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I. Introduction 

 

In the year 2000, a group of diverse stakeholders in the Yellowwood Lake Watershed in western Brown 

County, Indiana, united to form the Yellowwood Lake Watershed Planning Group (referred to hereafter 

as the Planning Group). These stakeholders, who were primarily volunteers, decided to work 

collaboratively with officials of the Indiana Department Natural Resources toward protecting, enhancing 

and conserving Yellowwood Lake and its watershed. Although collaborative groups of this sort exist in 

other parts of the United States and the world, the Planning Group appears to be unique in the state of 

Indiana because it is the only watershed group that works collaboratively with a government agency, the 

Indiana Department of Natural Resources, to manage a watershed dominated by public land.  In 2006, 

with the support of a grant from the federal government, the Planning Group completed a watershed 

management plan that characterized existing resources and suggested areas for improvement.  The 

Planning Group continues to play an active advisory role in management of the watershed, and is 

currently in the process of applying for formal federal recognition as a non-profit, tax-exempt 

organization with the aim of strengthening its engagement in protecting the watershed.  This effort is part 

of an emerging trend in natural resource management away from simple public or private management, 

and toward more inclusive and complex management styles often called collaborative management 

(Wondolleck and Yaffee, 2000; Koontz and Thomas, 2006). 

Environmental policies throughout the world have been plagued by the misapplication of oversimplified 

policy prescriptions, which Ostrom (2007) refers to as panaceas.  Based on these simplified models, 

analysts make recommendations that support privatization, public ownership, or community management 

as the only solution to social dilemmas involving the use of natural resources.  It is possible that 

collaborative management is being promoted in some circles as a new blueprint.  Empirical evidence 

shows examples of success and failure resulting from all of these blueprints, indicating that panaceas are 

insufficient for achieving the goal of sustainable resource uses.   

In order to gain a deeper understanding of the factors that actually contribute to on-the-ground forest 

conservation, the International Forestry Resources and Institutions (IFRI) Research Program gathers 

systematic comparative data on the interrelationships between communities, institutions, and forests at the 

micro level (Gibson et al., 2000).  The IFRI network consists of 13 collaborating research centers in 12 

countries, each of which is responsible for conducting research and sharing data in a common format.  

Since its founding in 1994, IFRI studies have been conducted in over 150 sites, and many sites have had 

multiple revisits. 

In this report, we present the results of the first visit of the Bloomington, Indiana, collaborating research 

center to the forest delineated by the Yellowwood Lake Watershed.  Yellowwood Lake Watershed covers 

4,410 acres in Brown County, Indiana, approximately 10 miles from Bloomington and 50 miles from the 

state capital, Indianapolis.  Eighty percent of the watershed is owned by the State of Indiana and managed 

by the Indiana Department of Natural Resources Division of Forestry as part of the Yellowwood State 

Forest.  The remaining land is owned by 55 different private landowners.  The present pattern of land 

ownership dates back to the 1930s, when the U.S. government bought up a large quantity of degraded, 

poor-quality farmland in the region in an effort to resettle farmers in areas where their efforts would be 

more profitable. The federal government allowed land in the watershed to return to forest because it was a 

more economically beneficial land use.  Due to its proximity to population centers and the scenic beauty 

of rolling hills surrounding a man-made lake, Yellowwood Lake Watershed is a major recreational asset.  

Controversy over land uses on public lands in the watershed, including timber harvesting and road 

modification has existed for several decades.   

Past IFRI studies undertaken by the Bloomington collaborating research center have focused on relatively 

small forests owned by community entities.  Because it covers a larger area, and because it primarily 



 2 

consists of land managed by a government forestry agency, the Yellowwood Lake Watershed study 

provides researchers the opportunity to address some questions that have not been asked in previous IFRI 

studies in the United States.  We organize this study around the following questions: 

 What are the current social and biophysical conditions in the forest?  

 How have conditions been influenced by policies and activities of users?  

 How can multiple stakeholders and interest groups collaborate in the governance of forests under 

state ownership?   

 Has the impact of the Planning Group supported improved conservation? 

 What challenges and opportunities exist for the long-term sustainability of both the Planning 

Group and the forest itself? 

The next section of this report outlines in more detail the theoretical framework that underlies our 

research.  The third section describes our research methodology.  The fourth section reports the results 

and analysis of our forest mensuration.  In the fifth section we discuss the institutions that currently exist 

in the watershed, and analyze how the collaborative process functions in the management of the 

watershed.  Finally, the sixth section evaluates the opportunities and challenges that the forest and the 

collaborative group may face in coming years and suggest directions for future research. 

 

II. Theoretical Framework 

 

As we envision it, Yellowwood Lake Watershed consists of natural resources, social institutions,
1
 

organized stakeholder associations, and informal groups of users. For example, the Yellowwood Lake 

Watershed Planning Group is a key stakeholder association formed to advise the Indiana state 

government on the sustainable management of Yellowwood Lake and its forested watershed. Our analysis 

of this group and other forces at work in the watershed draws on literature analyzing common-pool 

resources and associated governance institutions.  

2.1  Common-Pool Resources and Design Principles for Collective Action 

Common-pool resources are resources that are subtractable and from which it is difficult to exclude 

people (McKean, 2000).  “Subtractable” means that one person‟s use of the resource decreases the 

amount or quality available for another person to use.  For instance, each fish taken out of a pond is not 

available for someone else to catch.  “Difficult to exclude” means that it is difficult for any entity to 

regulate or restrict the use of a resource; it may be possible to keep people from fishing in the goldfish 

pond in a private yard, but it may be nearly impossible to keep people from fishing in the open ocean.  

Many environmental goods, including forests, are common-pool resources.
2
    

                                                 
1
 As used here, “institutions” are defined by the IFRI team as rules that guide behavior; these rules can be formal or 

informal but are generally known. Institutions influence people‟s behavior widely; an example of a formal rule in 

Yellowwood is that swimming is prohibited in the lake.  Informal rules include campers‟ etiquette, such as leaving a 

campsite as clean (or cleaner) than you found it. People may disregard institutions, especially when enforcement is 

lacking, but most people recognize them. 
2
 Academic literature on property rights generally distinguishes the nature of a good, which is understood as 

invariant, from the regime used to manage the good (e.g., Ostrom, 2005). For example, one individual could buy a 

pasture, build a fence around it, and use it as private property for grazing cows. That individual could allow others to 



 3 

Because it is difficult to exclude users from common-pool resources, and because each use takes away 

from the resource, many analysts have issued pessimistic predictions about long-term sustainability of 

goods with these characteristics.  Hardin (1968) popularized the phrase “Tragedy of the Commons” to 

describe the situation where each user takes as much of the resource as he or she can, leading to rapid 

resource depletion.  Tragedies of the commons are widespread in the modern world; overfishing of open-

ocean fisheries and depredation of open access forest areas are two prime examples. However, careful 

analyses of case studies have revealed a surprising ability of people to manage common-pool resources 

sustainably using a broad array of institutional arrangements.  Ostrom (1990) identified a set of 

characteristics common to successfully manage common-pool resources (see Table 1). 

Table 1: Design principles illustrated by long-enduring common-pool resource institutions 

(after Ostrom, 1990, p. 90) 
1. Clearly defined boundaries: Individuals or households who have rights to withdraw resource units 

from the common-pool resource must be clearly defined, as must the boundaries of the resource itself. 

2. Congruence between appropriation and provision rules and local conditions: Appropriation rules 

restricting time, place, technology, and/or quantity of resource units are related to local conditions and 

to provision rules requiring labor, material, and/or money. 

3. Collective-choice arrangements: Most individuals affected by the operational rules can participate 

in modifying the operational rules (explained below). 

4. Monitoring: Monitors who actively audit common-pool resource conditions and appropriator 

behavior are accountable to the appropriators or are the appropriators 

5. Graduated sanctions: Appropriators who violate operational rules are likely to be assessed 

graduated sanctions (that is, penalties that depend on the seriousness and context of the offense) by 

other appropriators, by officials accountable to these appropriators, or by both. 

6. Conflict-resolution mechanisms:  Appropriators and officials have rapid access to low-cost local 

arenas to resolve conflicts among appropriators or between appropriators and officials. 

7. Minimal recognition of rights to organize: The rights of appropriators to devise their own 

institutions are not challenged by external governmental authorities 

8. For common-pool resources that are parts of larger systems: 

Nested enterprises:  Appropriation, provision, monitoring, enforcement, conflict resolution, and 

governance activities are organized in multiple layers of nested enterprises. 

 

                                                                                                                                                             
use the pasture but charge them each a fee. The pasture could be bought by the government, which could set and 

enforce rules for its use by the public. Or, the pasture could be owned and managed by no one and everyone could 

use it indiscriminately. Each of these examples illustrates a different land management regime. However, the pasture 

itself remains a common-pool resource. In its natural state, it satisfies the two requirements for this classification: 

when one farmer‟s cow grazes on the pasture, that cow eats grass no longer available to another farmer‟s cow 

(subtractibility), and it is difficult to keep cows and people from using the pasture (difficulty of excludability). 



 4 

 

2.2  The Institutional Analysis and Development Framework: Institutions, Rules, and Multiple Actors 

in Resource Management 

Over multiple decades, Ostrom (1990, 1999, 2005), Ostrom et al. (1994), and colleagues at Indiana 

University have developed the Institutional Analysis and Development (IAD) framework as an attempt to 

provide social and natural scientists with an understanding of the dynamic interplay between individuals, 

communities, and the biophysical world. Various worldwide studies based on the framework, including 

studies undertaken by the IFRI network, have used the framework to evaluate the effectiveness of 

multiple governance institutions in protecting natural resources (e.g., Agrawal, 2001, Hayes, 2006). Our 

analysis of the resources, institutions, and stakeholders in the Yellowwood Lake Watershed is guided by 

this framework.  

Three aspects characterize this Institutional Analysis and Development Framework. First, it specifies that 

decision-making processes occur within a social space that includes all the actors whose interactions 

shape the decision. Second, it posits that individual choices are affected by three kinds of exogenous 

variables: rules,
3
 community attributes,

4
 and biophysical conditions.

5
 Third, the framework notes that 

decision-making frequently takes place at multiple levels of authority. Ostrom (2005) calls these levels 

operational, collective, and constitutional-choice arenas.   At the operational level, decisions are guided 

by immediate rules. Choices at this level affect the physical status of the world. For instance, rules made 

at this level may regulate when, where, and how resources may be used, what monitoring strategy may be 

utilized, and which punishment or compensation may be applied to users (Ostrom, 1990).  At the 

collective choice level, decisions influence rules implemented at the operational level. Collective choices, 

by specifying rights and responsibilities of individuals, influence how users engage with specific 

resources at the operational level.  Collective choices and the rules they produce concern the range of 

rights and responsibilities of individuals. Ostrom (1990:52) characterizes this level as an arena for 

“formulation, governance, adjudication, and modification of constitutional decisions.” 

2.3 Watershed-Scale Management and Collective Action on U.S. Public Lands 

The Yellowwood Lake Watershed Planning Group is the result of a joint effort among stakeholders and 

government officers to manage public land at a watershed scale. Collaborative efforts such as those 

engaged in by the Planning Group represent an increasingly important trend in public lands management 

in the United States. Some groups have emerged in areas where there was once intense conflict over land 

management, and are seen by many as inexpensive, win-win solutions to land management dilemmas 

(Wondolleck and Yafeee, 2000). Interest in collaborative management of public lands in the United States 

received a major boost in 2001, when the U.S. Department of the Interior characterized its primary goals 

as managing using the “four Cs”: collaboration, communication, cooperation, and conservation 

(Goldsmith and Eggers 2004).  However, relatively little attention has been paid to understanding the 

impact of collaborative groups that do not own land but influence land management through their 

engagement with government land management agencies (Koontz and Thomas, 2006). 

Those agencies, as well as resource management scholars, are increasingly embracing watershed-scale 

projects (Sabatier 2005). Management at the watershed level is preferred to management of units defined 

by human barriers or boundaries because, according to the U.S. Forest Service and Bureau of Land 

                                                 
3
 Rules are defined by (Ostrom, 2005:18) as “shared understandings by participants about enforced prescriptions 

concerning what actions or outcomes are required, prohibited, or permitted.” 
4
 Community attributes may include key characteristics of individuals such as their perceptions, cultural values, and 

expected outcomes from interactions.  
5
 This factor represents the characteristic of the managed resource, such as its long-run availability, importance to 

the community, and threats. 
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Management (1995), watershed-scale analysis is a systematic way to organize ecosystem information and 

better estimate direct, indirect, and cumulative effects of management practices and land-use patterns on 

ecosystem health. 

 

III. Methodology 

 

Between September 8 and October 24, 2007, Indiana University‟s IFRI team visited Yellowwood Lake 

Watershed on multiple occasions, including five times as a team and several additional times in smaller 

groups.  In one of the first visits, the group attended a regular meeting of the Yellowwood Lake 

Watershed Planning Group in order to introduce the IFRI team members to Planning Group members, 

discuss the study, and collect initial data about the group and site.  Data collection methods included 

semi-structured interviews with Yellowwood users and reviews of secondary sources to determine the use 

and management of the forest, the rules and sanctions that limit interactions with it, what is harvested 

from it, and what is done to protect it.  We also gathered data on socioeconomic and demographic 

information such as population size, income, and occupations.  Interviewed users included campers, 

hikers, and horse riders, in addition to representatives of the Planning Group.
6
  Some information was 

obtained via telephone conversations and e-mail.  Secondary sources and documents, such as the 

Yellowwood Lake Watershed Management Plan, were also reviewed.   

 

The team visited the site twice to conduct forest mensuration.  Forest sampling was performed in 33 

randomly selected plots on public lands throughout the Yellowwood Lake Watershed (Map 1).  To ensure 

random selection of plots, their locations were generated on a regularized grid using a random initial 

location.  Each plot was circular and consisted of three nested plots with radii of 10, 3, and 1 meters.  

Within the 10-meter plot, the species, height, and diameter at breast height
7
 (dbh, taken at the height of 

1.37m) of all trees with dbh greater than 10cm were recorded.  Within the 3-meter plots, tree saplings 

(dbh between 2.5 and 9.9cm), shrubs, and climbers were examined to determine species, diameter, and 

height.  Within the 1-meter plots, tree seedlings and other ground cover were observed to determine 

species and amount of coverage.  The IFRI research team also recorded general information about soil 

erosion, insect damage, aspect, percentage of crown cover, plot conditions, and evidence of human 

intervention.  Global Positioning System (GPS) units were used to locate plots and accurately record plot 

location.  Temporary rather than permanent plots were used at this site.  This information was 

subsequently used to describe the current state of the forest.   

 

 

IV. Forest Results, Analysis and Discussion 

4.1  Biophysical Overview 

Yellowwood Lake Watershed is located in Brown County in Southern Indiana.  It has a temperate climate 

with warm, humid summers and relatively cold winters. The average temperatures are similar to nearby 

Bloomington, IN, which has an average winter temperature of 32°F and an average summer temperature 

of 75°F.  Total annual precipitation is 40.2 inches, with the majority of the precipitation occurring from 

April to September (Yellowwood Lake Watershed Management Plan, 2006).      

                                                 
6
 A list of all stakeholders groups in the watershed, published by the Planning Group in their 2006 Management 

Plan, is provided in Appendix C 
7
 Diameter at breast height is a standard  term used by foresters to refer to the measurement of a tree‟s diameter at a 

standard height, typically 1.37m (equal to 4.5 feet) above ground level. 
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The watershed is about 20 miles south of the glacial maximum.  Stony soil over siltstone is the dominant 

surface geology. Elevation in the watershed ranges from 587 to 956 feet above sea level with slopes 

ranging from 0 to 90 degrees. It is located within the Norman Upland portion of the Interior Plateau 

Ecoregion.  This ecoregion is characterized by deeply dissected, rugged terrain with high hills and knobs, 

narrow valleys, medium to high gradient streams, and silt loam soils. One-third of the watershed is 

characterized with mesic and dry slopes, with the remainder in equal portions of bottomland and ridges. 

Naturally, this region of the central hardwoods was composed of oak-hickory forests at higher elevations 

and beech-maple in the valleys (Yellowwood Lake Watershed Management Plan, 2006).      

Yellowwood Lake Watershed is located within the greater North Fork Salt Creek-Jackson Creek 

Watershed.  The watershed is approximately 4,410 acres, 3,500 acres of which is publicly owned as a 

portion of Yellowwood State Forest. Fifty-five private land holdings make-up 910 acres within the 

watershed and occur in the central and northern portions of the watershed. A 131-acre reservoir, 

Yellowwood Lake, is located at the southern end of the watershed. Two major tributaries feed the lake: 

Jackson Creek and John Floyd Hollow.  Five roads exist in the watershed: Yellowwood Lake Road, Tulip 

Tree Road, Dubois Road, Lanam Ridge Road and Amy Lane.  Yellowwood Lake Road bisects the 

watershed and follows Jackson Creek, crossing it twice while Tulip Tree Road and Dubois Road follow 

along the western and eastern ridge tops respectively. Lanam Ridge Road follows the north ridge of the 

watershed. Trails within the watershed are used for hiking and horse riding and are concentrated in the 

southern half of the watershed where public land is public land is dominant. Horse trails are considered 

multiple use trails with use by hikers, while designated hiking trails, particularly near the lake are for 

hikers only. The publicly-owned portion of the watershed is divided into 47 management tracts, 30 of 

which have been harvested for timber and show evidence of logging (Yellowwood Lake Watershed 

Management Plan, 2006).      

4.2 Current State of the Forest  

 

Several general statistics were calculated to describe the current state of the forest.  Both structural and 

compositional factors were evaluated.  At the forest-level, we included crown cover, basal area, and 

density.  At the species-level, we calculated basal area, density, frequency, importance values, and height 

for both trees and saplings.  A complete species list is included in Appendix A.  Additionally, formulas 

for every equation used below are detailed in Appendix B.  In this study, a tree is defined as an individual 

with a diameter at breast height (DBH) of 10 cm or greater, a sapling is defined as having a DBH of 

between 2.5 cm and 10 cm, and a seedling has a dbh that is less than 2.5 cm.  We also present our 

observational data here.  All our information was gathered from 33 plots in the state-owned portion of the 

watershed as presented in Map 1. 

 

4.2.1 Forest Results 

  

Tree basal area is the cross-sectional area of a tree at breast height.  Here, we express basal area as the 

total cross-sectional area of the trees in the stand, expressed per hectare. The average basal area of trees in 

Yellowwood Watershed is 27.7 m
2
 per hectare. Tree density is a measure of the number of trees in a 

particular stand. The average density of trees in Yellowwood Watershed is 394.7 stems per hectare with 

plots ranging from 222.9 to 892.7 stems per hectare.   

Crown cover is an indication of how much sunlight can reach the forest floor.  The average crown cover 

we found during our sampling in late summer and early fall was 56.8 percent.  The crown cover values 

for all plots ranged from 20 percent to 90 percent.    
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In their 2005 statewide inventory of the state forest system, the Division of Forestry collected data from 

13 variable radius, non-permanent plots located on state land within the Yellowwood Lake Watershed.  

These plots were located in a uniform grid across the watershed.  Raw data from these 13 plots were 

provided by the Division of Forestry Central Office.  We converted this data (English units) to mirror the 

IFRI protocols (trees > 10 cm dbh) for the 10 meter overstory tree plot and found that the basal area was 

24.7 square meters/ha and the density was 610 trees/ha.  A comparison between the IFRI inventory and 

the state inventory can be done using the Central Hardwood‟s Upland Hardwood Stocking Guide (Rogers, 

1980; Roach and Gingrich, 1968).   The stocking guide is a widely accepted tool for field foresters to 

evaluate forest stands in the Midwest.  For the IFRI data the stocking is 100 percent, and for the DNR 

data the stocking is 94 percent.  The similarity of the stocking determination from the two data sets is 

validation of each data set.    

Map 1: Forest Plots in Yellowwood Lake Watershed 
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4.2.2 Tree Results 

 

To describe the trees, we calculated the basal area, density, and frequency of all species.  Density here is 

the number of stems of each species across the area of the entire watershed expressed in stems per 

hectare.   The density of sugar maple was the highest with an average of 97.5 stems per hectare.  Short 

leaf pine had a density of 35.7; white oak had a density of 31.9; American beech had a density of 31.9; 

and chestnut oak and red maple had densities of 26.1.  White oak basal area (BA) was the greatest with 

4.9 square meters per hectare.  Sugar maple had a basal area of 4.0; chestnut oak was 2.9; shortleaf pine 

was 2.6; and tulip poplar had a basal area of 2.3 square meters per hectare.  Frequency is a measurement 

of how commonly a species occurs across plots.  Sugar maple occurred in the most plots; it was found in 

78.8 percent of the plots, while American beech was found in 51.5 percent of the plots; white oak on 39.4 

percent; tulip poplar on 33.3 percent; and red oak on 27.3 percent of the plots.     

   

Importance values rank species within a site based upon three criteria: 1) how commonly a species occurs 

across plots (frequency); 2) the total number of individuals of the species per hectare (density); and 3) the 

total amount of cross sectional area of trees at dbh occupied by the species (basal area). These are all 

equally ranked in the forest importance calculation
8
 (Figure 1).  The importance values of all species will 

add up to 1.0.  While the word “important” is used, this description utilizes the three criteria above to 

assess the overall dominance of each species in the forest, but should not be used to discount the actual 

importance of other species to forest biodiversity and ecosystem functioning.  However, this index does 

aid us in assessing the successional state of the forest.   

Figure 1: Importance values for the ten most important species in Yellowwood Lake 

Watershed  
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We found that sugar maple is the most important species in the forest, followed by white oak, American 

beech, chestnut oak, and tulip poplar.  Sugar maple and American beech are both very shade-tolerant 

species, so this indicates that the forest is becoming dominated by late successional species.  A summary 

of average tree size (dbh and height) for the five most important species is shown in Table 2.   

                                                 
8
 This calculation is more thoroughly described in Appendix B. 
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Table 2: Average dbh and height of trees with the five highest importance values 

Species Scientific Name Average DBH (cm) Average Height (m) 

Sugar Maple Acer saccharum 19.9 17.8 

White Oak Quercus alba 40.7 27.2 

 

American Beech 

Fagus grandifolia 18.8 

14.9 

Chestnut Oak Quercus prinus 35.1 22.8 

Tulip Poplar Liriodendron tulipfera 31.5 22.3 

 

White oak was the largest followed by chestnut oak, tulip poplar, sugar maple, and American beech.  

 

4.2.3 Sapling Results 

 

In order to describe the saplings, we calculated the density, basal area, frequency, and importance value of 

all species.  American beech had the largest sapling density at 160.8 stems per hectare.  Sassafras had a 

density of 64.3 saplings per hectare; pawpaw had a density of 42.9; and sugar maple had a density of 

32.2.   All others were 21.5 stems per hectare or 10.7 stems per hectare .  The basal area of red maple was 

the greatest with 0.6 m
2
 per hectare.  Sugar maple had a basal area of 0.3 m

2
 per hectare; American beech 

had a basal area of 0.26 square meters per hectare; while red elm and tulip poplar had a basal area of 0.1 

m
2
 per hectare.  American beech had the highest frequency, occurring in 27.23 percent of the plots.  Sugar 

maple had a frequency of 21.2 percent; red maple had a frequency of 15.2 percent, sassafras had a 

frequency of 9.1 percent, and American hophornbeam and tulip poplar had frequencies of 6.1 percent.  

The remaining species occurred as saplings in only one plot, or 3.03 percent of the time.   

The importance values of saplings give some indication of recruitment in the forest area.  The importance 

values of the ten most “important” sapling species are presented below (Figure 2):  
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Figure 2: Importance values for ten most important sapling species in Yellowwood Lake 

Watershed 
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We found that American beech is the most important sapling in the forest, followed by red maple, sugar 

maple, sassafras, and tulip poplar.  Also, it should be noted that American beech is more dominate at the 

sapling tree size than (24 percent) than sugar maple (19 percent) was at the tree size.   

4.3 Analysis and Discussion 

 

Though the forest is currently dominated by oaks in height and dbh, maple and beech are increasing in 

number and height and dbh.  This indicates that the forest is in transition to a beech-maple dominated 

community from an oak-hickory dominated community.   

 

Based on the limited ranges of density and basal area across plots, we can say that the forest is fairly 

uniform.  In southern Indiana, ashes, tulip poplar, sassafras, red and black oaks, black walnut, and elms 

are early colonizers.  The hickories, white oak, sugar maple, and beech are late successional species.  In 

older, more mature forests that lack natural or anthropogenic disturbance, the three highest importance 

values should be for beech, sugar maple, and tulip poplar (Schmelz and Lindsey, 1965).   In Yellowwood 

Lake Watershed, sugar maple is the most important tree species and beech is the third most important tree 

species. In contrast, white oak and chestnut oak are second and fourth most important, respectively.  

However, sugar maple is highest in importance due to its high frequency and density while white oak 

dominates due to its high basal area.  Beech also has high occurrence.  While sugar maple and beech are 

generally smaller, they are more abundant than oak or hickory.  This is reflected in their average dbh and 

height.  White oak and chestnut oak are both taller and bigger than sugar maple and beech.  This reveals 

that sugar maple and beech are not dominating the canopy.  In individual competition, oaks are dominant 

over sugar maple and beech.  However, at the stand level, sugar maple and beech are more dense and 

more abundant.  Because of this, we predict that as the oaks die, maple and beech will increase in size and 

their importance will increase.    

  

In addition, the level of seedling recruitment for oaks is very low.  American beech, red maple and sugar 

maple are the most important seedling species with oaks and hickories absent from the top ten.  While 

oaks had the largest basal area as trees, American beech, red maple and sugar maple have the largest basal 
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area as saplings.  Two species that were not very important as trees, sassafras and pawpaw, were 

recognizably more important as saplings.   This may indicate these are among the predominant understory 

species.  Sassafras is defined by the USDA (2007) as being both a tree and a shrub, which may explain 

why it was not a major influence in the tree data.  Also, pawpaw is an understory tree species.  Tulip 

poplar was important in both tree and sapling data, as is expected; tulip poplar is long-lived and grows to 

a large size, so it can maintain its presence into late successional stands.  The sapling findings support our 

hypothesis that the forest is in the process of transition from an oak-hickory to beech-maple forest.   

    

The high stocking levels described in the results (100 percent is considered maximum stocking) clearly 

indicate that the forest has reached a stage where there will be increased competition for growing space 

among the existing trees in the canopy and that the understory will consist primarily of shade-tolerant 

species.  Only through management intervention (i.e. timber harvesting, TSI, etc.) or natural disturbance 

(i.e. wind or ice storms, insects, disease, etc.) will the forest stocking/structure change.  The forest is 

transitioning from an oak-hickory to a beech-maple forest.  This transition may have ramifications for 

species that depend on oaks and hickories and the ecosystem as a whole.     

While the overall quality of the forest is difficult to quantify, many general observations about the forest 

were made within plots as well as traversing between them.  Such observations are often subjective; 

however, they can lead to a snapshot of the situation of the forest that cannot be obtained on quantitative 

plot data alone.  We observed very little pest damage (one plot) and only natural erosion in our plots, 

which is positive.  Even though our plots included slopes that ranged from zero to 58 degrees, erosion 

was not dramatically apparent.  Moreover, non-native pines (see section 5.1) seem to be falling out of the 

system due to their inability to regenerate in the shade of other trees.   We noted no signs of herbivory by 

livestock.  This is due to the fact that cattle are not allowed to graze within the public portions of the 

watershed.   We occasionally observed beer and soda cans and shotgun shells both within and outside of 

our plots.  This shows that the forest is actively being used, but primarily for low-disturbance activities.  

We also observed invasive plant species along roads, in disturbed areas, and along stream banks.  This 

indicates that invasive plants are spread primarily by human traffic and water.   

Finally, we must reiterate that these plots were only on public land and primarily in the southern portion 

of the watershed, so we know less about the northern part of the watershed and the private lands within.  

In the future, more systematic observations would aid us in linking human actions more closely to forest 

structure.  Lastly, actively identifying invasives and surveying their dispersal patterns would aid 

management. 

 

V. Institutional Results, Analysis and Discussion 

Yellowwood Lake Watershed provides benefits to many different stakeholders who relate to each other 

through a variety of formal and informal institutions.  In this section, we analyze the formation and the 

current status of these institutional arrangements with particular focus on the emergence and persistence 

of institutions for collective action during the last decade.  We begin by examining the social history of 

Yellowwood Lake Watershed and then go on to inspect the current pattern of use in the watershed.  We 

complete this section by analyzing the public land use decision-making process in the watershed. 

5.1 Social History 

Prior to 1800, the Yellowwood Lake Watershed was forested land occupied by indigenous people.  In the 

early nineteenth century, the region began to be transformed by European-descended farmers.  The 

Yellowwood settlement was established in 1821 by the U.S. Government, who gave land to veterans of 

the War of 1812.  Due to thin soils and rough terrain, settlements like Yellowwood in the Brown County 
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Hills were limited in size and sparsely connected.  This contrasted with other places in the state, 

particularly in northern Indiana, where forests were cleared rapidly and replaced by extensive farms.  

Because of the Yellowwood settlement‟s poor soils and relative inaccessibility, poverty plagued the 

region and development proceeded slowly.  Nonetheless, the area was largely deforested by 1900.  By the 

1930‟s, the farming had degraded the poor soils, and with the Great Depression, many marginal farmers 

were pushed off the land and into towns.  (Parker, 1997; Friends of Yellowwood, 1990) 

During the Great Depression, the federal government stepped in to provide assistance to farmers on 

marginal land in Yellowwood.   In 1934, the land that later became Yellowwood State Forest was 

purchased by the U.S. Bureau of Agricultural Economics Resettlement Administration as part of the Bean 

Blossom Project Utilization Project, which intended to help relocate farm families off of unprofitable 

farms.  A Civilian Conservation Corp (CCC) camp was established on the property, and CCC employees 

planted more than 2000 acres of trees, primarily non-native red and white pines. The CCC also built a 

system of fire roads throughout the property, including Yellowwood Lake Road which made the area 

more accessible.  The remaining private landowners in the general area also reforested 4000 acres in 

1934, although it is not clear if all these acres were inside of the watershed.  The Works Progress 

Administration was also active in the area and built the Yellowwood Lake Dam in 1939. Abandonment of 

farming and grazing led to rapid natural reforestation of the area. (Indiana Division of Forestry, 2006; 

Brown County Democrat, 2000) 

In 1940, the Indiana Division of Forestry began leasing the property from the federal government.  The 

state purchased the land in 1956.  During this time, the Division of Forestry operated under a state 

political patronage system that did not place emphasis on relevant experience or merit as much as 

obligatory donations as a prerequisite for employment and certain services. The power of the patronage 

system was reduced when the state legislature passed the Property Managers‟ Act of 1971.  As a result of 

the requirements of this law, an increasing percentage of Division of Forestry employees were trained in 

forestry or natural resource management.  Since 1956, the size of the state‟s land holdings in Yellowwood 

has not changed significantly. However, trees in the watershed have matured and both the Division of 

Forestry and some private landowners have begun to harvest timber in recent decades. (Indiana Division 

of Forestry, 2006) 

Several controversies have occurred regarding the management of the state forest land.  A major 

controversy in the watershed occurred in the early 1990s when the state proposed to widen and pave the 

road through the watershed.  Friends of Yellowwood, a volunteer group of local landowners and other 

citizens organized against the road modifications on the grounds that the modifications would increase 

traffic in the area and do environmental damage.  The Friends were successful at convincing elected 

county officials to reject the changes.  After their victory, the Friends remained active and have been 

involved in a number of other land management issues in the watershed, including stopping the 

construction of a radio tower on a watershed ridge top and decreasing pesticide use in sensitive areas. 

Another controversy in the watershed centered around logging on state land.  Friends of Yellowwood, the 

Indiana Forest Alliance, Heartwood, and other environmental organizations organized to oppose logging 

in the Yellowwood State Forest in the late 1990s and galvanized a large amount of public attention in 

2000 with a series of protests.  Concerned about the confrontational tone and the lack of progress on the 

issue, some members of the Friends began talking to the property manager and the state forester about 

ways to establish a constructive dialog about management of the area. Members of the Friends also 

attended a workshop at Purdue University on collaborative resource management.  After this workshop, 

the Division of Forestry, the Friends, and several other groups began meeting as the Yellowwood Lake 

Watershed Planning Group.  Over the last seven years, the Planning Group has had approximately 20 

members from various stakeholder groups, almost all of whom have served strictly as volunteers.  

Participation of some of these groups has fluctuated over time.  
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In 2003, the Planning Group wished to apply for a watershed planning grant under a grant program 

administered by the U.S. Environmental Protection Agency under section 205(j) of the Clean Water Act.  

However, the group did not have the legal status to submit a proposal for the grant.  The property 

manager and state forester offered to apply for and administer the grant on behalf of the group while still 

giving the Planning Group full ability to make associated management decisions.  The group received the 

two-year grant in 2004 and was able to hire a coordinator to write a watershed plan that was completed in 

2006.  As funding expired in 2006, the group no longer has any employees.  The collaboration between 

the state and the group for purposes of obtaining the grant was an informal arrangement. Currently the 

Planning Group is pursuing recognition as a federally registered non-profit, tax exempt organization 

5.2 Current Patterns of Use  

The Yellowwood Lake Watershed has an enormous number of users for whom its multiple uses are 

nonexclusive. For instance, a member of the local community who hunts in the watershed may also go for 

a hike, and a watershed resident may also fish in the lake.  Delimiting different user groups and 

describing their relationships is therefore quite difficult. In addition to these disparate user groups, a 

portion of the land within the watershed and forest is owned by private individuals.  Most of these users 

do not belong to any formal association and have limited relationships with each other.  There is no 

formal landowner organization, and the landowners the research team spoke with reported that they had 

few regular interactions with their neighbors.        

    

Recreation and timber management are the primary uses of the forest. Recreational users include hikers, 

horse riders, fishers, campers, mushroom gatherers, and others.  These users may visit the area on 

repeated occasions or may visit only once. Timber harvesting is the most important, empirically measured 

economic activity conducted on the watershed in terms of revenue, controversy, and arguably in terms of 

environmental impact.  Some members of the Planning Group feel that recreational activities taken in 

total may generate more „revenues‟ for the community than timber, this cannot be addressed with the 

current information available.  State lands are divided into management tracts, which are evaluated for 

potential timber harvest on a 20 year rotation.  Logging is restricted on 374 acres of state holdings 

because these acres are characterized by steep slopes and riparian zones or are recreational areas.  Since 

the Planning Group was founded in 2000, only two tracts have been harvested for timber (Map 2). 
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Map 2: Yellowwood Lake Watershed Management Tracts, including restricted harvest areas 

denoted as old forest.  (Source: Yellowwood Lake Watershed Planning Group, 2006) 

  
 

Campers constitute the largest group of Yellowwood recreational users for which rough estimates exist. 

Annual camping permit revenue statistics support the observation of interviewees that the number of 

campers using Yellowwood has remained relatively constant over the past decade. The revenue statistics 

allowed IFRI researchers to estimate (very roughly) that 5,800 individuals camp in Yellowwood per 
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year.
9
 An interviewee noted that there seems to have been a recent demographic shift among campers; 

couples and students are camping with greater frequency and young families seem to be camping less.    

No reliable information is available on the number of day users who come to the Yellowwood Lake 

Watershed.  Recreational activity centers around the Lake itself.  Most recreational users are from 

Bloomington, Nashville, Indianapolis, or other Indiana communities within a two-hour radius of the 

forest. This radius likely expands during holiday weekends. Interviewees indicated that usage of the forest 

by campers, hikers, and boaters has increased over time, whereas usage by hunters has decreased, 

particularly in recent years.  While there are formal organizations representing hikers, horse riders, 

fishermen, and hunters, other uses, such as camping and recreational boating, do not have formal 

organizations.  From our interviews with visitors, it appears that only a very small percentage of users are 

aware of, or belong to, formal organizations that are engaged in representing users either within the 

planning group or in other fora.  A high percentage of visitors we spoke with indicated that they were not 

regular users of the forest. 

  5.3 The decision-making process 

 

Based on the Institutional Analysis and Development Framework developed by Ostrom and her 

colleagues (Ostrom et al, 1994, Ostrom, 2005), the decision-making processes influencing Yellowwood 

Lake Watershed management is summarized in Figure 3. As shown in the figure, decisions affecting the 

watershed ecosystem at an operational level are results of a coalition of forces acting at collective choice 

level.  The Planning Group, which integrates multiple stakeholders concerned with watershed 

conservation, participates in the decision making process through monthly meetings and other 

communication with the state‟s representatives. The group aims to achieve internal consensus, which 

members recognize as gaining broad, preferably unanimous, agreement on issues of concern. Members of 

the Planning Group have varied somewhat on their expectations of consensus, such as whether they feel 

that unanimity is necessary or whether a large majority is more realistic. The strong commitment to 

consensus does give those holding minority opinions on any issue an opportunity to delay decisions until 

they either convince the others or there is broad agreement that they have debated an issue long enough. 

At any rate, the consensus-building process gives Planning Group members an advisory voice in state 

decisions, and also requires that they have an equal voice in decisions about the operation of the planning 

group itself.  In this section we describe how decisions have taken place in the watershed, concentrating 

on how interactions among multiple stakeholders have fostered collective decisions.  

                                                 
9
 This figure was calculated by dividing a multi-year average of the forest‟s annual camping revenues by eight 

(because a campsite permit costs $8.00 per night), then multiplying the resulting figure by two (because researchers 

assumed that most individuals do not camp alone and thus at least two people are covered by one campsite permit). 

This figure likely underestimates the annual number of campers because families of more than two individuals often 

share campsites and because it does not account for back-country campers who are not required to purchase permits. 
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Figure 3: Analysis of the decision-making process for the Yellowwood Watershed 
 

 
 

For the 80 percent of the watershed under state ownership, the Indiana Division of Forestry is the ultimate 

decision-maker for its management. This is a traditional bureaucratic land management agency with a 

clear organizational hierarchy and a codified mandate. The framework of laws governing the Division of 

Forestry and its superior agency, the Department of Natural Resources, is laid out in the Indiana Civil 

Code, which is constituted by laws passed in the state legislature and approved by the governor.  The 

Division operates within a legislatively approved budget.  It has manuals and standard operating 

procedures that govern its day-to-day operations and define its organizational and decisional hierarchy.   

The director of the Division of Forestry, the state forester, is under the supervision of deputy directors of 

the Department of the Natural Resources.  The DNR Director is appointed by the Governor who then 

hires the deputy directors. The state forester and the property forester supervise the Yellowwood property 

manager and his or her employees. These local public officials can make some decisions without higher-

level approval (e.g., allowing a small special event to occur in the forest), but require approval from their 

superiors for major projects or deviations from standard operating procedures. The Division of Forestry 

accepts public comment on proposed projects at an annual open house, however, the Division is not 

required to take public comment into consideration when making its final decision.  In theoretical terms, 

public officials and stakeholders most involved in the day-to-day operations of the forest are rarely able to 

make their own collective choice and constitutional rules, and stakeholders have limited influence over 

operational rules. 

That said, local public officials have considerable discretion in implementing the mandates of the 

legislature and their immediate supervisors.  While legislation may spell out a process for running timber 

sales, and while the governor or DNR director may require a certain level of logging, the employees on 

the ground determine where logging will take place, when, and (within limits) under what conditions. 

Within broad bounds, these employees make nearly all of the operational decisions.  Furthermore, the 

rules within which they operate are fairly stable and predictable.  Statewide legislation on the operation of 

state forests moves slowly and is made infrequently. This pace may have changed under the current state 

administration which has placed an increased emphasis on logging (Indiana Division of Forestry, 2005). 
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The land-use decisions of the Division of Forestry are constrained by mandates of other governmental 

agencies.  The Division of Forestry is required to consult with the Division of Nature Preserves on 

projects that may influence rare or endangered plants and animals, with the Division of Fish and Wildlife 

on projects likely to impact flora and fauna, with its own archaeologist and the Division of Historic 

Preservation and Archaeology on projects that could impact cultural heritage, and with the Department of 

Environmental Management and the U.S. Army Corps of Engineers on projects that could impact water 

quality.  The road through the watershed is owned by Brown County, but any modifications to the road, 

because it runs through the state forest, would likely be funded by the Department of Natural Resources 

and implemented by the Indiana Department of Transportation.   

 

As a coalition of stakeholders, the Yellowwood Lake Watershed Planning Group provides a platform for 

communication and collaboration among different types of watershed users.  At the same time, not all 

interests are represented in the Planning Group.  Some user groups are either inactive members of the 

Planning Group or have not chosen to participate in the group at all. The bulk of the Yellowwood Lake 

Watershed users, including both local landowners and visitors, do not belong to any forest-related 

organizations, and are therefore not represented. Some of these have chosen consciously not to 

participate.   

Decisions taken within the Planning Group about management of state forest lands are non-binding. 

Although the Division of Forestry takes into account the claims and proposals emanated from the 

Planning Group, the former is the ultimate authority in the issues related to the forest.  In this regard, a 

primary goal of the stakeholders in the Planning Group is to influence the Division of Forestry‟s 

decisions.   For instance, agreement among members of the Planning Group on land management 

approaches may be more persuasive to the Division of Forestry.  Nonetheless, if they fail to achieve 

consensus on an issue, members of the Planning Group still have the opportunity to voice their opinions 

to the property manager through both informal discussion and formal comments.  Although the right to 

make formal comments on proposed projects is shared with all members of the public, members of the 

Planning Group have access to a different level of influence. Members are frequently made aware of 

projects while the projects are still in planning phases; the general public generally lacks such 

information. Planning Group members also have particular influence because they have an established 

relationship with the property manager.  Although the impact of this differential influence cannot be 

measured empirically, individuals involved in the Planning Group clearly indicate that they believe these 

informal relationships are an important reason for participating in the Planning Group. 

These decision-making processes can be most clearly viewed by examining two management challenges 

in the watershed: Yellowwood Road paving and timber management.   

As discussed above, the Friends of Yellowwood were successful at halting the Yellowwood Road paving 

project by shifting the debate from the state level, where they had little influence, to the county level, 

where elected officials were responsive to their lobbying.  This example demonstrates the ability of user 

groups to organize rapidly and successfully fight perceived threats. It also demonstrates how management 

discretion by the Division of Forestry is limited by relationships with other governmental organizations.  

Finally, it illustrates that citizen groups, although not formally entrenched in the power structure of 

bureaucratic decision-making agencies, have the power to impact land-use planning.   

Timber management is probably the most controversial issue in the watershed, and as discussed above, it 

is an issue on which user groups disagree.  The state forest system of Indiana is legally mandated to serve 

multiple uses; from timber sales to recreation. The governor of Indiana may increase or decrease the 

quantity of timber harvested on state forests at his discretion, and local property managers and foresters 

have significant leeway in choosing when and where to harvest timber as long as the total quantity 

reaches standards set by their superiors. At the time of the formation of the Yellowwood Lake Watershed 
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Planning Group, timber harvests in the watershed were the subject of intense controversy.  Although this 

controversy is no longer in the public eye, disagreements persist regarding forest management.  Those in 

favor of timber sales and more active timber management argue that without appropriate harvesting, the 

forest would transition from an oak-hickory dominated forest to a beech-maple forest, which this group of 

people view to be less productive from both economic and ecological standpoints.  Alternative 

perspectives exist on the criteria used to assess economic and ecological aspects of various forest types. 

Those opposed to active timber management argue that the forest should be allowed to succeed without 

human interference, and develop more old forest characteristics.  There is also a middle group that seeks 

to have a heterogeneous forest that contains oak-hickory, beech-maple, and mixed forests of many sizes 

as well.   

The Yellowwood Lake Watershed Planning Group has invested a significant amount of time in 

developing a review process for timber sales.  The hope was that by reviewing proposed timber sales 

while the sales were still in the planning stages, the group could agree on and submit recommendations to 

the property manager concerning timber harvest processes.  The Planning Group‟s charter states that “The 

Group is intended to be representative of the public through the members‟ own organizations or 

affiliations …” (Yellowwood Lake Watershed Planning Group, 2006).  If a representative body of the 

relevant public approved a timber sale, then presumably the sale would be able to proceed without the 

intense controversy that has plagued timber sales in the area.   

In practice, this review process has not worked quite as intended.  First, Planning Group members are 

volunteers with other jobs and responsibilities. Therefore it has proven difficult to make visits to proposed 

harvest sites. Discussions about timber sales occur at regular group meetings, but these are scheduled only 

at monthly intervals.  As a result, reviews by the Planning Group add several months to the already 

lengthy timber harvest planning process.  Second, consensus on timber harvests has proven elusive.  The 

Planning Group has included representatives of groups that are opposed to all logging on public lands and 

representatives of groups who favor increased logging for both economic and ecological reasons.  Thus 

far, the Planning Group has reviewed two timber sales.  In each case the group was unable to come to a 

complete consensus. In the first case, one member who opposed the project decided to abstain from 

voting, allowing the sale to go forward with an appearance of consensus.  The fact that unanimity  could 

not be achieved after great effort was a source of frustration to some members of the Planning Group, 

while others saw it as part of a democratic process.  Nevertheless, the Planning Group‟s participation did 

make a difference in the decision-making process.  

The property manager and his lead forester acknowledge that changes were made to proposed timber 

sales as a result of input from the Planning Group. These officials also mentioned that the slowness of the 

timber review process decreased the overall quantity of harvest in the watershed, which was one of the 

goals of at least some member groups. It is important to note here that the Planning Group‟s timber 

harvest review process has no formal authority under state law.  The Division of Forestry is free to accept 

or reject the input of the group regardless of what consensus group members do or do not reach.  

However, the Division of Forestry has remained deeply engaged in the collaborative review process, 

perhaps because they see it as a way of avoiding more costly conflicts. 

Overall, it is clear that while the state has ultimate authority over management decisions, it benefits the 

state to proactively engage in discussions with stakeholders because stakeholders can effectively oppose 

management practices if the state does not consult with them.  Stakeholders benefit by having closer 

interactions with the property manager, limiting the time it takes to participate in or oppose management 

decisions.  The collaborative nature of the Planning Group appears to have benefited both parties in other 

ways as well. First, as mentioned above, the Planning Group successfully completed The Yellowwood 

Lake Watershed Management Plan, a strategic plan that helps direct management of the watershed. 

Second, the group has allowed members to recognize their commonalities and work for positive change in 
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areas where they share interests, such as the problems of invasive species and lake management.  Finally, 

collaboration within the group has increased outreach to forest stakeholders; the group has organized 

watershed awareness days for landowners and the general public, and has put together extensive 

information packets for the watershed‟s 55 private landowners.  

 

 

VI. Challenges and Assets 

 

In the 70 years since the land for the Yellowwood State Forest was purchased by the national 

government, the area has gone from being largely deforested to having close to 100% stocking.  The 

current, largely positive state of affairs in the Yellowwood Lake Watershed seems to hinge on the relative 

absence of pressure on resource use. Interviews and anecdotal evidence suggests that recreational usage 

rates of Yellowwood State Forest are far below the rates in Brown County State Park and other nearby 

recreational areas, and that there have been fewer timber harvests on state lands in the Yellowwood 

Watershed than in nearby forests. Thus, the watershed does not suffer from overuse that may be occurring 

on neighboring properties, nor does it seem likely that usage will shift significantly in the future. Whether 

the watershed would prove resilient to significant increases in use is not clear.  In this section we first lay 

out six challenges that the watershed and the planning group face in coming years.  For purposes of 

clarity, we have divided these challenges into those that impact the robustness of the collaborative 

management system, and those that directly impact the sustainability of the biophysical environment.  We 

then proceed to discuss five assets that the watershed and the planning group have that may help users 

overcome these challenges.  In this section, we draw heavily on the theories introduced in section two of 

this paper, and in particular, the design principles for successful management of common-pool resources 

outlined in Table 1.  At the same time, we recognize that the Yellowwood Lake Watershed differs in 

several important ways from forests previously studied by the IFRI program.  Lessons learned in these 

environments are not necessarily relevant to the situation in the Yellowwood Lake Watershed, and we 

attempt to show where past studies may not provide adequate predictions for this system. 

6.1  Yellowwood Forest Challenges 

6.1.a. Challenges to the Robustness of the Collaborative Management System 

 
Challenge 1: Authority to make constitutional, collective-choice, and operational-level rules remains 

outside the community and beyond the easy access of most people affected by these rules. 

While the fact that Yellowwood State Forest is nested in the larger hierarchy of state-managed lands 

provides legitimacy and structure to the management system that currently exists to protect the forest, the 

position of the forest in that hierarchy means that much decision-making power lies beyond the 

immediate reach of local users and officials.  Design principle 3, for long-enduring collective 

management institutions (see Table 1), states the finding that resources are managed with greater 

sustainability when “Most individuals affected by the operational rules can participate in modifying the 

operational rules.”  While the property manager has latitude to make day-to-day management decisions 

and works hard to accommodate stakeholder interests and maintain the health of the forest, most funding 

for forest management and protection comes from higher-level sources in the state hierarchy. Thus, the 

forest‟s future management options are vulnerable to changes in that external level of support, and it 

appears that the ability of local users to influence rules is limited. Nonetheless, stakeholders in the 

watershed have evidenced the ability to advocate their priorities and change policies, and have, through 

the planning group, created a local institution that provides some opportunity for influence.  Moreover, 

the impact of these higher-level decisions can sometimes (but not always) be mitigated by local public 

officials.  
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The fact that the current state management system has been in place without major changes since 1971 

(and in many ways since the 1930s), and that forest condition has continued to improve over that time 

indicates that the management has been conducive to conservation and maintenance.  This outcome 

suggests that effective higher level institutions for managing Yellowwood Lake Watershed were 

established prior to the mid 1980s, when local users (Friends of Yellowwood) became actively interested 

in influencing management decisions.  In the context of a historically effective state management system, 

it is difficult to assess local users‟ influence on forest management and overall sustainability in the short 

term.  Theory indicates, however, that active participation of local users may lead to more effective 

management in the long term, particularly in a context such as Yellowwood where recreational use is 

growing, new stakeholder groups may be emerging and private property owners have interests in 

protecting the lake and forest for their personal as well as public benefit. The ability to have influence on 

decision-making may be especially important to the sustainability of the Planning Group – as most 

members of the group are involved because they believe that the group increases their ability to influence 

operational decisions.  The recent decision to increase timber harvest levels, which was made at the state 

level (Indiana Department of Forestry, 2005), serves as a reminder that when it comes to funding and 

decisions about Yellowwood‟s future management, officials in Indianapolis represent a dominant power, 

and institutions for local users to influence management, along with the direction of that management, 

remain at the will of these higher officials.  

Challenge 2: Much of the responsibility for collaborative management at Yellowwood rests on individual 

effort and informal relationships rather than the firmer foundation of established institutions. 

The Planning Group has been quite successful in advocacy and organizing efforts because of the 

motivation of concerned, driven volunteers who have stuck with the group for many years. Running the 

activities of the Planning Group is time consuming and may not always be very rewarding. In this regard, 

the efforts of these individuals are commendable. Nonetheless, questions exist. What would happen to the 

Planning Group and its efficacy if these individuals were no longer able to participate? Would it be nearly 

as successful or active? The group‟s current drive to gain formal non-profit status indicates that members 

have seriously considered just this question and want to organize themselves into a more formal group 

that will persist beyond the present members. However, non-profit legal status is no guarantee that, in 

practice, the group will persist if highly influential members leave.  Along similar lines, if the members of 

the planning group ceased to effectively incorporate the interests of potential stakeholders, there is a risk 

that members of one of the many nascent user groups might organize in opposition to plans already 

approved by the Planning Group.  This could threaten the ability of the Planning Group to serve as an 

effective forum for voicing user concerns to the state.  

The strong relationship between the Planning Group and the property manager is an asset for the Planning 

Group and arguably for the forest.  The property manager is receptive and responsive to stakeholder input 

as provided by the group.  However, the current property manager is an at will employee who could be 

assigned to a different forest at any time.  Since his relationship with the Planning Group is largely 

informal, if the state chooses to place management officials in Yellowwood who are less concerned with 

stakeholder or user priorities, positive synergies between the state and stakeholders might be imperiled. 

Challenge 3: The Yellowwood Lake Watershed Planning Group seeks to represent the interests of forest 

users, but it faces challenges in representing the very diverse groups who affect and are affected by use 

patterns in Yellowwood. 

The efforts of the Planning Group to represent interests of all users are hampered by a series of factors. 

First, the diffuse nature and lack of organization of the forest‟s users is a significant obstacle to 

representation. As noted, the vast majority of users come to the forest for a day or two and engage in 

various activities such as hiking, camping, and fishing. Successful management and group organization 

requires the understanding of user preferences. If managers try to implement rules that do not match the 
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expectations or desires of most users, they will find it difficult to enforce the rules and may encounter 

user subversion. Members of the Planning Group affirm that one of the primary challenges for successful 

management in the forest is educating and communicating with unorganized user groups. This challenge 

is likely to grow given that certain groups are engaging in activities such as driving off-road vehicles and 

mountain bikes, which appears to exacerbate erosion and degradation in the watershed.  

Second, effective representation by the Planning Group appears to be hampered by differences of opinion 

within the group.  As described, the group has not been able to come to an agreement over timber 

harvesting, and some members suggested that the group has skirted the problem raised by disagreement 

by avoiding the discussion of controversial issues.  In addition, several members have stopped attending 

regular meetings, apparently due to differences about the role the group should play in the policy-making 

process and specific issues related to forest management.  This suggests either that in-form conflict-

resolution mechanisms are not as effective as they could be, or that differences between group members 

are too fundamental to be resolved through consensual processes.  In challenge 2, we mention the risk 

posed by nascent user groups who could organize in opposition to the planning group.  A similar problem 

would arise if members of the Planning Group who are no longer active decided to oppose programs 

proposed by the Planning Group.  Alternatively, if the group is unable to address controversial issues, 

these are likely to be addressed in other fora, and the group‟s relevance may decline. 

Third, members of the Planning Group express concern that their membership is mainly composed of 

people who are retired or approaching retirement.  They recognize that attracting the participation of a 

broader range of ages is important to assure the group‟s long term viability. Therefore they are beginning 

to pursue opportunities to draw in new members, and to spread information about the group‟s activities to 

young families, property owners and recreational users.  

6.1.b Challenges to the Sustainability of the Forest 

Challenge 4: Discontinuity of management may hinder effective watershed scale management. 

The Yellowwood Lake Watershed is an ecological unit; however, the management of this ecological 

whole is divided between two property rights regimes. Eighty percent of the watershed land is owned by 

the state and the 20 percent is held by private landowners. This division implies a management challenge 

because, although the private lands that abut the public forest are not subject to the state‟s management 

practices, conditions and practices on those private lands significantly affect the health of the rest of the 

watershed, and vice-versa. It is undoubtedly true that some landowners implement practices on their lands 

(e.g., poor timber harvesting practices or introduction of exotic ornamentals) that are different than the 

management steps the state or other landowners might prefer. Moreover, even when land owners‟ 

adherence to environmentally judicious practice falls short (e.g., leaky septic systems, poorly maintained 

private roads), it is difficult, both practically and politically, to encourage appropriate behavior.  The costs 

of replacing septic systems and upgrading private roads is prohibitive for many property owners; either 

activity generally requires more than $10,000.  The nature of septic systems complicates the decision to 

repair or upgrade because most systems work well except during periods when soils are saturated. 

Moreover, septic system technology and road improvements face severe challenges to mitigate 

environmental risks on the type of rough terrain that characterizes the watershed.  At least one member of 

the Planning Group has sought external funding to defray the costs of improving septic systems in the 

watershed. Thus far no support for this type of  investment appears to be available.  

Challenge 5: The desired future condition of the forest has not been identified 

In order to successfully implement an approach for the sustainable management of a forest, stakeholders 

and policy makers must have a clear conception of desired future conditions for the forest and the gaps 

that separate the desired forest from its current prevailing conditions (Druckenbrod and Dale, 2004).  
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Historically, the Yellowwood area of forest was probably dominated by oaks and hickories (Homoya et 

al., 1985). Because forest cover in Indiana decreased 95% between 1800 and 1900, there are few intact 

historical stands to base forest attributes on. However, desired future conditions may differ from the 

historical range of variation on a landscape because they reflect both cultural values and realities of 

integrated landscapes.   While successional processes would have led to forests dominated by maple and 

beech, natural disturbance and Native American use of fire maintained a mosaic of successional stages.   

However, with the elimination of fire in the early twentieth century coupled with a recent decrease in 

logging in the area, shade-intolerant species have low recruitment in the watershed; the forest is 

increasingly composed of the more shade-tolerant maple and beech species.  The forest will be dominated 

in the future by beech-maple communities without natural or anthropogenic disturbance, 

In developing desired future conditions, several factors should be taken into account.  An ecological 

description of the composition of species in the forest, the successional stages and the amount and 

distribution of these successional stages throughout the forest should be created.  Additionally, the 

biophysical and social functions stakeholders want the forest to provide should be discussed.  The 

dialogue should also include the management practices needed to maintain the desired landscape and 

functions.  The group must also recognize that there are substantial uncertainties involved in working 

toward desired future conditions, as it is not known how external changes such as climate change and 

invasive species will impact the ecosystem.  While management practices such as invasive species 

management and timber harvesting have been discussed in the Planning Group and addressed in their 

management plan, the question of the intended target ecosystem does not appear to have been addressed.  

The Planning Group is in a unique position to address these issues, and the forest composition and the 

strategy for reaching or maintaining that composition should be explicitly discussed and evaluated to 

increase the sustainability of the forest.  

Challenge 6: The impacts of Yellowwood Lake Watershed‟s Forest Management on a larger scale 

The land within the Yellowwood Lake Watershed has seen few timber harvests within the last decade, 

which has allowed the trees to mature and shade tolerant species to increase.   As mentioned above, the 

state administration decided to increase logging in the forest.  It appears that, in part as a result of the 

Planning Group‟s review processes, logging has increased more on areas of the Yellowwood State Forest 

outside of the Yellowwood Lake Watershed than within the watershed.  If this is the case, there is a risk 

of unsustainable levels of logging in a concentrated area outside of the watershed area leading to habitat 

degradation elsewhere.  In a healthy forest ecosystem, there would be a heterogeneous, patchy 

environment that would include various successional stages of the forest as well as different footprints of 

disturbance.  If there are already many areas (Brown County State Park, Hoosier National Forest, DNR 

Nature Preserves, private nature preserves, etc) in Brown County that are maturing into old growth 

forests, forests within the watershed may be able to contribute to a more biologically rich forest landscape 

if some disturbance, such as responsible timber harvest, were conducted.  Since timber harvesting levels 

were only recently raised, it is not yet clear how this will impact the broader ecosystem – it is possible, 

for example, that increased logging on state forest land outside of the watershed will create exactly the 

kind of patchiness that contributes to landscape scale forest diversity without a need for increased 

harvests within the watershed.  Also, future changes in the administration could change state forest 

harvesting levels every four to eight years. 

6.2 Yellowwood Forest Assets 

Asset 1: Absence of pressure on the resource gives stakeholders time and space to plan for future 

sustainability. 

The low usage of Yellowwood relative to nearby state and private lands is an asset for the forest and its 

community of users. This absence creates an environment in which community members can identify and 



 23 

learn about their own institutional weaknesses and develop plans for coping with and protecting their 

resource should usage increase or significant changes in state budgeting or management occur. That the 

Planning Group developed a watershed management plan is evidence that some stakeholders understand 

and are taking advantage of the unique opportunity offered by these relatively low-pressure conditions.  

As discussed above, management over the last 70 years has resulted in significant reforestation, and 

current conditions give no obvious sign that this management will change in the future. 

Asset 2: Positive externalities can generate productive spill-over. 

The dedication of the Planning Group and individual landowners to Yellowwood can have positive spill-

over effects. IFRI researchers have witnessed just this situation in the workings of the Planning Group. 

Many members are landowners who care about the entire forest; they want to conserve and protect all of 

it, not just their own parcels of land.  Other members live outside of the area, and volunteer substantial 

time to come to the watershed and work to improve both the collaborative governance arrangement and 

the watershed itself. While this report noted above that informal relationships are a shaky foundation for 

future sustainable management, the Planning Group believes that motivated landowners clearly can 

do a great deal of good.  

Obviously, Yellowwood is much better off having stakeholders who care about the fate of the forest than 

a forest without such a constituency. It is quite clear, given the uproar in the 1990s over plans to enhance 

the road through the forest, use herbicides in the lake and to maintain powerline right-of-ways (utility 

company issue), or the state‟s acquisition of a proposed radio tower site on a private inholding, that 

people in the area are motivated to protect the forest and have the ability and capacity to organize 

collectively for its protection conservation. 

Asset 3: Local-level public officials facilitate sustainable management. 

Many stakeholders whom our researchers interviewed spoke highly of the forest‟s property manager and 

the lengths he goes to respond to the priorities of the community interested in forest management while 

also meeting the demands of the state. This official undoubtedly holds a difficult position, and the state‟s 

recent mandate to increase timber harvesting by 400 percent will probably make his job more difficult. 

Nonetheless, the Planning Group believes that the property manager’s commitment to community-

inclusive management is a significant asset for Yellowwood. 

Asset 4: Many users have congruent interests and values that support sustainable managements. 

Forest users primarily use Yellowwood for recreation. These recreational users, such as hikers, bird-

watchers, horse riders, hunters, fishermen, and campers, may be especially sensitive to the natural 

conditions of the forest. Interviews with forest users confirmed that most recreational users value the 

Yellowwood Lake Watershed for the quality of its natural conditions. For example, regular users know 

that the lake has high water quality, and is among the cleanest lakes in the state. Recreational users in 

general and members of the Yellowwood Lake Watershed Planning Group in particular appear to 

prioritize non-consumptive nature appreciation. Even though many recreational users are not formally 

organized, they share a common understanding with more formally organized stakeholders the need to 

manage the forest for reasons other than production. Dorm-Adzobu and Veit (1991), Gibson and Koontz 

(1998) and Agrawal and Gibson (1999) indicate that common values concerning forest use among forest 

users may facilitate collective management in certain circumstances.  These common values suggest that 

even though users are hard to “capture” and represent in a particular group, users likely would support 

efforts by the Planning Group or other stakeholder groups to improve the watershed and advance future 

sustainability. 
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Asset 5: Public outreach and education facilitated by the Planning Group 

The Planning Group has encouraged public education and outreach as a tool for protecting the 

Yellowwood Watershed. Recent examples of this outreach include “Watershed Day,” a day-long event at 

Yellowwood Lake with educational and recreational programs advertised and open to the public. Another 

educational tool of the Planning Group involves reaching out to the private land owners in the watershed. 

The Group completes a mailing to all 55 property owners four times a year to update them on various 

issues regarding the management of the watershed. Moreover, the Group has recently been working on 

educational binders to be given to property owners that provide information about what constitutes good 

management of private property for the health of the watershed, including information on utilization of 

Best Management Practices and recognition and management of invasive plant species. Exactly how 

much education or outreach would be occurring without the Planning Group is unclear, but given that 

these tasks would likely fall singularly on the shoulders of the property manager without the work of the 

Group suggests the contributions of the Planning Group are substantial.    

VII. Conclusion and Questions for Future Research 

 

In the introduction to this paper, we posed the following questions about the Yellowwood Lake 

Watershed: 

 

 What are the current social and biophysical conditions in the forest?  

 How have conditions been influenced by the policies and activities of users?  

 How can multiple stakeholders and interest groups collaborate in the governance of forests under 

state ownership?   

 Has the impact of the Planning Group supported/improved conservation? 

 What challenges and opportunities exist for the long-term sustainability of both the Yellowwood 

Lake Watershed Planning Group and the forest itself? 

Our study has provided answers to some of these questions.  We found that the biophysical conditions of 

the publicly owned portions of the forest have substantially improved over 70 years of government 

ownership.  The forest is now in a state of transition from early successional oak-hickory domination to a 

maple-beech dominated forest.  The forest is used primarily for recreation and timber harvest.  Recreation 

use is light relative to use on nearby public lands and is concentrated near the lake.  Timber harvest has 

historically been quite light, although recent policy shifts have the potential to change that usage level.  

Neither use appears to pose significant threats to system stability.  We found that stakeholders were able 

to overcome an initial lack of local decision-making authority and processes and formed their own 

collaborative local institutions and an active organization (the Planning Group) that influences policy-

making.  On the other hand, these local institutions may be threatened in the future by a lack of formal 

power and by the very large policy-making power vested in higher-level public officials.  The existence 

of the Planning Group appears to have decreased the level of public controversy over land management in 

the watershed, possibly lowering the cost of conflict resolution.  Also, we found that the Planning Group 

has had some impact on land management through modifications of proposed timber sales, changes in 

lake management, and possibly through decreasing overall levels of timber harvest.  Another finding was 

that the Planning Group has made substantial progress in identifying areas of concern and potential 

improvements in management; however, it has had difficulty coming to a consensus on how to address 
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the important issue of timber management.  Finally, we have identified a list of six challenges that face 

the forest in coming years, and five assets that we believe can help stakeholders address those challenges. 

We were not able to answer all our questions during this initial visit to the Yellowwood Lake Watershed 

forest.  Furthermore, like any good study, our inquiry has raised new questions that we hope we will be 

able to address in subsequent site visits.  Because of the large number of uses of and user groups in the 

forest, we have not been able to fully characterize many of the less organized users and their activities.  

We also were not able to survey the conditions of private forest lands in the watershed.  We believe that it 

is too soon to measure the full impact of the Planning Group on resource management, as many of the 

Planning Group‟s efforts are ongoing.  We look forward to future site visits, and we suggest the following 

questions as guides for future research: 

 What steps have been taken to implement the Yellowwood Lake Watershed Management Plan, 

and what impacts have these steps had on both the forest and lake? 

 How has the plan affected relationships between stakeholder groups, if at all? 

 How has (anticipated) incorporation of the Yellowwood Lake Watershed Planning Group 

affected operations and efficacy? 

 How has the Planning Group changed its structure over time? 

 How have changes in state-level timber harvesting policies affected the forest and watershed? 

Continuing research on the Planning Group and the Yellowwood Lake Watershed has great promise to 

increase our theoretical insights and practical knowledge of the challenges involved in joint approaches to 

watershed and forest management in Indiana.  
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Appendix A: Master Species List 

A master species list was compiled from 33 IFRI plots and 13 State Forest plots from 

Yellowwood Lake Watershed forest mensuration during the Fall 2007 IFRI case study of Yellowwood 

Lake Watershed Planning Group. 

Scientific Name Common Name  Notes 

Acer negundo Box Elder Located in IFRI Plots 

Acer rubrum  Red Maple Located in IFRI Plots 

Acer sacchararum Sugar Maple Located in IFRI Plots 

Adiantum pedatum Maidenhair Fern Located in IFRI Plots 

Amelanchier sp. Serviceberry Located in IFRI Plots 

Amphicarpaea bracteata Hog Peanut Located in IFRI Plots 

Asimina triloba Paw-paw Located in IFRI Plots 

Carex picta Painted sedge Located in IFRI Plots 

Carex sp. Unknown grass/sedge Located in IFRI Plots 

Carpinus caroliniana Blue Beech/Ironwood Located in IFRI Plots 

Carya cordiformis Bitternut Hickory Located in IFRI Plots 

Carya glabra Pignut hickory Located in IFRI Plots 

Carya ovate Shagbark Hickory Located in IFRI Plots 

Carya sp. Hickory Located in IFRI Plots 

Carya tomentosa Mockernut Hickory Located in IFRI Plots 

Cercis canadensis Redbud Located in IFRI Plots 

Cornus florida Flowering Dogwood Located in IFRI Plots 

Cornus sp. Dogwood Located in IFRI Plots 

Cyanochoccus sp. Blueberry Located in IFRI Plots 

Eupatorium rugosum White Snake Root Located in IFRI Plots 

Fagus grandifolia American Beech Located in IFRI Plots 

Fragaria vesca Wild Strawberry Located in IFRI Plots 

Fraxinus americana White Ash Located in IFRI Plots 

Galium sp. Bedstraw Located in IFRI Plots 
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Geum sp.  Avens Located in IFRI Plots 

Impatiens sp. Jewelweed Located in IFRI Plots 

Juglans nigra Black Walnut Located in IFRI Plots 

Juglans sp.  Walnut Located in IFRI Plots 

Lendera benzoin Spicebush Located in IFRI Plots 

Lirodendron tulipifera Tulip Poplar Located in IFRI Plots 

Lonicera japonica Honeysuckle Located in IFRI Plots 

Nyssa sylvatica Black Gum, Tupelo Located in IFRI Plots 

Ostrya virginiana Hop Hornbeam Located in IFRI Plots 

Parthenocyssus quinquefolia Virginia Creeper Located in IFRI Plots 

Pilea pumila Clearweed Located in IFRI Plots 

Pinus echineta Short-leaf Pine Located in IFRI Plots 

Pinus resinosa Red Pine Located in IFRI Plots 

Pinus strobes White Pine Located in IFRI Plots 

Polygonatum biflorum Solomon‟s Seal Located in IFRI Plots 

Polygonum sp. Angel Thumb Located in IFRI Plots 

Polygonum sp. Unknown Located in IFRI Plots 

Polystichum acrostichoides Christmas Fern Located in IFRI Plots 

Populus grandidentata Big Toothed Aspen Located in IFRI Plots 

Potentilla sp. Cinquefoil Located in IFRI Plots 

Prunis serotina Black Cherry Located in IFRI Plots 

Prunis sp.  Unknown Cherry Located in IFRI Plots 

Quercus alba White Oak Located in IFRI Plots 

Quercus muehlenbergii Chinkapin Oak Located in IFRI Plots 

Quercus prinus Chestnut Oak Located in IFRI Plots 

Quercus rubra Red Oak Located in IFRI Plots 

Quercus velutina Black Oak Located in IFRI Plots 
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Salix sp. Willow Located in IFRI Plots 

Sassafras albidum Sassafras Located in IFRI Plots 

Smilax rotundifolia Greenbrier Located in IFRI Plots 

Stellaria media* Chickweed* Located in IFRI Plots 

Taxodium distichum Bald Cypress Located in IFRI Plots 

Toxicodendron radicans Poison Ivy Located in IFRI Plots 

Almus Americana American Elm Located in IFRI Plots 

Almus rubra Slippery Elm Located in IFRI Plots 

Urtica sp. Nettle Located in IFRI Plots 

Vaccinium pallidum Low-bush blueberry Located in IFRI Plots 

Verbesina alternifolia Wing-stemmed sunflower Located in IFRI Plots 

Viburnum acerifolium Maple-leaf viburnum Located in IFRI Plots 

Vinca sp. * Periwinkle* Located in IFRI Plots 

Viola sp. Violet Located in IFRI Plots 

Vitis sp. Wild Grape Vine Located in IFRI Plots 

Unknown Shrubs (4) Located in IFRI Plots 

Unknown Vines (3) Located in IFRI Plots 

Unknown Pennywort Located in IFRI Plots 

Unknown Moss Located in IFRI Plots 

Unknown Herb Located in IFRI Plots 

Unknown Pennywort? Located in IFRI Plots 

Unknown Violet? Located in IFRI Plots 

Acer pseudoplatanus Sycamore In State Forest Plots Only 

Pinus virginiana Virginia Pine In State Forest Plots Only 

Quercus coccinea Scarlet Oak In State Forest Plots Only 

Quercus palustris Pin Oak In State Forest Plots Only 

*Invasive species 
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Appendix B: Equations Used in the Biophysical Analysis 

Basal area (BA):
           

 
1) Stem area in cm

2
 was found for each individual; Stem area = 3.1416 x (dbh/2)

2  

 
2) To calculate plot-level BA, all the stem areas in the plot were summed and then divided by the  

  area of the plot.  The tree plots were 314 m
2
, while the sapling plots were 9 m

2
.  The  

  result is the BA of a plot in m
2
/ha. These were then averaged to find the average BA for  

  the forest.          

 3) To calculate species-level BA, the stem areas of all the individuals of a species were summed.   

  This was then divided by the product of the area of the plot and the number of plots (314  

  m
2
 x 33 for trees, 9 m

2
 x 33 for saplings).  In this case, there were 33 plots.   

Tree Density:             
 1) Stem density was found for each individual; Stem density = 1/(area of the plot)  

 2) To calculate plot-level density, first the stem densities were summed in each plot to calculate  

  the total number of stems in each plot, all stems/(area of the plot).   The result is the  

  number of stems per meter.  This figure was then multiplied by 10,000 to convert to  

  hectares (ha).  The densities for each plot were averages to find the average density in  

  stems/ha.            

 3) To calculate species-level density, the stem densities for each species were first summed.  This 

  figure wan then divided by the 33 plots and multiplied by 10,000 to obtain the number of  

  stems per hectare for each species.   

Frequency:             
 Frequencies were calculated by dividing the number of plots in which a species occurred by the  

 number of plots sampled, occurrence/(total number of plots).   

Importance Values:            

 1) Relative values for basal area, density, and frequency were first found for each species.  The  

  relative value for a species was found by dividing the species-level BA, as described  

  above, by the sum of all the species-level BAs.   In this way, the units were removed.   

  The relative density and frequency were found similarly.  Because each value was unit- 

  less, they could be added together.        

 2) To calculate importance, the relative BA, relative density, and relative frequency were summed 

  for a species and then divided by 3 to give each value equal weight.   
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Appendix C: List of Stakeholder Groups 

The Yellowwood Lake Watershed Management Plan (Yellowwood Lake Watershed Planning Group, 

2006) lists the following organizations as stakeholders in the Yellowwood Lake Watershed: 

 

IDNR Division of Forestry 

IDNR Division of Soil and Water Conservation 

IDNR Division of Fish and Wildlife 

IDEM Watershed Division 

SCI-REMC 

Watershed residents (over 55 families) 

The Nature Conservancy 

Friends of Yellowwood 

Heartwood 

Indiana Forest Alliance 

Indiana Forest Industry Council 

Brown County Commissioners 

Indiana Trail Riders, Assn 

Hoosier Flyfishers 

Hoosier Hikers Council 

Indiana University  

Purdue University 

 


