table

3.1).

Strategy 5. Develop a channel@dmmunication with local governments
City and county governments are responsible for local land use planning and
zoning regulations across counties and within municipalities. Therefore, interview
participants stressed that communication with these entites about longleaf pine
conservation is important for promoting a range of compatible land uses:
| think overall the greatest measure of success is if we can basically
interface successfully with the communities and the counties who have
control over the land use planning and get them to become more part of
the collaborative process so that we can start looking at long term
decision making that will sustain the conservation objectives as well as
the economic priorities of the area; find that balance for wat we call
quality of life.

Developing a positive relationship with local governments helps ensure that land

use across a region will be compatible with conservation objectives over the long term.
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Therefore, while this strategy directly allows partnerships to promote compatible land
uses, it indirectly facilitates the ability to accomplish the other longleaf pine
conservation objectives as well (Tabl&.1). For example, partnerships can encourage
local governments to locate recreational areas or dense delopment away from

longleaf habitat in order to reduce risk from prescribed burning to these areas.

Challenges for partnerships
Although many respondents identified public outreach and interfacing with local
governments as two important strategies, thesavere the strategies identified as being
most challenging to implement:
(T xAOAO r xEAO xAy EAOGAT S0 OAAIT T U ATTA Al
about is broadening this group beyond just these core conservation or

government agencies. Your opportunitesar€ 1 ET ¢ O1T AA 1 Ei EOAA E
just talking to this small group of likeminded agency representatives.

f2ECEO 11 xy¥ EO6O0 OAOU AEEAAAOEOA AT A OEA
AAAAOOA OEAOAB8O 1106 A 110 1T&£ AEOOAT Oh
DAOOT AOQERD®Y O OEA AT iiOTEOU AO 1 AOGAL
have somebody who can speak for a private landowner or a local elected

official.

Interview subjects mentioned that many partners are often reluctant to be in the
public eye, either because they ha/no experience doing so, or because they have had a
negative experience with public opinion in the past. In addition, it may be difficult to
engage with the appropriate group of citizens. For example, a partnership may work in
several counties, spanninghe jurisdiction of multiple county and municipal
governments. Determining which agencies are appropriate to engage, and maintaining
communication with all of them can be difficult and timeconsuming. Similarly,

targeting private landowners can be cha#nging because these individuals do not often

61



have an organizing body or representative that can interface with a partnership like
public agencies or conservation organizations can.

Another challenging strategy, according to interview participants, was
developing a common goal and comprehensive plan. Reaching consensus on the plan

took a long time, but it was worthwhile in the end.

Discussion

Collaborative partnerships have become an increasingly popular way to
accomplish ecosystem management and comvation objectives within their social
context. Indeed, for ecosystems that span large areas such as longleaf pine, partnerships
are essential. | investigated the strategies used by successful partnerships in the
longleaf pine ecosystem, and how those sitegies can accomplish conservation
objectives in that ecosystem. Interviews of participants in these partnerships resulted
in five strategies most relevant to conservation objectives in the longleaf pine
ecosystem.

These strategies each help address eror more objectives of longleaf pine
conservation, and also parallel the recommendations found in other literature on
collaborative management (Table3.2). The strategy of finding common ground among
partners helps partnerships achieve success in all oljgves. Having a plan can
increase the ability of partnerships to demonstrate that a proposed project will benefit
multiple entities, which can be especially helpful when applying for funding sources.
One example of funding designed to encourage partnerngs is the Collaborative Forest

Landscape Restoration program, which was recently established by Congress under the
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Omnibus Public Land Management Act of 2009 (P.L. 11). After successfully working
as a group, partnerships can earn credibility and name=cognition, which can be
beneficial when applying for funding in the future. This strategy directly corresponds to
the principle of building on common ground offered by Wondolleck and Yaffee (2000),
AT A #1 00T AO AT A -1T1 OAGO jtmpayhbewgre @ffz@titcAEDI A OE A
reach a decision collaboratively than unilaterally, doing so will have lonterm benefits
(Table 3.2). It results in ownership of the problem and process, as pointed out by
Wondolleck and Yaffee (2000).

The second and third stréegies listed here, information and resource sharing,
are particularly helpful for conducting adaptive management on existing longleaf pine
habitat. There are opportunities that are specifically designed to help partnerships
share knowledge and information For example, the U.S. Fire Learning Network
facilitates the sharing of knowledge regarding the use of prescribed fire, both by
bringing representatives from multiple agencies together periodically to share
information, and encouraging the development oécological models and data to inform
fire management (Fire Learning Network website:
http://www.tncfire.org/training_usfln.htm). Thus, partnerships can take advantage of
opportunities that individual entities are less able to leverage. Sharing informatio
relates to the principle that collaboration is best achieved through joint research and
fact finding (Wondolleck and Yaffee 2000), and allows decisions to be made according
to sound ecological science (Christensen et al. 1996, TaBl@). Sharing resouces was

i AT OETTAA AO Al EI bl OOAT O AATAEEO 1T & AT 11 AAI



Public outreach and communication with local governments are two important
strategies for collaborative partnerships in the longleaf pine ecosystem because lack of
public awareness can hinder prescribed burning or land acquisition, meaning that the
public can ultimately have a large influence over the conservation of the ecosystem
(Mitchell and Duncan 2009). Outreach and education of the public helps improve
managementon private lands, and can also improve public awareness about prescribed
burning. This strategy is similar to principles of public participation, and
recommendations about providing economic incentives for implementing management
(Gilmore 1997, Table3.2). Interfacing with local governments helps to accommodate
human land uses in balance with ecological goals across a large extent. Interview
subjects said that this strategy is essential for longerm planning and sustainability of
partnerships. Many auhors have discussed integrating social goals and human land
use as a foundational principle of ecosystem management (Christensen et al. 1996,
Table 3.2, Grumbine 1994).

Interview subjects stated that communicating with the public and local
governments @n be challenging. To overcome these challenges, public outreach can
start small (Wondolleck and Yaffee 2000). Initiating outreach efforts by targeting one
or small number of landowners, government representatives, or other citizens who live
or work near a core habitat area can be a valuable way to develop a clear, effective
message about conservation or management efforts (Meffe et al. 2002). For example,
education of those living nearby about the reasons for conducting prescribed burning
can go a long wg toward changing negative public attitudes toward burning (Toman et

al. 2006). Then, that initial experience can inform future, expanded outreach efforts by
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the partnership. Landowners or residents with whom the partnership has successfully
worked can bea voice to other citizens about the importance of conservation in the
landscape. Prescribed fire councils can be particularly effective vehicles for interfacing
with local governments about the importance of land use planning and zoning that is
compatible with prescribed burning (Coallition of Prescribed Fire Councils website:
http://lwww.prescribedfire.net/).

Offering information on how maintaining good quality longleaf habitat can be
economically feasible can be of particular help engaging private landowrs in
conservation efforts (Van Lear et al. 2005). Several federal incentives for managing
DOEOAOGA 1 AT AO Al OAAAU A@EOOh OOAE AO OEA
Wildlife Habitat Incentives Program (WHIP), and Environmental Quality Incentives
Program (EQIP). These programs provide cost sharing and technical assistance for
management of critical wildlife habitat, including burning and other silvicultural efforts.
In the future, the potential for income from carbon sequestration credits or harvaing
woody biomass, if done sustainably, may serve as an incentive for better forest
management by private landowners. Partnerships can focus on making information
about these programs available to private landowners.

The strategies suggested here are ingotant for achieving conservation goals in
the future. Outreach to private forest owners is one strategy that is likely to be
increasingly important and challenging in the future. Extensive turnover in forest
timberland ownership has recently occurred inthe Southeast, and much of the land
once owned by the forest products industry was sold to timber investment

management organizations (TIMOS) or real estate investment trusts (REITs) (Wear et



al. 2007). TIMOs and REITs use timberland as property for invesent. Thus, they are
more likely than traditional forest products companies to manage strictly for

productivity (Jin and Sader 2006), which may preclude their willingness to accomplish
other objectives such as promoting biodiversity. In addition, thistgft in ownership

means that increased parcelization of land is likely in the South: where one large forest
products company previously may have owned a single parcel, the same land may now
be divided among many TIMOs (Wear et al. 2007). Therefore, a certed effort at
engaging these landowners about conservation using a consistent message will be more
likely to be effective than separate efforts by individual partners.

Sharing information about land management is another strategy that is likely to
become more important in the future. The potential effects of climate change could
make land management more challenging. For example, under some scenarios, warmetr,
drier climate is predicted in the Southeast, which could lead to quicker drying of
vegetation,causing increased mortality of longleaf pines from fires (Varner et al. 2005).
Under these conditions, prescribed burning would also be more challenging to
implement, with fewer days meeting suitable weather conditions for burning.
Researchers and land maagers throughout the Southeast can work together to explore
the potential impacts of climate change on the longleaf pine ecosystem. Partners can
promote controlled experiments to examine the potential impacts of burning in dry
conditions, and communicaton among stakeholders can disseminate this information
among researchers and managers.

While partnerships can be effective in accomplishing conservation goals, there

are both criticisms and challenges to sustaining the collaborative process. Some have
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when a consensusbased approach is used (GAO 2008). In addition, partnerships often

have organizational challenges. If they focus their efforts too broadly, they can adilya

get mired in day-to-day activities and lose sight of bigpicture goals because they have

insufficient resources to accomplish their objectives (Bonnell and Koontz 2007).

Furthermore, although several public federal agencies have policies that mandate

collaboration with the public and other stakeholders, there are often barriers to

engaging in collaboration that come both from within and outside these agencies

(Koontz and Bodine 2008). Challenges such as these make sustaining collaborative

partnerships difficult.

Although there can be challenges with sustaining any partnership, the strategies
presented here are likely to promote successful partnerships over the long term. Thus,
they can inform the efforts of partnerships in the longleaf pine ecosysteras well as
other ecosystems. In particular, engaging a wide variety of partners in conservation
efforts toward a common vision, and using that vision as the basis for a consistent
message for outreach to private landowners and government agencies ensugebroad
base of support for conservation and collaborative decisiemaking in the long term.
Then, future conservation challenges, including climate change and changes in land use
and land ownership, can more easily be addressed through a concerted effarhong all

stakeholders involved
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Tables

Table3.1: The ways in which each collaborative strategy helps address conservation objectives in the longleaf pine ecosystem. **
Indicates predominant objective each strategy addresses.

Strategies | Objectives

Adaptive management
on existing habitat

Expand and connect
habitat

Improve management on
private lands

Promote a variety of land
uses

1.Find common ground
among allpartners while
leveraging strengths of

individual partners

2. Facilitate
communication and
information sharing
among partners

3. Establish a mechanism
for sharing resources
among partners

4. Focus on public
outreach to landowners
and residents via a
consistent message

5. Develop a channel of
communication with local
governments

Can leverage money for
management via
partners who have
money

** Sharing knowledge
gained through
experience,collecting
ecological data and
modeling future
scenarios make
management more
efficient

** Sharing equipment
for burning, especially
through an MOU,
enables management
that would not
otherwise be possible
A consistent message to
residents about the
benefits of fire helps
change public attitudes
about burning

Promoting compatible
land uses near areas
that require burning
minimizes risk from
prescribed burning and
facilitates management

** Can leverage money for
land acquisition through
grants that favor
partnerships, or through
partners who have money

Sharing information about
landowners who may be
willing to sell their land
enables more land
acquisition

If resourcesare shared for
management, more money
or resources may be
available for other activities

More landowners may
considerland protection
options if they are aware of
the importance of
conservation

Local governments may
decide to acquire land for
conservation; may lessen
opposition to aqquisition by
federal, state, or
conservation orgs.

Initial planning process
helps partners feel invested
in all activities

Sharing information about
landowners who are willing
to promote biodiversity

If resources are shared for
management, more money
or resources may be

available for other activities

** Education and incentives
encourage landowners to
conduct compatible
management

Emphasis on longterm
planning and sustaining
economic priorities may
improve relationships with
private landowners

Initial planning process
helps partners feel invested
in all activities

Communication makes all
activities more efficient

If resources are shared for
management, more money
or resourcesmay be

available for other activities

Residents may be more
willing to accept alternative
land uses

** Helps identify land use
decisions that will
maximize longterm
conservation and econont
goals




Table3.2: Strategies for collaborative conservation of the longleaf pine ecosystem, and relatec

concepts in the literature.

Strategy for longleaf

Major related concepts from the collaboration and
ecosystem management literature

1. Find common ground among all
partners while leveraging strengths of
individual partners

2. Facilitate communication and
information sharing among partners

3. Establish a mechanism for sharing
resources among partners

4. Focus on public outreach to
landowners and residents via a
consistent message

5. Develop a channel of communication
with local governments

Building on common ground: Wondolleck and Yaffee
2000, Meffe et al. 2002

Collaborative decisionmaking: Cortner and Moote
1999

Ownership of the problem and processWondolleck
and Yaffee 2000

Joint research and fact finding, share knowledge and
information: Wondolleck and Yaffee 2000

Decisions based on ecological science: Christensen €
al. 1996

Leveraging resources, including funds: Government
Accountability Office 2008

Educate the public: Wondolleck an Yaffee 2000
Provide incentives: Government Accountability Office
2008, Gilmore 1997

Identify and balance a broad rage of values: Lee
1993

Integrating social values: Rigg 2001Christensen et al.
1996

Accommodating human land use in light of ecological
goals: Grumbine 1994
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Figure 3.1: Locations of the three collaborative partnerships in which interview
subjects participate. Historic range of longleaf pine data came from the U.S. Geological
Survey (1999), based on Little (1971).
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CHAPTER4

STAKEHOLDER PRIORITIES AND RISRERCEPTION IN COLLABORATIVE
MANAGEMENT OF PRESCRIBED BURNING

Abstract

Successful ecosystem management depends on the ability to plan for uncertainty
and risk. However, research suggests that decisions regarding the use of prescribed fire
may berisk-averse, which could present a threat of further degradation to fire
dependent ecosystems. Because mubigency partnerships increasingly work
cooperatively to plan and implement burning programs, it is important to examine how
risks influence prescrbed burning decisions for various types of stakeholders. Using a
survey of individuals involved in the planning and implementation of prescribed fire in
the Onslow Bight region of North Carolina, | examined how the constraints and
priorities for burning i n the longleaf pine ecosystem differed among three stakeholder
groups: prescribed burn practitioners from agencies, practitioners from private
companies, and norpractitioners. Stakeholder groups did not differ in their
perceptions of constraints to burring, and development near potentially burned sites

was the most important constraint identified. The top criteria used by stakeholders to
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health. There were no diffeences among stakeholder groups in the ways in which the
ecological benefits of burning influenced decisions, but the groups differed in their

perceptions of risks. Prescribed burning priorities of the two groups of practitioners,



and particularly practiti oners from private companies, tended to be influenced by risk,
especially in sites that have not experienced burning recently or are in the wildland
urban interface. Specifically, my results imply that practitioners view prescribed
burning decisions as achoice between a risky alternative with an uncertain outcome
(conduct burning) and an alternative whose outcome is certain (do not burn). | suggest
that to prevent degradation of fireedependent ecosystems, partnerships should aim to
enable management to perate under a wider range of uncertainty, through public

outreach, financial incentives, and changes to agency policies.

Keywords
ecosystem management; firalependent ecosystem; longleaf pine; management

constraints; restoration; risk aversion; wildland-urban interface

Introduction

The success of ecosystem management depends in part on planning for inherent
uncertainty regarding the results of management actions (Christensen et al. 1996, Meffe
et al. 2002). Failure to accept uncertainty in managemerdlong with the desire to
minimize perceived risks from management actions can lead to a bias toward inaction
that can result in few accomplishments in the longerm, and further ecosystem
degradation (Stankey et al. 2003, Gunderson 1999). Management demis regarding
prescribed burning of fire-dependent ecosystems may be particularly influenced by risk
and uncertainty (Maguire and Albright 2005). For example, there can be shextrm

risks that prescribed fires will become outof-control and damage humarhealth or
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property. In addition, failure to implement burning also carries risk of negative effects
from future wildfires. Avoiding short-term damages that could result from prescribed
burning may be more compelling to managers than a focus on the ecgical benefits of
burning, which are realized over the long term (Donovan and Brown 2007). This bias
occurs in part because managers and agencies tend to view prescribed burning as a
choice between certain and uncertain outcomes, and to owestimate thecertainty of

no action (Maguire and Albright 2005). Because of these biases, some researchers have
suggested that fire management decisions are riskverse (Maguire and Albright 2005).
However, recent studies have pointed to the need for a comprehensiaealysis of how
risks versus ecological benefits influence fire management decisions (Donovan and
Brown 2007, O'Laughlin 2005). For areas in which prescribed burning is being
implemented across large regions with multiple stakeholders involved, it is paitularly
important to assess the perceptions of risks and benefits among management entities.
My study investigates stakeholder priorities for prescribed burning in a firedependent
ecosystem in order to determine how perceptions of risks and ecologicakhefits
contribute to decision-making.

Increasingly, prescribed burning is being planned and implemented across
mixed-use landscapes for largescale restoration of firedependent ecosystems (Hiers et
al. 2003, Sisk et al. 2006, Noss et al. 2006). Managensst balance the risks and
benefits of fire when deciding where to burn, and these decisions in turn affect the
potential for success in largescale restoration of firedependent ecosystems. In
addition, constraints such as development near potential bur areas and shortage of

trained personnel make it difficult to conduct prescribed burning over ecologically
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significant extents (Allen et al. 2002, Van Lear et al. 2005, Taggart et al. 2009). In
landscapes that contain a mixture of protected areas, resid@al, and commodity
producing lands, prescribed burning is particularly constrained due to the wildland
urban interface (WUI). Fear of liability for damage to human health or property could
decrease the likelihood of using prescribed fire, especially baase residents in the WUI
tend to have negative perceptions of prescribed burning as a management tool (Winter
and Fried 2000).

In contrast to relatively independent efforts put forth by individual land
managers throughout a region, the formation of regioal partnerships among
conservation stakeholders are developing in many areas, including within major fire
adapted ecosystems such as ponderosa pine in the US southwest and longleaf pine in
the US southeast (Sisk et al. 2006, Compton et al. 2006). Theagdrerships necessarily
include stakeholders whose priorities for burning and perceptions of risk may differ
from one another. Stakeholders from public agencies and private conservation
organizations may make riskaverse decisions due to systemic biases higher
organizational levels (Maguire and Albright 2005, Christensen 2003). In particular,
individual landowners and small, norindustrial private companies who conduct
prescribed burning may perceive more risks from burning because they are more
directly liable if found negligent. Balancing the risks associated with burning, the
ecological benefits of burning, and the risks that may result from not burning presents
challenges to decision making in these multiplstakeholder partnerships. A

comprehenswe look at how stakeholders make decisions about prescribed burning can
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shed light on how and why their activities are influenced by perceptions of risks and
benefits.
| used surveys to investigate how the perceived risks and benefits of prescribed
burning differ among stakeholders in a regional multagency conservation partnership,
and how these are translated into the prioritization of land for burning across the
region. | also compared these prescribed burning priorities with restoration priorities
identified by ecologists who have knowledge of the landscape and ecosystem, but who
are not directly involved in burning. Specifically, | asked:
1. What factors constrain prescribed burning in a regional landscape of intermixed
rural residential, protected areas, and commodity producing lands?
2. Do stakeholder groups differ in the criteria they use to prioritize sites for
burning?
3. Do stakeholder groups differ in the extent to which their priorities are motivated
by the risks versus ecological benefits of presityed burning?
| hypothesize that development near prospective burned areas is the most important
constraint on prescribed burning, and is alsdhe most important criterion used by all

stakeholder groups to prioritize sites for burning. | also predict thaprescribed burn
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companies, identify more risks from burning than nonrpractitioners. Finally, | predict
that the priorities of non-practitioners are motivated more bythe ecological benefits of

prescribed burning than the priorities of practitioners.
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Methods
Study area

| conductedmy study in the Onslow Bight, a region of the North&olina (NC)
coastal plain (Figure4.1) where a multi-agency partnership has beerstablished for
conservation of longleaf pine, an ecosystem in which prescribed burning is an
important management tool (Van Lear et al. 2005). The Onslow Bight covers 1.23
million hectares, from the inner coastal plain to the barrier islands. Prior to#opean
settlement, an estimated 659,000 hectares, or 54% of the landscape was covered in
longleaf pine, much of it wet or mesic longleaf pinaviregrass savanna (Frost and
Costanza, unpublished). Other portions of the Onslow Bight were predominantly pond
pine pocosin or wet hardwood forest. Today, approximately 19% of the landscape is
longleaf pine, 15% is pocosin, and 23% is a mixture of other communities, including
bottomland forest, marsh, and coastal dune vegetation (Southeast Gap Analysis Project
2008). Managed pine plantations cover 22% of the Onslow Bight, and 21% is either
developed or has been converted to agriculture (Southeast Gap Analysis Project 2008).
The twelve counties in the Onslow Bight region had a combined population of 886,000
in 2000 (U.S. Census Bureau 2000). Brunswick County is experiencing one of the
highest population growth rates in the United States currently, and three other counties
are also in the top 20% of the state for projected future growth (NC Office of State
Budget and Management 2008).

Major public landholdings in the Onslow Bight include US Marine Corps Camp

LeJeune (US Department of Defense), Croatan National Forest (US Forest Service),
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Cedar Island National Wildlife Refuge (NWR, US Fish and Wildlife Service), anderal
Game Lands (NC Wildlife Resources Commission, NC WRC). Collectively, these
comprise 15% of the landscape. Private agencies such as The Nature Conservancy
(TNC, 1%) and the NC Forestry Foundation (Hofmann Forest, 3%) also manage land in
the Onslav Bight. Since 2000, an average of 40,000 hectares per year of prescribed
burning has been conducted in the landscape, mainly on publicly owned land. Land
management agencies working in the Onslow Bight differ in their primary goals, which
range from maragement of wildlife habitat, to forestry, to military training. The land
management agencies in the region have formed the Onslow Bight Fire Partnership
(OBFP) to increase the capacity for prescribed burning in the region, through mutual

exchange of resotces and knowledge OBFR 2005).

The longleaf pine ecosystem

In longleaf pine (Pinus palustrig savannas and woodlands in the southeastern
US, implementation of prescribed burning across landscapes plays a critical role in
conservation and management. Tdnlongleaf pine ecosystem was once the dominant
habitat in the southeastern US along the coastal plain and outer piedmont from Texas to
Virginia (Frost 1993). When frequently burned (every one to three years), the
understory plant communities in longleafpine ecosystems have among the highest
levels of understory plant species richness of any ecosystem in the world (Peet and
Allard 1993). Due to widespread timber harvesting and fire suppression, longleaf
forests have been severely degraded and fragmente@ducing this forest type to only

3% of its pre-European settlement range (Frost 1993). As a result, populations of
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species such as the endangered Redckaded Woodpecker Ricoides borealisthat

depend on longleaf pine habitat have declined (Van Lear at 2005). This decline has
POT I POAA . 100 AT A TOEAOO jpwwuvg OF AAOECT AOAZ
AT AAT CAOAAGR AT A Iscu feQdbatiod Bffords AvolvingAlesdribédA O C A
burning to conserve and restore habitat connectivity inthe ecosystem (Van Lear et al.

2005, Landers et al. 1995, Hoctor et al. 2006). Partnerships among private and public
stakeholders are essential to overcoming barriers to burning and facilitating prescribed

burning of longleaf pine ecosystems (Van Lear et.2005, America's Longleaf 2009).

Surveys

Three stakeholder groups were included in this study: prescribed burn
practitioners from agencies, practitioners from private companies, and nen
practitioners. Non-practitioners included individuals who provide input to burn
managers or fire contractorsbut do not directly prioritize or themselves conduct
prescribed burning activity. This group included academic researchers as well as
botanists, wildlife biologists and others who may work in the same agencies as burn
practitioners. The other two groupsincluded agency and private individuals who plan
and conduct prescribed burning. Agency practitioners included those who work
directly for public agencies or private conservation organizations. Practitioners from
private companies included respondents o work for private forestry consulting
companies and fire contractors, and who usually conduct burning for individual

landowners or small companies such as hunting clubs.
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Prior to the survey, three focus groups were conducted during a meeting of the
OBFPR A total of fifteen people representing all stakeholder groups participated in the
focus groups. Participants were asked to describe the criteria they use to determine
which areas get priority for burning, as well as some of the constraints they face ah
burning. The result was a set of constraints and criteria that are used tletermine
priorities, which | used as a starting point for developing an wuepth online survey.

The surveys asked respondents to indicate the relative importance of each of a
series of predefinal constraints to burning that lidentified from the focus group
discussions. Respondents were also given a list of predefined ecological and-nhon
ecological criteria and were asked to indicate which are important for prioritizing sites
for burning, according to their knowledge or experience (Tabld.1). Respondents were
then asked followup questions regarding the rationales behind their top five ranked
criteria. Rationales mentioned during the focus groups were listed as potential ansvs
on the survey, and were related to risks and benefits, as well as other potential reasons
for criteria, such as agency mandate and funding sources. Thus, they were related to
risks and benefits, but also represented other types of motivations behindedision-
making. For all questions, respondents were given an option to add answers not
appearing in the predefined list. See AppendiXfor a sample of questions from the
online survey.

For the online survey, the sample population consisted of people whad
participated in or been affiliated with the OBFP or the NC Prescribed Fire Council.
Email addresses for contacts were obtained through the NC Prescribed Fire Council and

the OBFP. The surveys and data collection were administered via Qualtrics, acfe



online survey tools including secure data storage and advanced features such as the
ability to automatically skip questions that do not pertain to certain respondents

(http://www.qualtrics.com ). Because mypurvey population consisted of professionals

with access to the Web and email, an Intertnsurvey was weltsuited for my study

(Dillman et al. 2009).

Analysis

Using analyss of variance (ANOVA) tests,dxamined the importance value of
each constraint, and diferences among stakeholder groups in the number of criteria
exact tests to examine differences among stakeholder groups for each constraint and
each criterion, and b test whether the number of important criteria per individual
differed among stakeholder groups. d¢hose to use ANOVA and cuare tests rather
than multivariate techniques such as factor analysis or structural equation modeling in
order to avoid the loss of meaning in data that results multivariate analysis. The follow
up questions in the web survey allowed an idepth examination of the rationales for
each criterion. Because respondents were only asked follewp questions for criteria
they ranked in the top five, lanalyzed follow-up questions only for criteria that more
than half of all respondens indicated were important. lused an alpha level of 0.05 for

all statistical tests. All analysis was done using R (R Development Core Team 2008).
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Results

The online survey was sent to 162 people, including 39 nepractitioners, 67
practitioners representing agencies, and 56 practitioners representing companies. A
total of 104 responses were received, 87 of which were complete and included in this
analysis. Of these, 26 responses were from ngaractitioners (67% of all non-
practitioners contacted), 40 from practitioners who represented agencies (60% of
agency representatives), and 21 from practitioners who represented private companies
(38% of private company representatives). Respondents included 35 respondents from
state agencies, 17 from federal agencies, and one from a local government agency.
There were 19 responses from independent contractors, and 9 who worked for private

companies. The reraining respondents were from academia, or were unemployed.

Constraints

The most important constraint for all respondents was the presence of
development near areas to be bured (Figure 42). Inappropriate weather conditions,
smoke management regulationshigh fuel loads, and shortage of resources such as
money or equipment were also highly ranked. The other six constraintgere given
lower rankings (Figure 42). There was a significant difference in importance across

constraint types for all respondens combined (ANOVAF10,919= 12.38,p < 0.001).



Criteria for prioritization

Respondents added several criteria that were not in the list provided in the
survey. In some cases, the additional criteria were restatements of predefined criteria.
Forexample, IAT T OEAAOAA ODPOAOGAT AA T &£ A AEOAOOA OT A,
DOAAAEET AA O1 OGAOAI 1T AAT OUOOAI EAAI OEo6s8 4EAC
that were distinct from the list provided in the survey (Table4.1). The three groups did
not differ in the number of ecological criteria used to determine burning priorities,
however non-practitioners used significantly fewer norrecological criteria than the
other two groups (see Figure4.3; ANOVA with Tukey HSD groups,ss= 14.289,p <
0.001). Nonpractitioners also used fewer total criteria for determining burning
priorities than either group of practitioners (ANOVA with Tukey HSD groupsF;,ss =
3.93,p=0.02). The two criteria named as important by the highest number of
respondents were: (1) he time since a site was last burned, and (2) the overall
ecosystem health of a site (Figure 4). Other important criteria were: (3) whether a
site occurs in the wildlandurban interface (WUI), (4) whether there are firebreaks
surrounding a site (5) whether threatened or endangered species (aside from Red
cockaded Woodpeckers) are found at a site, and (6) whether Redckaded
Woodpeckers occur at aige. For these six criteria, AT AT UUAA OEA OAODPIT 1T AA
rationales for considering them important The other four criteria were named by
fewer than half of the total respondents (Figure4.4).

For six out of ten criteria, groups did not differ in the proportion of respondents

indicating that the criterion was important (Figure 4.4). These includedhe two most
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consistently rated criteria: the time since a site was last burned, and the overall
ecosystem health of a site. Of the other four criteria, the location of the WYE(2, N =
87) = 6.70,p = 0.04), the presence of firebreaksy (2, N = 87)= 18.48,p < 0.001), and
whether the site is managed for timber ¢2 (2, N = 87) = 15.65p <0.001) were rated as
important criterion by private practitioners more frequently than the other two groups.
Conversely, nonrpractitioners and practitioners from agencies named whether a site
experienced frequent fire prior to European settlement as an iportant criterion
significantly more often than practitioners from private companies ¢2 (2, N = 87) =
8.44,p < 0.02).

The priority of a site depended on the amount of time since it was last burned,
with sites burned two to fifteen years ago having the Ilgihest priority (ANOVA with
Tukey HSD groupsks4s0 = 61.92,p < 0.001). Regardless of stakeholder groups, more
respondents said that sites with good ecosystem health are higher priorities for burning
than sites with poor health (overall proportions were69.8% and 30.2%, respectively).
Stakeholder groups differed in whether they considered sites within the WUI to be
priorities over sites outside the WUI. Compared with practitioners from private
companies, a significantly higher proportion of practitiones from agencies focused on
sites within the WUI (overall¥2 (2, N = 43) = 11.478p = 0.003; agency practitioners and

S z 2 s A N s~ A oA Lo oA
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Rationales
Of the 36 rationales behind the top six priority criteria thrat were presented on

the survey, 19 were named by more than 33% of respondents who were asked about
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them. Seven of these were related to ecological benefits, eight to fire risk, and four to
other types of rationales.

Ecological benefits

Rationalesimplying ecological benefits were related to the time since a site was
last burned, overall ecosystem health, the presence of firebreaks, threatened and
endangered species, and Recbckaded woodpeckers. For all rationales relating to
benefits, there wereno significant differences among stakeholder groups in the
proportion of respondents who considered them important (kgure 4.5).

Fire risk
Four of the rationales related to fire risk showed differences among stakeholder

groups in the proportion of respondents who named them (Figuret.6). Two of these
were related to reduced risk in recentlyburned areas. More respondents from both
practitioner groups agreed that fire behavior is more predictable in recenthburned
areas (overally2 (2, N = 68) =13.401, p = 0.001) and smoke management is easier in
these areas (overally2 (2, N = 68) = 11.442p = 0.003). The other two rationales with
differences among stakeholder groups relate to increased risk in the WUI. Significantly

more practitioners from agenciesthan non-practitioners agreed that fuel buildup in the

75) ET AOAAOAO OEOE 1 £ xEIl AEEPA0OR)I OAOAT T &EOE
Significantly more practitioners from private companies from agencies named the
difficulty with smoke managementinttA 75) j 1T OAOAI 1T &EOEAO8O AgA

0.02).
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Other rationales

There were no differences among groups for the four other rationales identified
as important by greater than 33% of respondents. Three of these rationales were
OA1T AGAA O1 ACATAU Ci Al O AT A 1T AT AAOGAOq i pQ -
for Red-cockaded woodpeckers (hamed by 76% of respondents); (2) Either my agency
or | am mandated to manage for threatened or endangered species (55%); (3) Either
my agency or | receive funding to manage for Rezbckaded Woodpeckers (35%). The
fourth rationale was related to reducing costs: Burning sites with firebreaks requires

less investment (53%).

Discussion

The coordination of diverse conservation interests into multistakeholder
cooperative conservation partnerships is an increasingly common model for
conservation management (Wondolleck and Yaffee 2000). Several such partnerships
have been established to restore firelependent ecosystems such as grasslands,
longleaf pine and ponderosa pine forests (for example: Compton et al. 2006, McDonald
2002, Romme etal. 2003). Previous studies have suggested that the decisions of fire
managers may be riskaverse (Maguire and Albright 2005, Donovan and Brown 2007).
However, different stakeholder groups bring different perspectives to decisions about
prescribed burning for ecosystem management. In order to better understand muti
stakeholder conservation management decisions, | examined how constraints,
priorities, and rationales behind prescribed burning varied among stakeholders in a

regional-scale cooperative consevation framework. To my knowledge, my research is
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the first to examine the prescribed burning priorities of multiple stakeholder groups,
and to explicitly examine the rationales behind priorities. My results show that
stakeholder groups in the Onslow RBjht differ little in their perceptions of the
constraints to burning. Development nearby was the most important constraint,
indicating that the WUI is the biggest limitation on burning activities. There were some
differences among groups in the criteriadhey use to prioritize prescribed burning.
Private practitioners identified the greatest number of important criteria per
respondent, but all groups used the same number of ecological criteria to prioritize
sites. For the rationales related to ecologicélenefits of burning, there was no
difference among stakeholder groups in the proportion of respondents who named
them. Therefore, counter to my expectations, stakeholder groups tend to consider the
ecological benefits of fire similarly when making decigins about which areas to burn.
Differences among stakeholder groups in criteria or rationales almost always
pertained to risk perceptions. Groups differed in both the degree to which their
prescribed burning priorities were influenced by risk, and the wayin which risk
matters. Both groups of practitioners tend to make decisions about burning that are
more risk-averse than those of norpractitioners. Several riskrelated rationales were
named more often by both groups of practitioners than nospractitio ners. In particular,
for practitioners, burning recently-burned sites carries less risk than burning non
recenty-AOOT AA OEOAOS8 AEEO ET AEAAOAO DPOAAOGEOEIT I
(Maguire and Albright 2005). They tend to view decisions aboutrpscribed burning as
a choice between a risky alternative (implement burning) and an alternative with a

certain outcome (do not burn). In reality, both alternatives present risk. In longleaf
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pine, as in other firedependent ecosystems, burning carries sk of damage to nearby
property, harm to human health from smoke, or damage to existing longleaf pine trees
if fires become too hot (Varner et al. 2005). Risks associated with not burning include
loss of biodiversity, and growth of a dense, flammable wogdunderstory, which can
lead to hotter, more damaging fires than the lowntensity fires that occur in frequently-
burned stands (Varner et al. 2005, Brockway and Lewis 1997).

While practitioners were more risk-averse than nonpractitioners, the two
groups of practitioners also differed from one another in how risks associated with the
WUI affected their decisions. A higher proportion of practitioners from private
companies than agency practitioners considered the WUI an important criterion for
determining burning priorities, and assigned a higher priority to sites outside the WUI
to avoid smoke management problems. Conversely, agency practitioners and non
practitioners assigned a higher priority to sites inside the WUI. This suggests that
practitioners from private companies have a greater tendency to use mental
discounting to weight the immediate risks from burning in the WUI higher than the
long-term risks of wildfire after fuel accumulation due to not burning (Maguire and
Albright 2005).

Because pradtioners from private forestry companies generally are under
contracts from private individuals and do not own the land they burn, they are likely
not as focused on longerm consequences of a prescribed burning regime. Therefore,
their focus on avoidingnegative consequences in the shoiterm is not unexpected.
Furthermore, recent federal legislation that recommends the use of prescribed burning

as a tool to minimize the effects of wildfires may serve to reduce the risk aversion in
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public agencies (Natimal Fire Plan and Healthy Forest Restoration Act, O'Laughlin
2005). However, with the projected increase in urbanization and decrease in forested
area throughout the US (Nowak and Walton 2005), constraints on burning in the WUI
are likely to become more wdespread, thus increasing the risk of further decline of
species that depend on firemaintained longleaf pine forest.

In order to minimize perceptions of risk in the WUI, one important strategy for
partnerships in the ecosystem should be to provide infanation and facilitate
incentives for private landowners to use prescribed burning there. In addition,
partnerships should focus on collaboration with communities and local governments to
minimize and manage growth near critical natural areas and corrida. Studies have
shown that public outreach campaigns can be effective in building public awareness
about fire management (Toman et al. 2006). In particular, partnerships can focus on
educating people about how prescribed burning can act to lessen the kisf an
uncontrolled wildfire. Such an effort could make use of data developed by the Southern
Wildfire Risk Assessment, which produced spatial data representing the relative level of
concern for wildfires as well as a wildfire susceptibility index for tle US Southeast.
Either of these data sets could be used to demonstrate to the public the need for
prescribed burning by showing where areas of relatively high risk or probability of
wildfire occur in a given landscape.

Increased risk perception on siteghat have not been burned recently, along
with the likely future increase in WUI, has implications for conservation of species that
depend on the longleaf pine ecosystem. Many threatened or endangered animal

species, including the Regtockaded Woodpeckerrequire longleaf pine forests with an
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open midstory. In addition, there are 16 federally threatened or endangered plant
species associated with the longleaf pine ecosystem for which fire suppression is cited
as a reason for listing (Van Lear et al. 2005 Improving and increasing habitat for these
plant and animal species at ecologically appropriate scales requires-metroducing fire
into degraded sites, especially in corridors between core natural areas (Hoctor et al.
2006). However, the constraints @ burning in long-unburned sites imply the potential
for further degradation of those sites. Such degraded sites may be less attractive for
conservation buyers and more prone to being converted to development, which could
increase the total area in WUI. @en the constraints on burning in longunburned sites
and in the WUI, reintroduction of fire into longunburned sites now, before future
development takes place, is paramount to enhancing habitat for species that depend on
longleaf pine forest.

On the other hand, increased perception of risk associated with burning lorg
unburned longleaf sites also implies less willingness to accept a longer fire return
interval for some sites in any given landscape. This also presents risk to the longleaf
pine ecosystem.Although many longleaf pine communities probably burned every 3
years on average prior to European settlement, there were also likely longleaf sites in
any given landscape were protected from fires and experienced a longer return interval
(Frost 2006). Thus, failing to accept the risks associated with burning less often on
some longleaf sites may lead to a loss of important longleaf communities that would
have existed with a longer fire return interval.

The perceptions of risk by fire practitioners couldplay an important role in the

long-term persistence of all firedependent ecosystems. | found evidence of riskverse



prescribed burning decisions in my study. However, fire management decisions in the
US southeast may actually be less subject to riskeasion than in other regions of the
US. Several southeastern states have passed laws recognizing the utility of prescribed
burning as a land management tool and limiting liability of trained professionals who
implement burning (Yoder et al. 2003). In dter areas, particularly in the US west,
prescribed burners are subject to liability without proof of negligence (Sun 2006). In
addition, prescribed fire councils have been established in all southeastern states to
promote the appropriate use of prescribedire and overcome barriers, while only some
western states have established fire councils (Coalition of Prescribed Fire Councils:
http://lwww.prescribedfire.net/). Therefore, the potential for risk perceptions to
negatively impact fire-adapted ecosystemsuch as ponderosa pine in the western US
may be even greater than for the longleaf pine ecosystem.

This study did not include individual landowners, who can be instrumental in
guiding and conducting ecosystem management and restoration (Sisk et al. 200anV
Lear et al. 2005). Many individual landowners use contractors to conduct their burning,
so landowner priorities and rationales to some extent may be reflected in responses
given by practitioners from private companies. In addition, an extension of thiwork
should be to incorporate stakeholders from the general public: community groups,
government agencies, and other residents with a general interest in conservation.
Including those groups could help engage the public and educate residents about the
need for fire. To further quantify the potential effects of management decisions on the
longleaf pine ecosystem, multstakeholder priorities for burning could be modeled

spatially in a GIS, and decisions about where to burn under different risk, benefind
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constraint scenarios could be charted for a landscape like the Onslow Bight.
Furthermore, a quantitative assessment of the ecological and economic costs that could
be incurred by potential wildfires in the absence of prescribed burning should be
conducted in order to inform costbenefit analyses of conducting prescribed burning.
More generally, to better inform the prospects for ecosystem management and
restoration, ecologists and social scientists need to more fully develop the body of
knowledge regading the social factors that constrain implementation of ecosystem

management in practice.

Conclusions

As expected, prescribed burning decisions are influenced by perceptions of risk,
particularly in the WUI and in sites that have not experienced fire iently. Counter to
my expectations, all stakeholders agreed on the ecological benefits of burning.
However, practitioners tend to perceive more risks than nospractitioners, and the
short-term risks of burning in the WUI affect decisions made by privatpractitioners
most. If the factors that contribute to perceptions of risk persist or worsen, the use of
prescribed burning as a tool for ecosystem management and restoration will be in
jeopardy. Promoting better land use planning to lessen development the WUI is one
strategy to ameliorate a major cause of risk. In addition, and perhaps more importantly,
allowing practitioners to operate under a wider range of uncertainty is critical to
minimizing perceived risks, especially in longunburned areas. Itreased acceptance of
uncertainty and risk could be achieved via fundamental changes to institutional policies

within agencies or management companies, including financial incentives that allocate



more resources to burns or other mechanical treatments toeduce fuel loads in high
risk areas. Collaborative conservation partnerships like the Onslow Bight Fire
Partnership and prescribed fire councils can be ideal vehicles through which to
advocate these changes. When inherent uncertainty in ecological proses and
management actions is acknowledged, management decisions can be part of an
adaptive learning process that is effective at reversing the decline of degraded

ecosystems.
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Tables

Table4.1: Ecological and norecological burn priority criteria named by focus group
participants and used in the online surveys, as well as criteria that were added by
survey respondents.

Criteria

Ecological:
Overall ecosystem healtlof a site
Whether a site contains threatened or endangered species

Whether a site is habitat for redcockaded woodpeckers
Whether a site experienced frequent fire during presettlement
Presence of undesired exotic plants at a site
Non-ecological:

Time since the last burn on a site
Presence of firebreaks at a site
Location of the wildland-urban interface (WUI) on or near a site
Whether a site is being managed for timber
Proximity of a site to other burned sites

Added by respondentg:
Solil type (1)
Potential for pine straw production (1)

dNumber in parentheses indicates the number of respondents who named the criterion.
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Figure 4.1: The Onslow Bight landscape. TNC stands for The Nature Conservancy, WRC

is the North Carolina Wildlife Resources Commission, and NWR means National Wildlife
Refuge.
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Figure 4.2: Constraints on burning and their mean importance for all respondents.
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Figure 4.3: Mean number of important ecological and norecological criteria named per
respondent in each stakeholder group. Asterisk indicates that nepractitioners named
significantly fewer non-ecological criteria than the other two groups, according to
ANOVA with Tukey HSD groups (p &.05). Error bars indicate +1 standard error of the
mean.
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Figure 4.4: Proportion of survey respondents who indicated each criterion is important
for determining burn priorities. Bars represent proportions of the oveall survey
population, while circles, crosses, and diamonds are only shown for criteria that show
significant differences among stakeholder groups.

10¢



