
ABSTRACT 

WALDEN-SCHREINER, CHELSEY ALYSSA. Developing a Method to Characterize 

Visitor Use and its Spatial Association with Informal Trails in Yosemite Valley Meadows. 

(Under the direction of Dr. Yu-Fai Leung). 

 

Open landscapes are valued and essential park and protected area resources 

supporting biodiversity conservation efforts while also providing nature-based recreation and 

tourism opportunities. Despite active management, ecological and anthropogenic pressures 

can still threaten protected area objectives. As visitation to protected areas remains high 

worldwide, intense visitor use is increasingly significant issue faced by managers. Visitor-

created informal trails are one example of ecologically and socially significant impact 

associated with visitor use. Past research suggests informal trails can cause landscape 

fragmentation, increase the presence of non-native species, and compromise visitor 

experience. Informal trails are often created by goal-driven behavior like access or avoidance 

and can proliferate quickly without management intervention. Although studies have 

documented the managerial relevance of informal trails, few have examined the actual spatial 

distribution of visitor use. The objective of this study was to spatially characterize visitor use 

in open landscapes and examine the relationship with informal trails.  

Informal trails and visitor use data were collected in three, high-use meadows of 

Yosemite National Park, California, during July and August of 2011. A total 10.15 km of 

informal trails were recorded and classified by condition using protocols developed by park 

staff and researchers. Over 1,500 visitors were also observed and mapped using a modified 

behavior mapping method. Visitor use was highly concentrated and statistically significant, 



indicating areas of intense visitor use, for all meadows included in the study. Clustering in 

two of the study meadows can be attributed to formal trails in the meadow, with a majority of 

use confined to the formal trail corridor. Areas of intense visitor use can illuminate areas for 

potential resource degradation as well as provide empirical data to support site design, 

restoration or other management efforts. 

Spatial data integration from the study meadow without formal trails found no 

statistically significant differences between use patterns and trail condition, but did find 

statistically significant differences between visitor activity type and the distance visitors were 

observed from informal trails. Stationary visitors were further away from informal trails than 

active visitors, which could help inform management efforts to deter continued informal trail 

usage or mitigate resource impact. Additionally, patches created in the meadow by informal 

trail proliferation were negatively correlated with visitor use when margin of error buffers 

were excluded, suggesting possible increased visitor pressure on smaller meadow patches.  

Results highlight the utility of leveraging spatial visitor use data with other ecological 

data, specifically in supporting indicator-based management frameworks. The modified 

behavior mapping method represents an affordable, reasonably accurate and reliable method 

for spatially documenting visitor use in open landscapes that can also be implemented by 

volunteers. Volunteer involvement offers an opportunity to engage community partners in 

monitoring programs and reduce pressures on staff resources and budgets. Additional 

ecological and social variables for future integrated analysis and comparable open landscapes 

suitable for method application are discussed.  
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CHAPTER 1 

Introduction  

 

Parks and protected areas underpin biological conservation efforts, provide ecosystem 

services, and offer areas for outdoor recreation and nature-based tourism. As of 2011, the 

International Union for the Conservation of Nature (IUCN) and the United Nations 

Environment Programme (UNEP) estimated there were over 130,000 protected areas 

worldwide accounting for 2.4 million square kilometers of terrestrial and marine areas 

(IUCN & UNEP-WCMC, 2012). Managers of protected areas, especially areas with high 

recreational significance or popular tourist attractions, must balance multiple objectives and 

constraints to achieve multiple ecological and social benefits.  

The demand to integrate and maintain numerous objectives arises from legislative 

mandates requiring managing organizations or agencies to not only protect ecological, 

historical and cultural resources within their boundaries, but also provide for multiple types 

of visitor experiences. Lands managed by the National Park Service (NPS) in the United 

States must abide by the 1916 Organic Act, which requires the conservation of resources 

within the park while providing for the enjoyment of visitors “in such a manner and by such 

means as will leave them unimpaired for the enjoyment of future generations” (NPS, 2006).  

Longitudinal trends suggest public interest and appreciation of natural areas is 

growing not only in the United States (Cordell, 2008), but also worldwide (Balmford et al., 

2009). A survey of national policy documents from the United States and Canada also 

highlighted a focus of national land management agencies in both countries on increasing 
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visitation and encouraging political support of protected area objectives (Shultis & More, 

2011). With high levels of visitor presence in natural areas, natural resources are subject to 

anthropogenic pressures in addition to ecological pressures.  

Impacts resulting from visitor use represent only one category of anthropogenic 

pressures land management agencies are tasked to monitor and address. Examples of visitor-

related impacts include soil compaction, vegetation trampling, wildlife disturbances, water 

quality degradation, visitor conflict, and compromised visitor experience (Hammitt & Cole, 

1998; Liddle, 1997; Manning, 2007; Newsome, Moore, & Dowling, 2001). Of particular 

concern is the curvilinear relationship between use and resource impacts. For example, small 

amounts of visitor use can lead to substantial resource degradation with additional use 

resulting in limited additional change (Hammitt & Cole, 1998). While some types of visitor 

impact are unavoidable given the mandate to provide for visitor use (e.g., soil compaction at 

campsites), others may be mitigated through site and visitor management. The dual mandate 

for managing agencies has often served as the catalyst for many studies in recreation ecology 

(Hammitt & Cole, 1998) and recreation social science (Manning, 2011).  

The majority of research in recreation ecology and recreation social science has 

focused on assessing and monitoring formal trails and campsites and documenting the 

environmental and social impacts associated with visitor use. More recently, visitor-created 

informal trails have garnered research attention due to increasing managerial concern 

regarding their ecological and social significance. Informal trails are visually identifiable 

pathways formed and used by visitors that are not included in a park’s formal trail system 

(Leung, Shaw, Johnson & Duhaime, 2002). Informal trails may develop due to a visitor’s 
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attempt to avoid certain terrain conditions (e.g., muddy sections, challenging topography), 

explore areas not accessible by formal trails, or take a shortcut between two destinations.  

Because of their unplanned nature, informal trails often lack sustainable design 

principles (Cole, 2008; Wimpey & Marion, 2011) and are inappropriately located in relation 

to resource protection objectives (Marion, Leung, & Nepal, 2006). Additionally, informal 

trails have been found to cause landscape and habitat fragmentation (Forman, 1995; Leung, 

Newburger, Jones, Kuhn, & Woiderski, 2011; Wimpey & Marion, 2011), and can negatively 

affect visitor experiences by visually scarring the landscape (Manning, 2007). These factors 

lead to many of the same environmental and social impacts more often associated with 

formal trails.  

The dynamic motivations of visitors may also encourage and exacerbate the 

likelihood of unmanaged informal trails to rapidly proliferate (Marion et al., 2006). In areas 

with sensitive ecosystems, open landscapes, long recovery rates or limited funding for 

restoration programs, deterring continued use of informal trails can prove difficult. Due to 

ecological, social, and managerial significance, informal trail attributes are increasingly 

recognized as important indicators of resource degradation in indicator-based management 

frameworks. Indicator variables serve as proxies for management objectives that can be 

measured and monitored to determine whether they meet acceptable condition levels, or 

standards of quality (Manning, 2007). Indicator-based management frameworks like Visitor 

Experience and Resource Protection (VERP) and Limits of Acceptable Change (LAC) focus 

on defining the type of recreation experience to be provided, establishing whether current 

conditions of indicator variables meet standards of quality and implementing management 
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action when indicators or standards illustrate reason for concern  (Manning, 2011; McCool, 

Clark, & Stankey, 2007).   

Little, if any, research has integrated and analyzed actual visitor use patterns with 

informal trail data. Integration would allow managers to identify where human use may 

contribute to resource degradation, bridging the understanding between the spatial extent of 

visitor impacts and the spatial distribution of visitor use. A study integrating the spatial 

distribution of visitor use and resource impacts would also identify how the patterns of 

informal trails are associated with patterns of visitor use and activity.  A sizable body of 

knowledge explores the reverse relationship by identifying how trampling forces, like 

walking, lead to informal trail formation. Management strategies can more readily protect 

both the resource and visitor experience through a better understanding of the influence 

informal trails exert on visitor behavior and how such behavior corresponds to ecological and 

social impacts. This empirical data would build upon and support the human use component 

of the conceptual model proposed by Leung and Marion (1996) examining factors 

influencing trail degradation. As the popularity of using informal trail metrics in indicator-

based management framework grows, a concerted effort should be made to synthesize and 

build the body of knowledge surrounding the issue to develop scientifically grounded and 

empirically tested methods of measurement and management.  

 

Study Objectives 

 

 The objective of this study was to support and enrich existing monitoring programs in 

parks and protected areas by (1) developing an accessible, replicable and reasonably accurate 
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method to spatially document and characterize visitor use in open landscapes and (2) 

integrating visitor use patterns obtained from the developed method with informal trail data 

to examine their spatial association.  

 

 

Thesis Outline 

 

This thesis contains two papers prepared for peer-reviewed publication. The citation 

and style format of each paper varies according to journal guidelines. The remainder of the 

thesis follows the American Psychological Association (APA) style. The first paper describes 

the development and implementation of an accessible, replicable, and reasonably accurate 

method for monitoring visitor use and its spatial distribution in open landscapes. A modified 

behavior mapping method was applied in three high-use meadows of Yosemite Valley during 

the summer and fall of 2011. The paper highlights the utility of the data and potential 

analytic options, discusses the benefits and limitations of a modified behavior mapping 

method, and evaluates the use of volunteers for sustained monitoring efforts. The paper is 

written as a research presentation for park and protected area managers and discusses 

engaging community partners in data collection. 

The second paper focuses on integrating visitor use data with informal trail data to 

explore the spatial association between the two data sets. Visitor use data described in the 

first paper was collected concurrently with informal trail data during the summer of 2011 in 

the three study meadows in Yosemite Valley. Informal trail mapping and condition scoring 

followed protocols established by park staff in collaboration with researchers (Leung et al., 

2011). Data integration explores the association between use and trail patterns and how such 
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data can be leveraged with existing monitoring programs. Additional variables of analysis are 

suggested for future research. The paper is written as a scientific journal article for the 

environmental and nature conservation field.  

Finally, the fourth chapter provides a general conclusion, summarizing the research 

findings and management implications based on method development and data integration.  

 

References 

Balmford, A., Beresford, J., Green, J., Naidoo, R., Walpole, M., & Manica, A. (2009). A 

global perspective on trends in nature-based tourism. PLoS Biology, 7(6), 1-6.  

Cole, D.N. (2008). Ecological impacts of wilderness recreation and their management. In C. 

Dawson & J. Hendee (Eds.), Wilderness management: Stewardship and protection of 

resources and values (4th ed.). (pp. 395-438). Boulder, CO: Fulcrum Publishing.  

Cordell, H.K. (2008). The latest on trends in nature-based outdoor recreation. Forest History 

Today, 10(1), 4-10. 

Forman, R.T. (1995). Land mosaics. New York: Cambridge University Press.  

Hammitt, W.E., & Cole, D.N. (1998). Wildland recreation: Ecology and management (2nd 

ed). New York: John Wiley & Sons.  

Leung, Y-F., & Marion, J.L. (1996). Trail degradation as influenced by environmental 

factors: A state-of-the-knowledge review. Journal of Soil and Water Conservation, 

51(2), 130-136.  

Leung, Y-F., Newburger, T., Jones, M., Kuhn, B., & Woiderski, B. (2011). Developing a 

monitoring protocol for visitor-created informal trails in Yosemite National Park, 



7 

 

 

 

USA. Environmental Management, 47(1), 93-106. 

Leung, Y-F., Shaw, N., Johnson, K., & Duhaime, R. (2002). More than a database: 

integrating GIS data with the Boston Harbor Islands carrying capacity study. George 

Wright Forum, 19(1), 69-78.  

Liddle, M.J. (1997). Recreation ecology: The ecological impact of outdoor recreation and 

ecotourism. London: Chapman & Hall.  

Manning, R.E. (2007). Parks and carrying capacity: Commons without tragedy. Washington, 

D.C.: Island Press.  

Manning, R.E. (2011). Studies in outdoor recreation: Search and research for satisfaction 

(3rd ed). Corvallis, OR: Oregon State University Press.  

Marion, J.L., Leung, Y-F., & Nepal, S.K. (2006). Monitoring trail conditions: New 

methodological considerations. George Wright Forum 23(2): 36-49.  

McCool, S.F., Clark, R. N., & Stankey, G. H. (2007).  An assessment of frameworks useful 

for public land recreation planning (General Technical Report PNW-GTR-705). 

Portland, OR: USDA Forest Service, Pacific Northwest Research Station. 

Moore, R.C., & Cosco, N.G. (2010). Using behaviour mapping to investigate healthy outdoor 

environments for children and families: Conceptual framework, procedures and 

applications. In C. Ward Thompson & S. Bell (Eds.), Innovative approaches to 

research excellence in landscape and health (pp. 33-67). London: Taylor & Francis.  

Newsome, D., Moore, S.A., & Dowling, R.K. (2001). Natural area tourism: Ecology, 

impacts and management. Clevdon, UK: Channel View Books.  

NPS (USDI National Park Service). (2006). Management policies 2006: The guide to 



8 

 

 

 

managing the National Park System. Washington D.C.: NPS. Retrieved January 28, 

2012, from http://www.nps.gov/policy/mp/policies.html.  

Shultis, J., & More, T. (2011). American and Canadian national park agency responses to 

declining visitation. Journal of Leisure Research, 43(1), 110-132.  

IUCN, & UNEP-WCMC. (2012). The world database on protected areas (WDPA). 

Cambridge, UK: UNEP-WCMC. Retrieved February 28, 2012, from 

http://www.wdpa.org/Statistics.aspx.  

Wimpey, J., & Marion, J. L. (2011). A spatial exploration of informal trail networks within 

Great Falls Park, VA. Journal of Environmental Management, 92(3), 1012-1022. 

 

 

  

http://www.nps.gov/policy/mp/policies.html
http://www.wdpa.org/Statistics.aspx


9 

 

 

 

CHAPTER 2 

 

Developing an Accessible Methodology for Monitoring Visitor Use Patterns 

in Open Landscapes in Yosemite National Park
1
 

 

Abstract 

 

Open landscapes are common and valued park resources that serve as vital wildlife 

and plant habitats as well as landscapes for diverse visitor activities. Although the National 

Park Service (NPS) actively manages these resources, open landscapes are still subject to a 

variety of ecological pressures exacerbated by anthropogenic threats, including intense 

visitor use that is often not well documented despite its managerial relevance. Accurate and 

valuable counting methods exist to estimate visitor use at static locations, yet open 

landscapes present unique monitoring challenges due to multiple points of visitor access and 

limited or no containment infrastructure. In this paper we present an accessible, replicable 

and reasonably accurate method developed for monitoring visitor use and its spatial 

distribution in open landscapes. This method was implemented in three high-use meadows of 

Yosemite National Park in the summer and fall of 2011. We highlight the data utility and 

analytical options, evaluate the benefits and limitations, and discuss the potential for 

volunteer involvement to sustain longitudinal data collection efforts. Additionally, 

suggestions of other open landscapes suitable for method implementation, such as coastal 

and urban-proximate NPS units, are provided.  

Key words: visitor use, behavior mapping, spatial patterns, open landscapes, Yosemite 

National Park 

 

                                                 
1
 Co-authored by Chelsey Walden-Schreiner and Dr. Yu-Fai Leung of North Carolina State University and 

Todd Newburger and Brittany Woiderski of Resources Management and Science, Yosemite National Park. 
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Introduction 

 

Open landscapes provide vital habitats for a diverse array of flora and fauna as well 

as support important hydrologic functions. In addition to their ecological importance, open 

landscapes also provide space for varied human activities. While different types of open 

landscapes—like meadows, dunes and beaches—serve different ecological and social 

functions, key shared characteristics include having no or low groundcover allowing for great 

visibility, high walkability and natural appeal (Figure 1).  

 

 

Figure 1 View of Yosemite Falls from Cook's Meadow, Yosemite Valley, as an example of an open landscape 

 

While the NPS actively manages for resource protection and visitor experience, open 

landscapes are subject to external and internal threats including climate change, altered 

hydrologic regimes, encroaching development and intense visitor use. In Yosemite National 

Park, anthropogenic and ecological forces have reduced meadow acreage in Yosemite Valley 
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by nearly half since the late 1800s (NPS 2007). Meadows currently comprise 3% of total 

park area, yet support a larger percentage of the park’s total number of species and serve as 

major visitor attractions (NPS 2011a). Proliferation of visitor-created informal trails is a 

common type of impact associated with open landscapes. Informal trails, also called social 

trails, are visually identifiably pathways created and used by visitors that fall outside of the 

park’s formal trail system (Leung et al. 2002). Informal trails are often inappropriately 

located with respect to resource protection objectives, can cause landscape and habitat 

fragmentation, and can negatively impact visitor experience (Leung et al. 2011; Marion et al. 

2006; Manning 2007; Wimpey and Marion 2011).  

Effective management of open landscapes, especially those subject to high use with 

significant informal trail presence, requires an understanding of visitor use and its spatial and 

temporal patterns. The need for spatial and temporal visitor use data motivated development 

of the monitoring methodology presented in this study. Many methods for monitoring visitor 

use in parks and protected areas are designed for static locations like entrance stations or 

trailheads. Human observers and on-site automated counters are common methods to 

accurately document visitor numbers at these types of locations and are important tools for 

estimating use numbers (Cessford and Muhar 2003; Pettebone et al. 2010).  

However, open landscapes, like meadows, present unique monitoring challenges due 

to multiple points of access and limited or no infrastructure to confine visitor use, limiting the 

effectiveness of many current visitor use monitoring methods (Figure 2). The inclusion of 

spatially explicit visitor data can lead to a deeper understanding of the relationship between 

visitor use and resource impacts when integrated with biophysical data. Understanding visitor 
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use patterns can also support efforts by the NPS to address larger societal concerns like 

increasing awareness of the health benefits (Hoehner et al. 2010) and opportunities (National 

Park Service Advisory Board 2006) available in national park units. 

 

 

Figure 2 Open landscapes often have multiple points of access and limited or no infrastructure to confine use 

 

Time-lapse photography or videography is a method that can be used in open 

landscapes to obtain visitor counts and use patterns. Studies using photography or video to 

observe use have compared counting accuracy with other methods (Arnberger et al. 2005) or 

derived spatial patterns (Kinney and Clary 1988). However, photographic methods may 

require expensive equipment or raise issues of privacy. Other studies capturing spatial 

information use visitor-carried Global Positioning System (GPS) units, which can provide 

accurate track assessments of visitor movement and can be integrated with natural resource 
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data (D’Antonio et al. 2010). However, visitor-carried GPS studies are not readily designed 

to obtain contextual information such as visitor demographics, group dispersal and individual 

activities. Contextual details like visitor activities afford data analysis options that further the 

understanding of use patterns and resource impacts.  Multiple points of access inherent in 

open landscapes may also hinder the ability to intercept visitors to carry GPS units and 

potentially influence use due to participant awareness.  

 The objective of this study was to develop an accessible, replicable and reasonably 

accurate monitoring method for documenting the amount and context of visitor use and 

spatial distribution in open landscapes. For the purposes of this study, accessibility required 

the method involve low-cost materials that could be implemented by volunteers with varying 

levels of technical expertise. An accessible methodology allows for greater integration with 

existing open landscape monitoring that may be operating with limited budgets or personnel 

resources, and provides an opportunity to engage community partners in collection of 

managerially relevant data (Figure 3).  

 An unobtrusive observational study employing systematic time scanning and visitor 

use mapping techniques was developed from methods established in ethology, physical 

activity and landscape design research. Methods were adapted to address challenges unique 

to open landscapes with limited or no built features. Adaptations could allow the method to 

serve as a viable option for use in parks that may be working with volunteers to collect 

longitudinal data. The methodology was implemented in three ecologically and socially 

significant meadows located in Yosemite National Park during the summer and fall of 2011. 
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Figure 3 Volunteer collecting visitor use data in El Capitan using paper-based tool 

 

 

Study Area 

 

Located in the Sierra Nevada of California, Yosemite National Park encompasses 

over 3,026 square kilometers of ecologically diverse forests, riparian habitats and glacially-

created landforms (NPS 2011b). Yosemite Valley, the Merced River Corridor, and the 

meadows nested within the park are part of the most iconic and highly valued landscapes of 

the National Park System. The meadows of Yosemite Valley provide habitats for a diverse 

array of plants and animals and serve as an integral part of the visitor experience.  

As part of the resource degradation indicator development for the Merced River Plan 

and longitudinal research efforts, NPS staff began monitoring informal trail networks in eight 

high-use Yosemite Valley meadows in 2004 using protocols developed in collaboration with 

researchers (Leung et al. 2011). Analysis from these monitoring efforts suggests that the 

number and extent of informal trails in the meadows have increased since the 1970s (Foin et 
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al. 1977; Leung et al. 2011).   

 

Methods 

 To contribute to current meadow monitoring and management efforts, three Yosemite 

Valley meadows were selected for this study. El Capitan, Leidig and Cook’s Meadows were 

chosen based on discussion with park staff regarding informal trail proliferation concerns 

(Figure 4, Table 1).  

 

 

Figure 4 Location and ecological boundaries of Yosemite Valley meadows included in the study 
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Table 1 Attributes of Yosemite Valley meadow used in the observational study 

  

 Area (m
2
) Parking 

Availability 

Formal trail in 

meadow?(Yes/No

) 

Cumulative 

length of 

informal trails in 

2011 (m) 

El Capitan 196384 Roadside N 5416.85 

Leidig 141026 Parking lot Y 3550.12 

Cook’s  

(sections A & B) 

94204 Roadside, Parking 

Lot 

Y 2138.16 

 

Unobtrusive direct observation was chosen because of its ability to capture both spatial and 

descriptive data in large areas with multiple points of access, prove accessible to allow for 

adoption into existing monitoring programs, and not unduly influence visitors by altering 

behavior or impacting experience (Table 2). With relatively unobstructed views of visitor 

activities in open landscapes, observers can gather data on visitor use of space, demographic 

variables and environmental contexts which may influence use (e.g., trail condition, 

weather).  

Two observational methods were adapted from previous direct observation studies 

and combined for the purposes of this research. Used in landscape design and physical 

activity studies, behavior mapping is an objective observational method for documenting 

actual use of space and yields data that support environment-behavior analysis (Moore and 

Cosco 2010). Behavior mapping employs a systematic scan to record the location of 

individuals and desired descriptive data within identified target areas. Data are documented 

on either electronic or paper maps before observers progress to the next target area. 

Originally developed for built environments, behavior mapping target areas have included 

locations in playgrounds, schools and zoos (Cosco et al. 2010; Proshansky et al. 1976). 

Observers scan the target area, stopping at the first individual encountered to record pertinent 



17 

 

 

 

variables. The scan resumes from the location it stopped and is repeated until the entire target 

area has been scanned. In past research, once the target area has been fully scanned, the 

observer systematically moves to the next target area or subdivision designated for study 

(e.g., play equipment to greenway trail segment). The lack of built features from which to 

scan and progress to, and the expansive nature of open landscapes required adapting the 

behavior mapping method.  

Momentary time sampling was integrated with behavior mapping so observers could 

remain in one location to complete a 360-degree scan of a large area.  The system for 

observing play and recreation in communities (SOPARC) and the system for observing play 

and recreation in natural areas (SOPARNA) are direct observation methods designed to 

observe and document levels of physical activity using momentary time sampling. 

McKenzie, Cohen, Sehgal, Williamson, and Golinelli (2006) developed SOPARC as a tool to 

examine physical activity within the context it is occurring. SOPARC addresses the diversity 

of open activity environments whereby observers scan a target area and code individual 

activity. The application of SOPARC coding categories and scanning techniques in a formal 

trail environment (Reed et al. 2007) and SOPARNA to campsites represent the application of 

such scanning techniques to increasingly natural areas (Sasidharan and McKenzie 2011).  
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Table 2 Comparison of visitor use observation and monitoring methods 

 
 Visitor-carried GPS Survey Methods with 

Route Mapping 

On-site Counters Camera/Video 

documentation 

Behavior Mapping  

Description Visitors carry GPS 

unit tracking 

movement 

Visitors asked to identify 

routes on base maps as 

part of a questionnaire 

Pressure or optical 

sensors placed at static 

locations  

Camera or video 

equipment record use 

(stationary equipment set 

for recording intervals, 

time-lapse photography) 

Human observers record 

visitor use on maps 

(electronic or paper) of 

target area 

Information  Spatial tracks of 

visitor movement 

 Routes or hot spots 

identified on map of 

protected area 

 Visitor counts 

 Spatial counts at 

static location if 

multiple counters 

placed along trail 

 Visitor counts  

 Spatial distribution  

 

 Visitor counts (at 

one time) 

 Spatial distribution 

(visitors and  

activities) 

 

Benefits  Accurate (with 

differential 

correction) 

 Simple to 

administer 

 Efficient  

 Simple to administer  

 Accurate (with 

calibration) 

 Portable 

 Minimal staff time 

required for data 

collection 

 Allows data coders to 

progress at own speed 

 

 Flexible (can collect 

many different 

variables at once) 

 Accurate with 

training 

 Inexpensive 

 Can be done by 

volunteers 

Limitations  Multiple GPS 

units may be 

expensive  

 Post-processing of 

data required 

 Requires visitor 

participation (may 

influence 

behavior) 

 Subject to 

technology failure 

 

 Relies on visitor 

recall 

 Post-processing of 

data requires time 

 Relegated to one 

location at a time, 

cannot sense 

dispersed use  

 Requires careful 

calibration  

 Subject to 

technology failure 

 Expensive 

 Data coding and 

analysis is time 

intensive  

 May raise privacy 

issues  

 Subject to technology 

failure  

 Requires training  

 Target area size and 

vegetation may 

obscure visibility in 

some areas 
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In studies of trail use and physical activity, momentary time scans documenting 

demographic and activity variables using predefined codes (i.e., SOPARC, SOPARNA) have 

demonstrated acceptable levels of interobserver reliability in more natural areas when 

comparing the number of variables each observer recorded that match the a total percent 

agreement (McKenzie et al. 2006). While momentary time scans have been applied in natural 

environments previously, including finer-scale spatial data generated from behavior mapping 

allows for further data analysis into use patterns and resource impacts.   

During a pilot test in May 2011, researchers collected GPS data necessary to create 

maps on which to record data and establish observation locations. Three observation 

locations, positioned throughout the meadow area, were chosen for each meadow based on 

lines of sight and complementary visual coverage of the meadow. The meadow boundary, 

identified by road, river or forested areas, served as the boundary of the target area for 

behavior mapping scans. Maps for data collection clearly identified meadow boundaries and 

included reference features. Reference features aided mapping accuracy and included easily 

identifiable trees, snag and interpretive signs. Maps were constructed in ESRI ArcMap 10.0 

and included formal and informal trails as mapped by NPS staff as well as an aerial image of 

the study area (Figure 5).   
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Figure 5 Base map created in ESRI ArcMap and used for behavior mapping in El Capitan Meadow 
 

Each meadow was observed for 12 hours throughout July and August 2011. An 

observation schedule ensured ach meadow was observed for six hours during the week and 

six hours during the weekend, covering all hours between 8:00 a.m. and 8:00 p.m. Which 

meadow to observe and when (i.e., week day or weekend, time of day) was randomly 

selected without sampling session replication from within the observation schedule. A trained 

observer also randomly selected the observation location from which to observe and 

conducted scans of the meadow every 20 minutes for a two-hour sampling period. Variables 

collected during sampling periods included spatial location in meadow, gender (male or 

female), age category (youth or adult), and activity (Table 3). The youth age category 
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includes ages approximately 10 and younger, while the adult category includes individuals of 

ages approximately 11 and older. These categories reflect metabolic rate differences by age 

as employed in past physical activity research and demonstrate acceptable inter-rater 

reliability (Floyd et al. 2008).  

 

Table 3 Behavior mapping variables and coding options 

 
Variable 

Name 
Gender 

Age 

Category 

Activity 

Stationary Active 

Codes 
Male (M) 

Female (F) 

Adult (A) 

Youth (Y) 

Standing (ST) 

Sitting (SI) 

Photography (P) 

Sleeping (SL) 

Walking (W) 

Running (R) 

Biking (B) 

 

A new map was used for each scan, resulting in six maps per sampling period. 

Multiple observation locations and randomized selection were designed to minimize mapping 

inaccuracy, either due to distance from those being observed or hindered line of sight, over 

time. The margin of observer error was assessed by having a trained observer document a 

second individual taking GPS waypoints throughout two of the study meadows. The distance 

between 22 observed points and the corresponding GPS waypoints were calculated and 

averaged. The average margin of error was 11.32 m with a standard deviation of 7.22 m. This 

is in comparison to mapping-grade GPS units that can obtain positions within 2-5 m of true 

position and consumer-grade GPS units that can obtain results between 5-10 m of true 

position, depending on satellite availability and canopy conditions (Wing et al. 2005).  The 

level of error was acceptable as the data primarily related to visitor management rather than 
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more precise ecological management and allowed this research to occur without influencing 

visitor behavior or experience.   

Interobserver reliability for gender, age and activity variables was assessed using an 

overall percent agreement method for approximately 5% of the 108 completed behavior maps 

(n = 5) (McKenzie et al. 2006). Two observers collected data simultaneously, but without 

interacting, from the same observation location. Percent agreements were 88.2% for gender, 

86.8% for age category, and 66.2% for activity. When activity was grouped into the 

stationary and active categories used for data analysis, however, interobserver reliability 

increased to 82.4%. 

Use data were collected on identical color maps placed either on a touchscreen Sahara 

Slate PC i440D tablet computer running ESRI ArcPad 7.1 (Figure 6) or printed on a letter-

sized paper. Both tools were used to assess the benefits and limitations of each as it pertained 

to method accessibility and volunteer involvement. Data collected on the tablet computer 

were in the form of shapefiles with dropdown menus for variable selection. For data 

collected on the paper map, a numbered point, which corresponded to the same number in a 

data collection spreadsheet, represented the location and attributes of each individual. For 

example, the number 12 on the map corresponded to variables documented in row 12 of the 

spreadsheet (Figure 7).  
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Figure 6 Data collection screen using Leidig base map and ESRI ArcPad 7.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Completed behavior mapping scan using paper map 
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Volunteer observers were recruited through the park’s daily e-mail report, park web 

site and Twitter feed. Prior to data collection, volunteers participated in a meadow orientation 

and training session. All volunteers collected data on paper maps that were later digitized 

using the ESRI ArcMap 10.0 software package. Volunteers sustain ongoing behavior 

mapping efforts in Yosemite to collect winter and spring use data.  

 

Findings and discussion  

 While the focus of this paper is to discuss method development, it is important to 

highlight some utility of the data collected. The 18 sampling periods resulted in 108 maps (36 

per meadow). Observed visitor demographics are summarized in Table 4. Use numbers were 

relatively equal across all three meadows and visitors were predominately male adults. 

 

Table 4 Gender and age of visitors observed in study meadows 

 El Capitan Leidig Cook’s 

 Male Adult 225 275 274 

 Female Adult 153 260 248 

 Male Youth 16 30 30 

 Female Youth 11 28 27 

 Total Observed 405 593 579 

 

  

Observational point data generated through behavior mapping also produced several 

basic maps and indicated areas of concentrated use. For example, the average nearest 

neighbor tool was used to test the randomness of visitor distribution on meadows. For all 
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three study meadows, visitor use was highly clustered and statistically significant (Table 5). 

Some clustering in Cook’s and Leidig Meadows can be attributed to the formal trails within 

the meadows. El Capitan Meadow did not have a formalized trail at the time of study. Using 

ArcGIS, three buffers (i.e., 5 m, 10 m, and 20 m) were placed around the formal trails in 

Cook’s and Leidig Meadows to examine the percent of visitor use occurring on or near 

formal trails. Buffers distances were based on the margin of error and also addressed issues 

of map scale (i.e., approximately 1 cm on the map represented 25 m of actual space). While a 

majority of use was within the formal trail buffers, the buffers contained a higher percentage 

of visitor use in Cook’s than in Leidig (Table 6).  

 

Table 5 Nearest neighbor calculations for study meadows 

 El Capitan Leidig Cook’s 

Observed mean distance (m) 3.18 1.86 1.66 

Expected mean distance (m) 11.09 7.71 6.98 

Nearest Neighbor Ratio 0.29 0.24 0.24 

z-score -27.46 -35.34 -35.00 

p-value 0.00 0.00 0.00 

 

Table 6 Percent of visitors observed within 5, 10 and 20 meters of a formal trail 

Distance from formal 

trail 

Cook’s 

Meadow 

Leidig 

Meadow 

Within 5m 68% 64% 

Within 10m 83% 69% 

Within 20m 86% 75% 
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The kernel density estimation (KDE) measured the spatial distribution of intensity 

and can further explore areas of intense visitor use. For the purposes of this study, a search 

radius of 100 m was used to calculate the KDE. Figure 8 compares the KDE of active (e.g., 

walking, running) and stationary (e.g., photography, sitting) visitor use in El Capitan 

Meadow.  

 

Figure 8 Kernel density estimation of active (e.g., walking, running) and stationary (e.g., photography, sitting) 

activities in El Capitan Meadow 
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Additional analysis and the power of behavior mapping as a tool to understand visitor 

use patterns in open landscapes could include the spatial distribution of different activities to 

examine gender concentrations, patterns of dispersal or level of physical activity among 

visitors. Additionally, use pattern data can serve as a guide for restoration planning and site 

design. Future analysis could also examine use data with other biophysical data like 

vegetation, topography or hydrology. Chapter 3 of this thesis will spatially integrate the use 

data described in this chapter with informal trails to examine relationships between use and 

trail patterns. The objective of developing an accessible method for visitor use monitoring in 

open landscapes was achieved, however further research and analysis is needed to improve 

its accuracy, reliability and efficiency. 

 One key design consideration of this monitoring method is its accessibility to a wide 

variety of users, including not only researchers and park staff, but also local community and 

other park volunteers. Indeed, longitudinal data collection efforts to explore seasonal 

variations of use are currently supported by volunteer efforts. The paper-based tool allows 

volunteers to collect data after a short training and orientation session at minimal supply cost. 

The only supplies required include paper maps, data collection spreadsheets, writing utensil, 

timer and binoculars, as needed. Paper maps were cost effective and required little 

preparation time aside from map creation. However, additional time was required after data 

collection to digitize the paper maps and observers were more prone to make errors during 

the data collection process (i.e. multiple points on the base map identified by the same 

number on the same map; forgetting to collect descriptive data). Additionally, navigating 
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from the paper map to a separate spreadsheet was cumbersome and vulnerable to inclement 

weather conditions.  

The tablet computer, equipped with a touch screen where observers could indicate the 

location of the observed visitor using a stylus and collect descriptive variables from drop 

down lists, eliminated data entry errors related to the digitizing process. However, the tablet 

computer required creating a template shapefile to house the drop down menus prior to data 

collection and the observer needed a cursory familiarity with the software to collect data. 

While the tablet computer helps minimize the time spent processing raw data and eliminates 

some field collection errors, it increases material costs. Open source GIS applications 

developed for Apple iPads or other inexpensive tablet computers and mobile technologies 

may be an option in the future to reduce both costs and data processing time.  

 The size of the meadows and vegetation height during late summer months may have 

affected observer accuracy. To lessen potential errors introduced by subdividing the meadow 

(i.e., double counts if observers are unsure as to whether the visitor is within their target area 

or another subdivision), some accuracy was compromised for greater accessibility and the 

ability to allow visitors to experience the meadows without influence from the researcher. 

Unlike survey methods or visitor-carried GPS, behavior mapping does not require 

participation from the visitor and therefore eliminates the potential for non-response bias or 

influenced behavior. Discrete observation locations also lessened influence on the visitor.  

Interobserver reliability, though acceptable, was difficult to measure accurately given 

the size of the meadows and tendency for observers to scan at slightly different rates. 

Additionally, low interobserver reliability when recording specific activities (e.g., walking, 
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standing) may be more related to visitors changing their activity frequently than observers 

coding the same activity differently. For example, a visitor may stop temporarily to wait for a 

group member and then continue walking. If observers scan at different rates, the visitor 

could be coded differently. Future research using this method may consider using broader 

activity categories as was done for the analysis purposes in this research (i.e., active and 

stationary), smaller target areas to scan or a larger sample size from which to calculate and 

improve interobserver reliability.  

 The incorporation of volunteers and the lessons learned may help inform future 

efforts in other parks and protected areas. Feedback from volunteers suggested a more 

detailed meadow orientation should be included with the training session to help increase 

familiarity with the study site and practice data collection procedures. With regards to paper 

maps, observers could also work in pairs with one individual mapping and the other 

recording demographic variables. This would allow one individual to focus on mapping and 

less on switching from the map to the data spreadsheet. Furthermore, a pair of volunteers can 

replicate the process to examine that observer’s spatial accuracy and measurement error. 

Volunteers also make it possible to have individuals at multiple observation locations to help 

increase accuracy over time as well as gain a more robust picture of overall visitor use 

patterns. Meadow size and location options may dictate how many volunteers can be placed 

at each observation location.  

Data resulting from this method can aid management when identifying areas of 

intense visitor use, planning trail maintenance or surface hardening and inform restoration 

planning. Additionally, the data could be examined in a physical activity context to support 



30 

 

 

   

public health objectives and initiatives. While the meadows of Yosemite Valley were used to 

test this methodology, other high use and ecologically significant open landscapes may be 

candidates for future applications. For instance, beaches, dunes and tundra are areas in which 

behavior mapping may serve as a useful method for monitoring visitor use patterns and could 

be integrated with resource condition data. This modified behavior mapping method can be 

tailored to a variety of open landscapes to yield important descriptive and spatial data on 

visitor use to inform sustainable management of open landscapes. 
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CHAPTER 3 

 

Characterizing Visitor Use and Its Spatial Association with Informal Trails  

in Yosemite Valley Meadows
2
 

 

 

Abstract  

 

Ecological impacts associated with nature-based recreation and tourism can 

compromise park and protected area goals if left unmanaged. As management agencies 

increasingly incorporate indicator-based management frameworks to address such pressures, 

scientifically grounded and empirically tested methods of measurement and management are 

needed to incorporate and leverage of multiple data types. This study sought to spatially 

characterize visitor use in open landscapes and integrate use patterns with informal trail 

condition data to examine the association between use and informal trails. Informal trail and 

visitor use data were collected concurrently during July and August of 2011 in three, high-

use meadows of Yosemite National Park, California. Visitor use distribution was clustered at 

statistically significant levels in all three study meadows. Spatial data integration found no 

statistically significant differences between use patterns and trail condition class. However, 

statistically significant differences were found between visitor activity type and the distance 

visitors were observed from informal trails. Results highlight the utility of integrated spatial 

analysis in supporting indicator-based monitoring and additional variables are discussed for 

future analysis.  

Keywords: Informal trails, visitor use, behavior mapping, spatial data integration, Yosemite 

National Park 

                                                 
2 Coauthored by Chelsey Walden-Schreiner and Yu-Fai Leung  
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Introduction 
 

Parks and protected areas are widely recognized as vital landscapes, which support 

biodiversity conservation and a range of ecosystem services. Yet protected areas are subject 

to a variety of ecological pressures exacerbated by anthropogenic threats (UNEP-WCMC 

2008). Of concern are the ecological pressures associated with nature-based recreation and 

tourism, which if left unmanaged, may compromise park and protected area objectives. Past 

studies examining visitor-related impacts have found relationships between visitor use and 

soil compaction, vegetation trampling, wildlife disturbances, water quality degradation, 

visitor conflict, and compromised visitor experience (Buckley 2004; Hammitt and Cole 1998; 

Liddle 1997; Newsome and others 2001). Growing interest in and visitation to natural areas 

in the United States (Cordell 2008) and worldwide (Balmford et al. 2009) highlights the ever-

growing importance of sustainable visitor management and impact monitoring in parks and 

protected areas.  

Agencies mandated to protect natural and cultural resources while providing for 

visitor use have increasingly turned to indicator-based management frameworks to address 

visitor-related resource impacts (Manning 2007). Indicator-based management frameworks, 

like Limits of Acceptable Change (LAC) and Visitor Experience and Resource Protection 

(VERP), share similar core elements designed to define types of opportunities, monitor 

established indicators and implement management actions if monitoring show violation or 

near violation of standards of quality (Manning 2011; McCool and others 2007). Hadwen and 

others (2007) argue that an integral step in monitoring visitor impacts is to understand the 

number, timing, location and activities of visitors. Because visitor use is often unevenly 
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distributed throughout protected area boundaries (Hammitt and Cole 1998), objective data on 

visitor distribution patterns are crucial when monitoring and managing visitor impacts. For 

example, density maps or hot spot analysis can depict areas of concentrated visitor 

illustrating potential problem areas for resource impact or crowding.  

Due to managerial concerns regarding the empirically documented ecological and 

social significance, visitor-created informal trails are increasingly recognized as important 

indicators of resource degradation in management frameworks (Bacon and others 2006, Kim 

and Daigle 2011). Informal trails are visually identifiable pathways created by visitors 

outside of a park’s formal trail system (Leung and others 2002). Of both ecological and 

social concern is the propensity for informal trails to rapidly proliferate based on the dynamic 

motivations of visitors (Marion and others 2006). Areas with long recovery rates, sensitive 

ecosystems, or limited resources available for restoration programs may hinder the ability of 

managers to deter continued use of existing informal trails. Open landscapes, such as 

meadows or dunes, present unique management challenges due to the multiple points of 

visitor access and limited or lack of built features designed to confine visitor use.  

While many studies have explored methods for documenting extent, condition, and 

impacts associated with informal trails (Leung and others 2011b; Wimpey and Marion 2011), 

few have explored how patterns of visitor use correspond to existing informal trail patterns. 

Therefore, the objectives of this study were to spatially characterize visitor use in open 

landscapes and integrate use patterns with informal trail data to examine their spatial 

association.  
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Related Literature 

Informal Trails 

Planning routes through protected areas involves balancing several objectives 

including proper trail design, ecological considerations, and providing opportunities for 

visitors. However, a formal trail network in a protected area may not always achieve the 

containment strategy to minimize impacts as planned. Informal trails are often created by 

goal-driven behavior largely attributed to complex motivations associated with access, 

avoidance, exploration, accidental, shortcuts, attraction, or activities (Wimpey and Marion 

2011). Trail condition can also exacerbate informal trail proliferation. Visitors avoid trails 

exhibiting severe erosion or degraded trail tread (Bryan 1977; Liddle 1997; Root and Knapik 

1972) and difficult terrain may also lead to visitors using adjacent surfaces rather than the 

existing trail tread (Bayfield 1973). Over time, well-developed or frequently used trails 

become more attractive due to the ease of using already cleared pathways (Bayfield 1973; 

Helbing and others 1997; Wilson and King 1995). Research suggests informal trails are less 

sustainable than planned trails (Wimpey and Marion 2011), can cause landscape and habitat 

fragmentation (Forman 1995, Leung and others 2011b), and can negatively affect visitor 

experience (Manning 2007). Even limited levels of visitor use have been shown to noticeably 

degrade organic litter and vegetation (Thurston and Reader 2001).   

Past informal trail research has also explored how to accurately measure or estimate 

the length and density of informal trail networks and test various management techniques for 

minimizing informal trail creation and use. Despite overlapping and complex research 

purposes, the majority of studies have sought to aid managers in understanding both the 
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impacts and mitigation tactics to reduce informal trail proliferation. The most common 

measurement techniques to establish length or density of an informal trail network include 

counting (Marion 1994), line-intercept estimates (Boorman and Fuller 1977) and field 

mapping (Leung and others 2011b; Rochefort and Swinney 2000).  

 

Visitor Observation Studies  

 The unplanned and dispersed nature of informal trail development and use can render 

some traditional visitor monitoring techniques, like infrared sensors or trailhead counts, 

difficult to implement in open landscapes. Visitor-carried global positioning system (GPS) 

units accurately capture the spatial extent of visitor use (D’Antonio and others 2010), but for 

the purposes of this study only unobtrusive methods were considered so as not to unduly 

influence visitor behavior or experience. Whether using photo or video monitoring, or human 

observers for data collection, observational studies are one method for generating behavioral, 

spatial, and temporal data (Arnberger and others 2005; McKenzie 2010). When applied to 

visitor use of informal trail networks in open landscapes, observational studies can track the 

spatial location of visitors, as well as visitor characteristics and activities.   

 Photographic and video monitoring in protected areas are examples of observational 

methods used to capture spatial and descriptive visitor data. Such automated techniques have 

traditionally been used to derive visitor counts (Cessford and Muhar 2003). Analysis of 

images or footage can provide spatial and temporal data (i.e., visitation numbers by season or 

time of day, number of visitors at given areas), classify visitor behavior, and be used in 

conjunction with other methods like visitor surveys (Arnberger and others 2005; Muhar and 
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others 2002). Focusing on the spatial applications of photo-based monitoring, Kinney and 

Clary (1998) employed time-lapse photography to monitor animal riparian meadow use. 

They recorded relative amounts of different uses by analyzing photos taken every 20 minutes 

and classifying animal activity and location relative to large plant community groups (e.g., 

dry graminoid, streamside, mixed). Densities were computed based on the number of animals 

per area and analyzed to determine types of activity based on vegetation-soil category.  

 Human observers are also able to capture spatial and descriptive data associated with 

visitor use. The system for observing play and recreation in communities (SOPARC) and the 

system for observing play and recreation in natural areas (SOPARNA) are direct observation 

methods designed to observe and document levels of visitor activity using momentary time 

sampling. Developed as a tool to examine physical activity within the context it is occurring, 

SOPARC addresses the diversity of open activity environments whereby observers scan a 

target area and code individual activity (McKenzie et al. 2006). Multiple scans of the same 

area are completed with each scan only documenting a specific variable (i.e., scans for the 

number of males, scans for the number of youth). The application of SOPARC coding 

categories and scanning techniques in a formal trail environment (Reed et al. 2007) and the 

latest iteration, SOPARNA, to campsites represent the movement of this method to 

increasingly natural areas (Sasidharan and McKenzie 2011). 

 Behavior mapping is another example of an objective observational method for 

documenting actual use of space resulting in data regarding the environment and behavior 

(Moore and Cosco 2010). Behavior mapping employs a left-to-right scan with observers 

recording the location, activity, and other pertinent variables of individuals concurrently in a 
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target area. The observer records the data and continues to scan from the last observed 

individual to the next until the entire target area has been scanned. Cosco and others (2010) 

used predefined age and activity codes similar to SOPARC to document spatial locations and 

activity characteristics of physical activity in a playground setting. Data were collected on 

georeferenced base maps loaded on a handheld computer. The resulting behavior maps 

provided insight into open space and recreational design to encourage physical activity with 

the intention to inform future play and physical activity area design.  

 

Integrated Analysis  

 With methods developed to map and assess informal trails as well as spatial 

distribution of visitor use, it is surprising few studies have integrated the data sets to explore 

spatial relationships between use patterns and informal trail conditions in open landscapes. A 

comparison and integration of visitor use and ecological data can provide a more detailed 

understanding of the relationship between use and the resulting ecological impact of informal 

trails to better inform and direct management efforts. 

 In an early study, Foin and others (1977) employed a direct visitor observation in 

Yosemite National Park in conjunction with vegetative assessments and wildlife 

observations. Human observers recorded visitor routes on base maps and compared routes to 

concurrent vegetation and wildlife analysis in six meadows. Assumed motivations for visitors 

using trails in the meadows stemmed from objectives outside of the meadow itself (i.e., 

reaching a campsite, accessing scenery or geological feature on the opposite side of the 

meadow) based on an assessment of six meadows. Vegetation analysis, when compared to 
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visitor use levels, analysis revealed select plant species were indicators of intense trampling. 

Burden and Randerson (1972) also investigated human disturbance and vegetation condition 

in open landscapes, but used time-lapse photography. A base photograph was taken with a 

grid constructed on site. The grid allowed subsequent processing of photographs of visitor 

use without the grid to more accurately position visitors in the site. Analysis then integrated 

cumulative distribution diagrams and vegetation and soil measurements taken within the 

same site. Results indicate visitor use not only impacts vegetation directly through trampling, 

with some species more resistant to trampling than others, but also indirectly on soil 

characteristics that can affect vegetation in the longer term. The photographic method 

allowed for data on visitor intensity to compare with trampling effects and soil compaction as 

well as seasonal use trends that may influence recovery rates.  

 Currently, no methods have categorized and spatially displayed visitor use of 

informal trails in open landscapes. As the popularity of using informal trail metrics in 

indicator-based management framework grows, a concerted effort is justified to synthesize 

and build the body of knowledge surrounding the issue to develop scientifically grounded 

and empirically tested methods of measurement and management.  

  

Methods 

Study Area 

Located in the Sierra Nevada region of California, Yosemite National Park (YNP) is 

both a renowned unit of the United States’ National Park System and a UNESCO World 

Heritage Site. Protecting 302,693 ha of ecologically diverse forests, riparian habitats and 
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glacially created landforms, YNP also boasts abundant outdoor recreation opportunities. In 

2011, the park recorded over four million domestic and international visits (NPS 2012). 

Much of the visitor use is concentrated in Yosemite Valley, home to highly valued and iconic 

waterfalls, granite domes, meadows and the Merced River. Yosemite Valley ranges in 

elevation from 1107 m at the west end to 1223 m at the east. The meadows of Yosemite 

Valley provide habitats for a diverse array of flora and fauna while also serving as an integral 

part of the visitor experience. While the NPS actively manages for resource protection and 

visitor experience, the meadows are still subject to ecological threats and intense visitor use. 

Anthropogenic and ecological forces have reduced meadow acreage in Yosemite Valley by 

nearly half since the late 1800s (NPS 2007).  

As part of the Merced River Plan (MPR), YNP developed indicators (i.e. 

characteristics of informal trails) and standards directly related to the outstandingly 

remarkable values of the river corridor as mandated by the Wild and Scenic Rivers Act of 

1968 (Bacon and others 2006). As part of the MRP and indicator-based monitoring, the park 

began mapping informal trails in eight meadows of Yosemite Valley in 2004. An index 

created from the sum of the largest five patches divided by the meadow area is one metric 

used to monitor changes to the meadows based on informal trail proliferation and landscape 

fragmentation over time (Leung and others 2011b). 

Three of the eight meadows were selected for inclusion in this study: Cook’s, El 

Capitan and Leidig. All study meadows are all located within Yosemite Valley and were 

chosen based on discussions with park staff regarding visitor use levels and informal trail 

proliferation concerns (Fig. 9). All meadows are accessible by road and offer roadside 
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parking or a nearby parking lot. At the time of the study, Cook’s Meadow had boardwalks 

and paved surfaces forming a “u-shape” within the study area boundaries and was 12.71 ha. 

Leidig Meadow was 14.10 ha in size and had a formal trail forming the eastern boundary of 

the meadow. El Capitan, measuring 19.64 ha, did not have any formal trails or hardened 

surfaces within the meadow. While past informal trail data gathered for indicator-based 

management in Yosemite is based on ecological meadow boundaries, study area boundaries 

were created to include formal trails and visitor use on meadow peripheries. In some cases, 

the bank of the Merced River was also included as part of the study area boundary if it was 

associated with visitor behavior within the meadow.  

 

 
Figure 9 Map of Yosemite Valley and ecological meadow boundaries of El Capitan, Leidig and Cook’s 

Meadows 
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Field Procedures 

Informal Trail Identification and Mapping 

Informal trail data were collected during July and August of 2011 using protocols 

developed by YNP staff in collaboration with researchers (Leung and others 2011b; 

Newburger and others 2011). Protocols have been refined since the initial implementation 

and inventory in 2004 when informal trails were identified as an indicator in the MRP and 

are described in an illustrated field monitoring guide for consistent application (NPS 2010). 

Meadows were systematically assessed by trained field staff to identify, map and classify all 

informal trail segments within or intersecting the ecological meadow boundary. All identified 

informal trail segments were mapped using a Trimble GeoXT global positioning system 

(GPS) unit and assigned a condition class based on degree and characteristics of degradation 

(NPS 2010). Condition class categories included stunted vegetation, some bare ground, and 

barren (Table 7). Pictures and descriptive characteristics in the field monitoring guide 

assisted in trail classification and promoted consistency. Additional trail attributes recorded 

include trail width, rutting depth and number of braided features, if any, by trail segment. 

Trail segments were considered to be 25 m stretches of identifiable trail. All informal trail 

GPS data were post-processed using Trimble GPS Pathfinder Office and differentially 

corrected using a base station located within the park’s boundary to increase accuracy.  
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Table 7 Informal trail condition class characteristics (adapted from NPS 2010)  

Informal Trail 

Condition Class 

Trail Characteristics 

Stunted 

Vegetation 

 

Distinct trail feature present 

Trail boundary present 

Moderate repeated human use evident 

Trampled and matted vegetation 

Noticeably impeded vegetation growth 

Some Bare 

Ground 

Distinct trail feature present 

Heavy repeated human use evident 

Trampled and matted vegetation 

Noticeably impeded vegetation growth 

Some bare ground present in trail tread 

Barren  Distinct trail feature present 

Trail boundary present and distinct in most areas 

Extensive repeated human use evident 

No vegetation present 

Bare ground present in trail tread throughout 

 

Visitor Use Characterization and Mapping 

Visitor use data were collected in the three selected meadows during July and August 

of 2011. Unobtrusive direct observation was chosen because of its ability to capture both 

spatial and descriptive data in large areas with multiple points of access while not unduly 

influencing visitors by altering behavior or impacting experience. Additionally, direct 

observation using human observers was cost efficient and did not raise any privacy issues 

associated with photographic methods. Each meadow was observed for a total of 12 hours 

segmented in two-hour sampling periods. Sampling periods occurred between 8:00 a.m. and 

8:00 p.m. on both week days and weekends. The meadow and time of the sampling period 

were randomly selected from the sampling frame without replication. Three observation 

locations, positioned throughout the meadow area, were established for each meadow during 

a pilot test based on lines of sight and complementary visual coverage of the meadow. 

Multiple observation locations and randomized selection were designed to minimize mapping 
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inaccuracy, either resulting from hindered line of sight or distance from those being 

observed, over time.  

Trained observers systematically scanned the meadow using behavior mapping 

techniques every 20 minutes from one observation location for a two-hour sampling session. 

The spatial location, gender, age category and primary activity were recorded on a Sahara 

Slate PC i440D tablet computer with an interactive base map of the study area open in 

Environmental Systems Research Institute (ESRI) ArcPad 7.1. Base maps were constructed 

using ESRI ArcMap 10.0 prior to data collection and included study area boundaries, formal 

trails, 2010 informal trails, and an aerial image of the study area. Study area boundaries often 

followed ecological meadow boundaries, but in some cases did extend beyond meadow 

boundaries to include formal trails or areas of visitor access. Base maps also included 

reference features mapped by the authors. Reference features aided mapping accuracy and 

included easily identifiable trees, snag, and interpretive signs. A new base map was used for 

each scan of the meadow for a total of six completed maps per sampling session.  

The margin of observer error was assessed by having a trained observer document a 

second individual taking waypoints on a Garmin Cs60x GPS unit throughout two of the study 

meadows. The distance between 22 observed points and the associated waypoints was 

calculated and averaged. The average margin of error was 11.32 m with a standard deviation 

of 7.22 m. When compared to the 2-5m accuracy of mapping-grade GPS units or the 5-10 m 

accuracy of consumer-grade GPS units (Wing and others 2005). The level of accuracy was 

deemed acceptable as the primary use of the data was for visitor management and the method 

allowed observers to collect data without influencing visitor experience or behavior.  



47 

 

 

   

To calculate interobserver reliability for gender, age and activity variables, two 

observers collected data independently from the same observation location. Data were 

compared using an overall percent agreement method for approximately 5% of the 108 

completed behavior maps (n = 5) (McKenzie et al. 2006). Percent agreements were 88.2% 

for gender, 86.8% for age category, and 66.2% for activity. Interobserver reliability increased 

to 82.4% when activity was grouped into the stationary and active categories used for data 

analysis. 

 

Data Analysis    

The informal trail mapping protocols resulted in line data used to calculate common 

extent measures such as trail length, extent, and density for each study area. Trail extent was 

calculated by multiplying the length of each trail segment by its width. In previous years, 

additional landscape metrics have been applied and analyzed using ecologically designated 

meadow boundaries for longitudinal and cross-meadow comparison (Leung and others 

2011b).  

 The visitor use observation data generated point data used to calculate frequencies 

associated with visitor demographics and activities. Spatial analysis examined the degree of 

clustering using average nearest neighbor calculations and Ripley’s K Function. Average 

nearest neighbor calculations determines a global index or ratio for the study area based on 

the mean distance between a feature and the closest neighboring feature in the same data set 

as compared to complete spatial randomness (CSR) patterns (Unwin 1996). The nearest 

neighbor ratio is the observed average distance between points divided by the expected 
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distance if the point pattern was random. The index produces a z-score from which a p-value 

and statistical significance can be determined. Ripley’s K function also compares the data to 

CSR patterns, but does so at varying distances (i.e., different search radii). The distance 

represents the circle in which the point pattern is analyzed (O’Sullivan and Unwin 2010). It 

should be noted that global statistics like the average nearest neighbor and Ripley’s K 

function assume a static pattern and are easily influenced by changing study area boundaries. 

Local spatial statistics, like Moran’s I, were not applied due to the categorical nature of the 

data.  

Because nearest neighbor calculations and Ripley’s K function do not describe where 

clustering occurs, kernel density estimations (KDE) served as an overall estimate and 

graphical representation of visitor intensity in all three study areas. KDE is a point density 

calculation using a quadratic function to estimate the density in a given area (i.e., kernel) 

using a specific search radius (O’Sullivan and Unwin 2010). KDE creates a smooth density 

surface based on the data. All KDE in this analysis used an output cell size of 1 m and a 

search radius of 30 m. Because KDE values are dimensionless, the estimates are sensitive to 

changes in the search radius (Ostermann 2010). The value of 30 m was chosen based on tests 

of different radii and the distribution of and natural breaks in the data itself. Across all three 

study areas, 30 m provided the most logical visual representation of the underlying visitor 

use without being overly sensitive to areas of limited coincident points. This heuristic 

approach is consistent with past research examining social data using KDE (Alessa and 

others 2008).  
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A main objective of this study was to examine the spatial association between visitor 

use and informal trails. To examine the association, the two data sets from the El Capitan 

study area were integrated by pairing each visitor observed with the closest informal trail. 

This pairing was executed for El Capitan because it was the only meadow in the study 

without a formal trail system at the time of data collection. Attributes retained included 

visitor age, gender and activity as well as visitor distance from the closest informal trail, 

informal trail condition class, length, width, rutting depth and braided features. Because the 

distribution of visitor distance from informal trail was positively skewed, the variable was 

log transformed allowing the use of parametric statistics to analyze the data (McDonald 

2009).   

Additionally, to correspond with informal trail indicator monitoring and analysis in 

YNP (NPS 2010; Newburger and others 2011), patch polygons were created for El Capitan 

Meadow. Patches were delineated in the study area where ecological meadow boundaries and 

informal trail segments intersected to create closed polygons (Leung and others 2011a). The 

width of the trail segments was incorporated as a buffer when creating patch polygons. By 

adding visitor use densities to the patch analysis, management can investigate the 

relationship between use and patch size to further support this indicator. A 4.0022 m buffer 

was added to all visitor use points as the buffered area accounts for 50% of the average 

margin of error. Any buffered visitor use points falling completely within a patch boundary 

were included for analysis. Patch size was also log transformed and correlated with visitor 

densities.  
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Results 

Characteristics of Informal Trails  

The three study areas had a cumulative total of 10.15 km of informal trails mapped 

during the summer of 2011, ranging from 1.28 km in Cook’s Meadow study boundaries to 

5.32 km in El Capitan Meadow study boundaries (Table 8). Identified informal trails were 

predominately classified in the stunted vegetation condition class based on total length (54-

63%). The some bare ground condition class constituted the next highest proportion of 

informal trail lengths in El Capitan and Cook’s, however the barren condition class was the 

second most prominent in Leidig Meadow (24.8%). While the three study areas were of 

varying size, standardized measures indicate El Capitan had the great extent (52.2%) and 

highest density (289.02 m/ha) of informal trails. Although larger than El Capitan study area 

by nearly 1.4 ha, only 27.9% of the Leidig study area was impacted by informal trails with a 

trail density of 179.24 m/ha.  

 

Table 8 Description of informal trail characteristics in Cook's, El Capitan and Leidig Meadows  

 Study 

Area 

Size 

(m
2
) 

Total 

Trail 

Length 

(m) 

Total 

Trail 

Extent 

(m
2
) 

Prop. 

Study 

Area 

Trailed 

(%) 

Trail 

Density 

(m/ha) 

Stunted 

Vegetation 

(%) 

Some 

Bare 

Ground 

(%) 

Barren 

(%) 

Cook’s  104,856 1,281.38 21,965.55 20.9 122.17 63.1 28.6 8.3 

El 

Capitan 

184,091 5,320.65 96,107.86 52.2 289.02 54.0 36.0 10.0 

Leidig  198,071 3,550.16 55,239.38 27.9 179.24 58.1 17.1 24.8 
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Characteristics of Visitor Use  

A total of 1,577 individuals were observed during the sampling periods across the 

three study areas (Table 9). Visitors use was typically highest during the afternoon sampling 

periods (i.e., 12– 4 p.m.), a slight majority were male (53.9%), and visitors were more likely 

to be engaged in active activities like walking or biking (54.8%). However, when analyzing 

the three study areas separately, over two-thirds of the visitors observed in El Capitan were 

participating in stationary activities like sitting or photography (64.6%) and percentage of 

visitor use was higher in the evening period (i.e., 4 – 8 p.m.) in Leidig.   

 

Table 9 Observed visitor use percentages by meadow   

 Total 

Use 

Counts 

Morning 

Use (%) 

Afternoon 

Use (%) 

Evening 

Use (%) 

 Male 

(%) 

 Female 

(%) 

Stationary 

Activities 

(%) 

Active 

Activities 

(%) 

Cook’s 579 26.6 47.1 26.3 52.5 47.5 44.4 55.6 

El 

Capitan 

405 20.0 56.5 23.5 59.5 40.5 64.6 35.4 

Leidig 593 19.7 34.2 46.1 51.4 48.6 32.6 67.4 

Overall 

Use 

1577 22.3 44.7 33.0 53.9 46.1 44.9 54.8 

 

Average nearest neighbor calculations indicated visitor use was highly concentrated 

and statistically significant at the 0.01 level for all three study areas (Table 10). The nearest 

neighbor ratios were equal for both Cook’s and Leidig at 0.24. El Capitan was slightly less 

clustered at 0.29, though still significantly significant, than the other two study areas. 

Additionally, Ripley’s K Function indicated visitor use clusters were statistically significant 

across multiple distances using a 99% confidence interval (Fig. 10). In Cook’s Meadow, 

spatial distributions of visitors were clustered and statistically significant up until the 90 m 

distance where the observed distribution (red line) crossed the expected distribution (blue 
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line). At 90 m, visitors were more dispersed than a random distribution would indicate, 

however the dispersal was not statistically significant, as the observed values did not fall 

below the confidence envelopes (dashed line). Visitor distribution in El Capitan was 

clustered and statistically significant across all distances, although becoming less clustered at 

greater distances. Leidig was the only study area where visitor dispersal was still 

substantially clustered as distance increased as noted by the difference between the final 

values between observed and expected values at approximately 85 m. 

 

Table 10 Nearest neighbor calculations for Cook’s, El Capitan and Leidig Meadows using visitor observation 

data  

 Cook’s El Capitan Leidig 

Observed mean distance 1.66 3.18 1.86 

Expected mean distance 6.98 11.09 7.71 

Nearest Neighbor Ratio 0.24 0.29 0.24 

z-score -35.00 -27.46 -35.34 

p-value 0.00 0.00 0.00 

 

In Cook’s and Leidig meadows, much of the visitor clustering may be attributed to 

the formal trail systems in and around the study areas. As much as 68% and 64% of visitor 

use in Cook’s and Leidig, respectively, occurred within 5 m of the formal trail. The 

percentage increased to 83% and 69%, respectively, within 10 m of the formal trail. 
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Figure 10 Statistically significant visitor clustering at varying distances in the study meadows as indicated by 

the Ripley K-function: Cook’s Meadow (top), El Capitan Meadow (middle), Leidig Meadow (bottom).  
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In El Capitan Meadow, visitor use was clustered near the road forming the northern 

edge of the meadow. However, because the quantitative measures of visitor clustering do not 

graphically indicate where visitor clustering occurred, KDE provided a visual representation 

of intense visitor use areas. Values for the KDE are provided but are not standardized across 

study areas as the meaning of the density value would be lost (Ostermann 2010) (Fig. 11). 

Cook’s and Leidig meadows show high intensity along the formal trial system, though some 

informal trails receive moderate levels of use. In El Capitan Meadow, visitor use was 

clustered near the road forming the northern boundary formed by the road, as well as several 

informal trails penetrating south into the meadow and along the river to the east and south.  

 

Spatial Association between Informal Trails and Visitor Use 

Informal trail and visitor use data from the El Capitan study area were analyzed to 

examine the spatial association between the two data sets. The decision to exclude data from 

the Cook’s and Leidig meadows was due to the presence of formal trails in those study areas. 

Visitors in the El Capitan study area were observed to be an average of 4.61 m away from the 

closest informal trail segment with a standard deviation of 7.53 m. Although the variable was 

calculated based on distance visitor was observed from informal trail, in many cases, the 

distance was minimal enough to suggest on-trail use. A Kolmogorov-Smirnov test, which 

compared the distribution of the data to a normal distribution, indicated the distance visitors 

were observed from trails was not normally distributed, but rather strongly skewed right with 

most visitor use within 5 m of an informal trail. Figure 12 illustrates the percent of use by 

distance from informal trail for each condition class.   
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Figure 11 Kernel density estimate of visitor intensity: Cook's Meadow (top), El Capitan Meadow (middle) 

and Leidig Meadow (bottom) 
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Figure 12 Percent of visitor use from informal trails by trail condition class for El Capitan Meadow 

 

A one-way ANOVA using the log transformed distance measure found no 

statistically significant relationship between trail condition classifications and the distance 

visitors were observed from trails (Table 11). However, an independent samples t-test 

indicated a statistically significant difference in the distance visitors were observed from 

informal trails between two visitor activity categories, active and stationary (Table 12). 

Stationary activities had a mean distance of 5.52 m from informal trails with a standard 

deviation of 8.29 m. Active activities were found to be much closer to informal trails and 

concentrated, with a mean distance of 2.40 m with a standard deviation of 2.63 m.  
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Table 11 ANOVA results comparing trail condition class and log transformed distance from trail for El Capitan 

Meadow 

 Sum of 

Squares 

df Mean Square F Sig. 

Between Trail Condition 

Classes 

0.806 2 0.403 1.145 0.319 

Within Trail Condition 

Classes 

141.036 401 0.352   

Total 141.842 403    

 

 

Table 12 T-test results comparing activity category and log transformed distance from trail data for El Capitan 

Meadow 

 t-test for Equality of Means 

t df Sig. (2-

tailed) 

Mean Difference 

Log 

Transformed 

Distance from 

Informal Trail 

Equal variances 

not assumed 

5.279 325.669 .000 0.30583 

 

 

The patch analysis documented a total of 57 patches in the El Capitan study area. The 

average patch size was 2,285.26 m
2
, but ranged in size from 0.03 m

2
 to 57,893.40 m

2
.  A 

total of 98 buffered visitor points fell completely within the boundaries of seven patches. Due 

to the low number of data points and the non-normal distribution of patch size, Spearman’s 

rank correlation was used and no statistically significant relationship was found between the 

transformed patch size and visitor density (r = -.429, sig = .337, n=7). If the margin of error 

buffer was removed, however, a total of 375 points in 19 patches could be used for analysis. 

The resulting Pearson correlation was statistically significant and the 0.01 level and indicated 

a negative association between patch size and visitor density [r=-.640, p =.003, n=19] 
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Discussion and Management Implications  

Spatial data on informal trails and visitor distribution within protected areas can help 

managers identify the extent and condition of existing impacts and focus on locations 

potentially threatened by intense visitor use. With regards to informal trail extent and density 

across the three study areas, the El Capitan study area was most affected. Compared to 

similar informal trail analysis conducted by Leung and others (2011b), informal trail impacts 

in El Capitan Meadow increased over the last three years. The data were analyzed using the 

same protocols and found total extent of informal trails increased by nearly 20% from 2008 

to 2011. When compared to Cook’s and Leidig study areas, informal trail distribution may be 

greater in El Capitan due to the absence of formalized trails. This may support the 

effectiveness of containment strategies in Cook’s and Leidig.  

Visitor use was also highly clustered in all meadows suggesting specific locations or 

routes were popular visitor attractions or thoroughfares. This is consistent with past research 

suggesting visitor use is often spatially clustered in natural areas (Hadwen and others 2007; 

Orellana and others 2012). Based on a visual assessment of clustering using KDE, major 

areas of visitor use in Cook’s and Leidig occurred on or near formal trails. Similar to Foin 

and others (1977) assumed visitor motivations could be related to objectives outside of 

Cook’s and Leidig with visitors passing through the meadows on established routes. El 

Capitan Meadow again diverged from patterns observed in Cook’s and Leidig with more 

stationary visitor activity observed suggesting potential divergence in visitor motivations.  

The statistically significant difference between activity types and distance from 

informal trails does correspond to past research suggesting activity choice and visitor 
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motivations can dictate informal trail behavior (Wimpey and Marion 2011). Stationary 

activities were more likely to be further away from trails and dispersed throughout the 

meadow. This may help explain the greater impact associated with informal trails in El 

Capitan meadow as the visitor activity was observed to be predominately stationary unlike 

the other study areas. It was surprising, however, that there was no statistically significant 

difference between visitor’s distance from the informal trail and trail condition class in light 

of the other motivations for informal trail behavior as suggested by past research (Bayfield 

1973; Bryan 1977; Wimpey and Marion 2011). Trail conditions in El Capitan may not have 

varied enough in condition to influence visitor behavior. Inclusion of soil moisture or depth 

of rutting variables may be able to detect finer-level assessments if condition variation is 

significant enough to influence visitor trail behavior.   

Foin and others (1977) concluded that although trails formed quickly, users primarily 

restricted their movements to a few trails within the meadow. The KDE for the three study 

areas also supports Foin and others (1977) findings that the majority of visitors relegated 

their use to a few paths throughout the meadow. In Cook’s and Leidig especially, when 

visitors left formal trail corridors, observed use was confined to relatively few informal trails. 

However, the same conclusion may not apply to El Capitan as use was concentrated along 

the northern portion of the meadow near the roadside parking. However, for visitors 

penetrating further south into the meadow, the choice of informal trails did diminish to the 

trail along the eastern and southern boundary. It is still important to note, however, that 

longitudinal trends indicate increasing informal trail proliferation in the study meadows 

(Leung and others 2011b). Visitors may be confined to a few trails given the number 
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available, but with increasing use the existing trails may encourage additional visitor use due 

to easy recognition and limited vegetation hindering movement (Helbin and others 1997; 

Wilson and Agnew 1992).  

The negative correlation between patch size and visitor density when the margin of 

error buffer was removed indicated visitor density was greater on small patches. The 

relationship between patch size and visitor trampling, however, is not independent of 

ecological conditions. Smaller patches are already stressed ecologically, which may 

accelerate and exacerbate the degradation process (Leung and others 2011a). This 

relationship is still subject to interpretation given the lack of statistical significance when 

using the buffered visitor points to account for the margin of error. With regards to patch-

related indicators, managers could track visitor densities to establish which patches are at 

greater risk for further fragmentation due to high visitor densities, thereby increasing 

empirical support for the patch size indicator and the related standards. More active site 

management or restoration efforts may be warranted for small patches exhibiting high 

informal trail and visitor densities.  

  Spatial visitor data itself can provide management with a snapshot of where visitor 

use is occurring and at what intensities. Integrating analysis with other variables can help 

explain relationships and also direct the type and degree of management efforts. Establishing 

management strategies and techniques based on ecological conditions may not fully address 

visitor-related impacts (Wood and others 2006), as evidenced in this study by the lack of a 

statistically significant difference between informal trail condition class and visitor use 

patterns. Instead, activity was a greater influence on visitor distribution. Without taking into 
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consideration the differences in activities between areas of concern, confinement strategies 

like boardwalks may be less effective than planned. Signage informing visitors of their 

impacts could also be tailored to the different visitor distribution patterns based on prominent 

area activities. A raised viewing platform and active site restoration may be an appropriate 

compromise in areas of clustered stationary activity. In the case of El Capitan Meadow, a 

viewing platform would allow visitors to watch climbers without trampling or impeding the 

underlying vegetation.  

Overall, the modified behavior mapping method was a cost effective and reasonably 

accurate method for obtaining spatial visitor use data. The method also allows trained 

volunteers to collect longitudinal data, thereby reduce time pressures on staff, offering an 

opportunity to engage community partners and enhancing existing monitoring programs. 

Long-term volunteers currently collect data on paper maps to support ongoing behavior 

mapping efforts in YNP. These data will allow for analysis of seasonal variations in visitor 

use. It should be noted that some work was required prior to data collection to create the 

georeferenced base maps for the behavior mapping method and the paper maps required 

basic GIS skills to digitize the data. However, the time to digitize the data may be less than 

time required to complete track correction with visitor-carried GPS units and image 

processing and digitizing required in photo or video monitoring methods.  

  

Limitations and Conclusions 

This research sought to collect and integrate two data types, specifically visitor use 

and informal trails in three Yosemite Valley meadows. Field surveys of informal trails can 
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provide detailed and geographically referenced data, but it is the nature of informal trails to 

proliferate and appear in new locations effectively limiting the validity of such maps over 

time. Advancements in remote sensing technology may help reduce the amount of time 

required to collect such data. Additionally, the use of human observers to collect visitor use 

data incorporated a measure of error greater than the sub-meter accuracy associated with the 

informal trail census mapping. While the margin of error was measured to be 11.32 m in this 

study and is consistent with recreational grade GPS units, the error is but an average from 22 

points.  

Future behavior mapping may find it feasible to subdivide the open landscape using 

pin flags or easily identifiable landforms to reduce the area under observation and increase 

observer accuracy.  Interobserver reliability may also be increased with smaller target areas, 

placing observers closer to visitor use and potentially minimizing the difference between 

observer scan rates. A study employing visitor-carried GPS to track visitor use in open 

landscapes may be able to validate the modified behavior mapping method both in terms of 

accuracy and overall distribution patterns. Visitor-carried GPS would also address locations 

where obstructed views limited the effectiveness of the observational method. Time-lapse 

photography and subsequent raster-based grid analysis could also complement observation 

sessions by either comparing use patterns or capturing data when observation is not possible.  

The modified behavior mapping in this study was not designed to translate to overall 

use counts, however a more rigorous sampling schedule could produce estimates of 

visitation, which in turn could be analyzed in conjunction with transportation schedules or 

overall visitation numbers. The nominal nature of both the informal trail and visitor use data 
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also limited available spatial analysis. The literature on spatial statistics is abundant with 

regards to ecological data or human movement pattern, however less has been published on 

testing for spatial autocorrelation of categorical data (Leslie and Kronenfeld 2011). Future 

spatial analysis could employ more sophisticated spatial statistics using other software 

packages or by calculating numeric indices based on ecological data or visitor densities for 

designated areas.  

This study only examined the association between visitor use and informal trails, 

however other variables influence both visitor use and resource conditions and should be 

considered for future analysis. In addition to informal trail conditions mapped in each study 

area, YNP park staff also longitudinally map areas of disturbed vegetation and assign similar 

condition classes. Future analysis could incorporate the disturbed area data layers to examine 

the relationship between large areas of disturbed vegetation and visitor use patterns. 

Similarly, future research could also incorporate landform, hydrology, and vegetation 

variables to explore additional relationships.  

Visitor use patterns and biophysical data integration can play an important role in 

understanding resource impacts as well as designing management strategies supported by 

data integration. The resulting graphics produced from visitor use clusters and informal trail 

patterns can serve as quick illustrations to help managers focus resources and determine 

levels of management needed. Data integration can help guide site design or restoration plans 

as well as empirically support longitudinal indicator-based management and serve as a means 

to assess management effectiveness. As interest and visitation to parks and protected areas 

remains high, comprehensive yet time efficient visitor use distribution data enable managers 
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to leverage other complementary data collected as part of long-term impact monitoring 

programs can support and promote successful resource and visitor experience management.   
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CHAPTER 4 

 

General Conclusions 

 

Visitor related impacts within parks and protected areas have often served as the 

catalyst for many studies in recreation ecology (Hammitt & Cole, 1998) and recreation social 

science (Manning, 2011). Many methods and strategies for documenting and mitigating 

visitor-related impacts have resulted from such studies highlighting the evolving and difficult 

management issue associated with visitor use. Informal trails are one example of an impact 

associated with visitor use shown to have negative ecological and social consequences. 

Increasing managerial concern regarding such consequences has led to the inclusion of 

informal trails within indicator-based management frameworks.  

The objective of this study was to enrich park and protected area monitoring 

programs by (1) developing an accessible, replicable and reasonably accurate method to 

characterize and spatially document visitor use in open landscapes and (2) integrating visitor 

use with informal trail data to examine their spatial association. Many studies have examined 

the relationship between trampling forces and path formation, but fewer have examined how 

visitor use relates to existing informal trails. By examining the association between visitor 

use patterns and the presence and condition of informal trails, managers can formulate site 

and visitor management strategies based on the nature and degree of use. This empirical 

evidence supports conceptual models examining the relationship between ecological and 

anthropogenic variables and trail degradation (Leung & Marion, 1996).  
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The modified behavior mapping method was conducive to open landscapes and found 

to be reasonably accurate in its implementation in Yosemite Valley meadows. Costs were 

low when using the paper based tool, though time was required to digitize the data. A tablet 

computer reduced the time required to process the raw data, but did incur additional costs. As 

a way to engage community partners in the management of public lands, as well as provide 

an avenue for the park to obtain data without investing many hours of valuable staff time, 

volunteers were trained to collect visitor use data on paper maps. Using a set training 

protocol and manual to promote consistency of method application (Appendix A), volunteers 

support ongoing data efforts in two of the three study meadows (i.e., El Capitan Meadow and 

Leidig Meadow).  

While the margin of error for observed visitor locations had not been calculated for 

volunteer observers, the data used in this study were close to the measured error of 

recreational-grade global positioning system (GPS) units (Wing, Eklund, & Kellog, 2005). 

The level of accuracy was sufficient for data analysis purposes in this study, though future 

implementations of the method should seek to increase accuracy by reducing study area size 

(i.e., subdividing into smaller areas), increasing the number of reference points within the 

study area and examining how factors like terrain and vegetation affect observer error. When 

possible, elevated observation locations may help reduce errors associated with visibility 

issues.  

Interobserver reliability was difficult to assess due to the busy nature of the study 

areas and scan rate differences. One observer may scan at a slightly different rate or take less 

time to judge distance and record attribute data, therefore scanning parts of the study area 
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prior to the second observer.  This allows for visitors to enter or reenter the scan zone 

affecting overall counts. Additionally, the low interobserver reliability rate for specific 

activities may be more related to visitors changing their activity frequently than observers 

coding the same activity differently Future research using this method should consider only 

using broad activity categories (i.e., active and stationary), smaller target areas, a larger 

sample size from which to calculate and potentially improve interobserver reliability. 

Additionally, having observers look to specific points at specific times to code visitor use 

may eliminate the possibility of error stemming from scanning rate differences.  

Visitor use data indicated statistically significant levels of clustering in all three study 

areas. Concentrated hot spots highlight locations for potential management attention. Kernel 

density estimations (KDE) graphically illustrated where clustering occurred and could be 

used by park management for management action decisions or site planning. At the very least 

it provides a quick snapshot of potential problem areas for resource impact or crowding. It 

was important to note, however, that two of the study areas had predominately active 

activities (i.e., walking, biking) occurring while the third study area was mostly stationary 

activities (i.e., photography, sitting).  

The nature of visitor activity may influence the types and severity of impacts and 

therefore needs to be taken in to consideration when making any site or management 

decisions. Boardwalks or formalized trails may not suit both with visitor motivations and 

resource protection goals in an area with predominately stationary activities. Instead, raised 

viewing platforms or fully fencing sensitive areas may be more appropriate depending on 

management objectives. The high percent of visitors observed on or near the formal trails in 
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the study meadows with such infrastructure does suggest the confinement strategy would be 

relatively effective. It may also have a relationship with the activity level given both study 

areas with formal trails had high proportions of visitors engaged in active activities.  

The high percentage of visitors observed on or near informal trails also suggests a 

large proportion of visitors prefer established trails. These findings empirically support past 

research suggesting visitors prefer existing pathways or those exhibiting high walkability 

(Helbing, Keltsch, Molnár, 1997) and that informal trails may serve as a releaser cue 

(Hockett, Clark, Leung, Marion, & Park, 2010). Management implications may point to 

formalizing promoting use of an existing informal trail while restoring other impacted areas 

to promote trail usage among visitors.   

When integrating the visitor use and informal trail data, no statistically significant 

differences were found between visitor distance from trail and trail condition class (p = 

0.319).  This was contrary to expectations given past research suggesting visitors avoid 

eroded or muddy trail tread (Bayfield, 1973). However, it is important to note that trail 

condition class was based on vegetation condition rather than soil moisture and while rutting 

was documented, it was not explicitly examined as a variable due to low sample size. Trail 

conditions in the study meadows may also have not degraded to a degree to influence visitor 

behavior. Future research including these variables to increase the range of conditions may 

find relationships with walking behavior. Also, given the margin of error, finer-scale analysis 

was not possible and could influence the spatial use and resource relationship. The difference 

in type of activity, however, and the distance visitors were observed from trails was 

statistically significant (p = 0.000). Stationary activities like photography or sitting were 
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observed a greater distance away from trails than active activities like walking or biking. 

This finding supports past research indicating a strong relationship between visitor 

motivations and trail use behavior (Helbing et al., 997; Hockett et al., 2010; Wimpey & 

Marion, 2011).  

To support current monitoring efforts at the study sites, meadow patches and visitor 

use were compared. Yosemite National Park currently calculates an index calculated from 

the five largest patches within a meadow as part of the meadow and informal trail-monitoring 

program (Leung et al., 2011).  Including visitor use densities along with patch size provides 

empirical support for management decisions regarding patch size and meadow degradation. 

When analyzing the non-buffered visitor use data, a negative correlation was found in this 

study between patch size and visitor use density. As patch size decreased, visitor use 

densities were found to increase. The patch analysis in this study did exclude any use 

occurring on trails, therefore suggesting increase visitor presence on intact patches of 

vegetation, putting smaller patches at risk for further fragmentation. Depending on the 

management standard, further fragmentation may be ecologically acceptable if aiming to 

maintain the size of the largest five patches. Social standards, however, may prohibit the 

further degradation of smaller patches effectively creating a large disturbed area.  

Overall, visitor use of the study area can be explained more by observable visitor 

motivations than ecological conditions. The formal trails in both Cook’s and Leidig meadows 

did support a majority of the usage in those meadows, though informal trails did persist to a 

smaller extent than in El Capitan. This may provide evidence indicating formal trails are 
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effective in landscapes with predominately active visitor activities. A visitor survey may shed 

light on actual motivations and reasons for traveling through or staying in a certain meadow.  

Much like the Yosemite meadow study by Foin et al. (1977), visitor motivations may 

be related to objectives outside of the meadow boundary in Cook’s and Leidig meadows (i.e., 

accessing the beach, traveling through to another destination).  In El Capitan meadow, 

however, visitors appeared to spend more time viewing the meadow and watching climbers 

on the granite monolith, El Capitan. Amount of time visitors spent in the meadow, however, 

was not empirically documented as part of this study. Different assumed motivations may 

indicate a need for different confinement strategies than exist in meadows where visitors are 

more active. Caution should be exercised in El Capitan when determining whether a 

formalized trail would be an effective strategy.   

The ability to use volunteers to collect data not only reduces strain on agency budgets 

and staff time, but also allows for an opportunity to engage community partners. In popular 

parks and protected areas scientifically grounded and empirically documented data informing 

and supporting public land management plans are essential. Continued volunteer 

involvement should assess methods to further increase accuracy of visitor use data. 

Additional sampling sessions, made possible through the use of many volunteers, could also 

provide the ability to extrapolate use levels to overall visitor use numbers, mitigate spatial 

inaccuracies and support predictive modeling to further increase the value of visitor use and 

biophysical data integration.  

The findings from this study contribute to robust monitoring programs and 

transparent management strategies. Robust monitoring programs are essential to protecting 
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resources (Lovett et al., 2007) and transparent management strategies may help visitors 

understand and effectively comply with implemented strategies. Spatial data on visitor use 

and biophysical variables can indicate areas requiring management attention as well as 

support overall monitoring programs to the public.  

The relationship between conservation, park objectives and visitation are intertwined 

and interdependent. Parks may conserve the very biodiversity needed to support diverse 

ecosystems, of which humans are a part, but they exist in a world where visitation can equate 

to political power and funding for conservation efforts (Buckley, 2009). Visitors are heading 

to natural areas for the very resources they impact. Buckley (2009) argues conservation 

decisions are political rather than economic and visitors play an influential role. In a reality 

of tightening land management budgets, encroaching development and global climate 

change, conservation of and visitation to protected areas depend on innovative methods to 

sustainably monitor resources and encourage visitation for continued and future success. 
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APPENDIX A 

 

Visitor Observation Procedures Guidelines 

 
Supplies 

 GIS Software (ESRI ArcGIS 10) 

 Base maps Data collection forms 

 Pencils or Pens (black ink) 

 Stopwatch/Timer 

 Clipboard 

 Binder Clips 

 Binoculars 

 Compass 

 Dice (six-sided) 

 Camera 

 GPS unit (Garmin CS60x)  

 Pin Flags (optional) 

 Laser Range Finder (optional) 

 

Base Maps 

Data layers needed 

 Raster aerial of study area – Scale should be representative of the study area size (e.g., 1:4,000m). Use 

natural features to delineate study area, if possible. GPS waypoints identified on the base map and 

corresponding marker flags may be used in place of natural features.  

 Source: Government (state/federal) GIS directory, Google Earth, Bing Maps, ESRI, university 

library 

 Informal Trails: 

 Source: Data may need to be created using a mapping-grade GPS unit and following informal 

trail identification and mapping techniques described in Appendix B 

 Hydrology: 

 Source: Government (state/federal) GIS directory, park resources, university library  

 Roads: 

 Sources: Government GIS directory (state/federal), park resources 

 Reference Points –Point data of natural features (e.g., unique trees/vegetation) or objects (e.g., 

permanent picnic table, bridge) within the study area to aid observations.  

 Source: Point data will need to be mapped prior to observation. Using a GPS unit, take a 

waypoint at each reference point within the study area. Also take a photograph (and waypoint 

to identify from where photo was taken) of each reference point.  

 Reference point identification recommendations: 

 Use features likely to remain in the same location during the course of 

observations 

 Identify reference points from around the study area to ensure a dispersed 

representation  

 If necessary, marker flags may be placed in areas with no natural or built 

features to aid observations 

 Observation Points: Point data of two locations within the study area from which the observer will 

stand to conduct observations. If the study area is large or has multiple sections that are not visible 

from observation points 1 or 2, a third location may be necessary.  

 Source: Observation points will need to be mapped prior to observation. Using a GPS unit, 

take a waypoint (and photography) of each observation point within the study area. 
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Depending on the size and topography, two to three observation points from different 

locations in the study area are recommended.  

 Observation point identification recommendations: 

 Select locations that allow observers to see all, if not a majority, of the 

study area. Elevated points are ideal if available.  

 Observation locations should be near enough to the majority of visitor use 

but unobtrusive enough so as to not influence visitor behavior.  

 Select observation points from different locations (e.g., NW corner, SE 

corner, interior) within, or very near, the boundaries of the study area.  

 Optional: parking lots, campgrounds, bus stops  

 

Constructing Base Maps 

1. In ArcCatalog ensure all layers have the same projection defined (e.g., NAD_1983_UTM_Zone_11N).  

2. Using ArcMap, construct the base map by adding layers described above.  

3. Adjust the transparency of the aerial image (e.g., 25%).  

4. Adjust layer symbology for quick recognition of observation locations and noticeable differences 

between trails, roads, hydrology, and other optional line data layers (e.g., informal trail line width 2pt, 

formal trail dashed line, road line width 1pt, hydrology line width .5pt).  Color maps will further 

differentiate layers, especially polygon data.  

 Maps should also include: 

 Title (study area name)  

 Legend  

 Scale bar (100 – 500 feet recommended) 

 North arrow 

  Area to record date, observation start and end time, observer name and location, and informal 

trail condition  

5. Print base maps in color or observations using paper maps  

 

Constructing Base Maps for Portable Electronic Devices 

If maps are to be loaded on a portable device (i.e., tablet computer) and data collected using ArcPad: 

1. From the base map constructed in ArcMap, export all layers to ArcPad package (.apd). An .apd file 

houses all map data in one file for easy loading into ArcPad. The ArcPad export option is available in 

ArcMap by right-clicking in empty toolbar space and selecting ArcPad (ArcPad Data Manager in 

ArcGIS 10). ArcPad must be installed on the computer for this option to be available.  

a. Troubleshooting tip: If the aerial image will not import into ArcPad, save aerial image as jpg 

in ArcMap and click “Write Word File” during the save process. The word file will contain 

the georeferenced information.  

2. Constructing data collection forms for ArcPad 

a. In ArcCatalog, create a blank shapefile to serve as a data collection form template. 

b. Define the projection.  

c. Open the shapefile in ArcMap and add necessary data fields to attribute table. Example fields 

below: 

i. FID: This field will serve as the identification number for each point 

ii. Gender: Text; Length = 6 

iii. Age_Catego: Text; Length = 15 
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iv. Activity: Text; Length = 15 

v. Comment: Text; Length = 50 

d. Close ArcMap and ArcCatalog 

e. In ArcPad Studio: 

i. Create new layer definition project 

ii. Form Wizard: 

1. Layout Tab: 

a. Caption:  BM_Template  

b. Size: VGA – 640x480 (since form will be used on tablet computer 

and not handheld device) 

2. Fields Tab: 

a. All fields should be checked so they are visible on the form 

3. Controls Tab: 

a. Check required fields (i.e., Gender, Age, Activity) 

b. Set List Values: 

i. Gender: Male, Female 

ii. Age_Catego: Adult (11+), Youth (0-10) 

iii. Activity: Sitting, Standing, Walking, Running, Biking, 

Sleeping, Eating, Photography, Other 

 

Observation Session Set-Up 

 

1. At least one observer is required per observation session. Two to three observers are ideal and allow 

for calculation of interobserver reliability if observing from the same location. Depending on the size 

of the study area, no more than three observers should be stationed at one observation point at a given 

time. If the study area has three observation points and the size of the study area allows for an 

unobtrusive observation from all three observation locations, a total of 9 observers may conduct 

observations at the same time in the same study area.   

2. Develop a sampling schedule to determine how many sessions during the week and how many sessions 

during the weekend are required.  

3. Depending on day and time available for observation, determine a study location based on unselected 

observation windows remaining in the sampling schedule   

4. Print enough base maps and data collection forms for the entire observation period. If using a tablet 

computer, copy data collection template created in ArcPad Studio and save using the naming 

convention described below. Remember to check the projection for the new files.   

a. Behavior mapping (2 hours): 6 maps and 6 corresponding data collection forms 

5. Arrive 15 minutes prior to the observation window to record contextual data on spreadsheet 

o Map Code: Label both the data collection spreadsheet and map (paper: upper left corner; 

tablet computer: file name) with matching map codes. Codes should be formatted 

MMDDYY-Scan Type-Scan Start Time-Observer Initials (BM=Behavior Mapping).  

 Ex: 071011-BM-820A-CWS 

o Date: Use MM/DD/YY format 

o Start time: Record the time of the first scan (e.g., 8:00 a.m., 2:00 p.m.). 

o End time: Wait until the mapping session is complete to mark the end time.  
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o Observation Location: Star symbols on the base map denote observation points. Observation 

points are numbered 1 to 3,  with 1 being the western (left margin) most point on the base 

map.  

2. Mentally divide the meadow into three regions (e.g., East to West). Select an informal trail of at least 

30 feet in each region and investigate the soil moisture condition by walking five steps (approximately 

10 feet) and create a mark on the data sheet under the appropriate condition class. Continue on the trail 

for a total of 15 steps, marking a condition class for every 5 steps taken. The data sheet should reflect 9 

total tick marks (3 per trail) when finished assessing the three selected trails. If the trail is inaccessible 

due to standing water, look ahead and estimate the condition class for the remaining distance(s).  

o Informal Trial Moisture Condition Classes: 

 Dry: Soil on trail is dry to the touch 

 Moist: Soil is damp to the touch but walking on trail does not produce footprints  

 Wet: Walking on trail results in footprints but no standing water present.  

 Saturated: Standing pools of water are visible on trail or trail is submerged  

3. Randomly select an observation point by rolling a dice. . Dice numbers 1 and 4 represent observation 

point 1; dice numbers 2 and 5 represent observation point 2; dice numbers 3 and 6 represent 

observation point 3. If the meadow only has two observation points, odd numbers represent 

observation point 1 and even numbers represent observation point 2.  

 

Data Collection 

 

1. Once a sampling session and observation location has been established, set stopwatch/timer to count 

down 20 minutes.  

2. On minute zero of the observation, start the timer and conduct first scan using the randomly selected 

method: 

 Scans occur every 20 minutes, with the first scan starting on minute 0 and the last scan 

starting on minute 100, resulting in 6 maps per observation period 

 Facing north, scan from left to right, stopping to document the first individual encountered: 

a. Location: Use consecutive numbers to document location on the map matching the 

data collected in the spreadsheet (i.e., number 3 on the map documents the location 

of the third individual encountered and corresponds to data collected for number 3 in 

the spreadsheet). If using ArcPad, an identification number is automatically assigned 

in the FID column of the attribute table.   

b. Gender: Circle M for Male and F for Female in the spreadsheet. Or, select Male or 

Female from the drop down menu in ArcPad.  

c. Age Category: Circle Y for Youth and A for Adult. Youth is defined as individual 

age zero to 10. Adult is an individual 11 and older.  

d. Activity: Select the appropriate activity categories outlined in the data collection form 

to describe what the individual is doing the moment you documented their location. 

Use the “other” category if the activity is not covered in the spreadsheet and make a 

note of their activity in the comments section.  

2. After documenting all variables for the individual, continue scanning the meadow from left to the right 

from the location the scan stopped, repeating the process for every individual encountered.  

3. Once the entire meadow has been scanned, document the end time of the scan on the data 

collection form.  
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4. Begin a new paper map or shapefile and corresponding data collection spreadsheet and repeat 

the process every 20 minutes until the conclusion of the behavior mapping observation period.  

5. FAQ: 

a. Individuals may be documented multiple times if they move back 

into the active scanning zone.  

b. If a new individual enters the meadow where the scan has already 

progressed beyond, do not include the new individual. 
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APPENDIX B 

 

Base Map for El Capitan Meadow 
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APPENDIX C 

 

Behavior Mapping Data Collection Form 
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APPENDIX D 

Extent and Condition of Informal Trails Monitoring Protocols
3
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

                                                 
3
 Excerpt from NPS (2010) Field Monitoring Guide: Visitor Use and Impacts Monitoring Program. 
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B.4 EXTENT AND CONDITION OF INFORMAL TRAILS 
 

B.4.1  BACKGROUND 
 
Informal trails (or visitor-created “social” trails) may be defined as discernible and 
continuous trail segments that were created by visitors and which do not follow a park’s 
formal trail system (Leung et al. 2002). Since informal trails are not planned or 
constructed they are usually poorly located with respect to terrain. These trails also 
receive very little or no maintenance. These factors substantially increase their potential 
for degradation in comparison to formal trails. The proliferation of informal trails may 
increase habitat fragmentation and can directly threaten sensitive habitats when crossed 
or accessed by unplanned trails (Tylser and Joghson 2004). From a social perspective, a 
web of informal trails creates a visually scarred landscape and may lead to safety and 
liability concerns. Due to their ecological and social significance, informal trails are a 
common indicator selected in different implementations of NPS’s VERP planning 
framework and Vital Signs monitoring program. 
 

Monitoring can provide timely information on the extent, distribution and condition of 
informal trail segments. The findings from data collection combined with established 
minimum acceptable conditions can serve as warning signs of resource degradation 
and habitat intrusion. In turn, such information can trigger management action. 
 

Most previous informal trail monitoring studies focused on their proliferation (number of 
places they occurred) throughout the park’s landscape. These studies did not include any 
added information about the trail. For example, trail length, width, or classification was 
not recorded. This approach made it difficult to assess the affect the trails may have on 
the resources. Fortunately, three main monitoring approaches have been developed 
specifically for informal trails. One approach is to include informal trails as part of an 
overall visitor impact study. In this type of study, the level of informal trail proliferation is 
assessed by tallying the occurrence of informal trail segments extending from formal trail 
networks or recreation sites (Marion 1994; Leung et al. 2002). Another approach is to 
inventory and map the entire informal trail network of a park or selected portions of a park 
(Cole et al. 1997; Leung et al. 2002). Yet another approach, used to enable temporal 
evaluation and used in a few studies, is to actually monitor informal trail networks more 
than one time (YOSE 2005). Condition-class ratings and assessments were incorporated 
into most of the studies using these approaches. 
 

Due to the extensive nature of some informal trail networks, the efficiency of field 
assessments is a particular concern. The advent of geospatial techniques seems to 
provide potential solutions to this challenge. Major developments are currently occurring 
with the rapid advancements of geospatial technologies, such as geographic information 
systems (GIS), global positioning system (GPS), remotely sensing and the digital spatial 
data. These technologies are particularly relevant to informal trail monitoring due to their 
dispersed spatial distribution. In 2004, Witztum and Stow demonstrated the utility of multi-
spectral imagery and digital image processing techniques in extracting informal trails in a 
coastal sage scrub community. 
 

This field protocol presents the data requirements and data collection procedures for 
surveying the extent and condition of informal trails in selected sites in Yosemite Valley 
and Tuolumne Meadows, an indicator that was first implemented in 2004. The Visitor 
Use and Impact Monitoring Program identified two zones to be monitored in Yosemite 
Valley, (2B) Discovery and (2C) Day Use. The meadows to be monitored in those zones 
are: Stoneman, Ahwahnee, Cooks, Sentinel, Woskey Pond, Leidig, El Capitan, and 
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Bridalveil. In 2005, the Visitor Use and Impact Monitoring Program added Tuolumne 
Meadows as an area of interest for informal trail monitoring. This was in part driven by 
the need to collect baseline data to be used in conjunction with the Tuolumne Meadows 
Concept Plan. Thus, in 2005, mapping began in the main sections of Tuolumne 
Meadow, north of Tioga Road. In 2006, monitoring included meadows on the South side 
of Tioga Road, and other areas encompassed by the Tuolumne Wild and Scenic 
corridor and the Tuolumne Concept Plan. In 2007, baseline data was further expanded 
with monitoring conducted in the high use areas between the Lyell and Dana forks of the 
Tuolumne River. 
 

The standards presented in the Visitor Use and Impact Monitoring Program are based on 
1990 data. It was decided that data on current conditions should be used as the basis for 
future monitoring. This methodology described will be used to determine current 
conditions and to monitor them in the future. The standards were revised to develop a 
more rigorous data set from which future monitoring efforts will be measured. 
 

Original methodology was refined and repeated in 2005 to confirm 2004 mapping results. 
Particular attention was placed on clarifying condition-class definitions. Resulting from 
workgroups in 2005 through 2007, it has been decided that the extent of informal trails (as 
represented by density of informal trails) is a more meaningful parameter than solely 
length of informal trails, because it is relative and allows for cross-meadow comparisons. 
In 2007, condition-classes will again be assigned to all mapped trails. However, “barely 
discernible trail” and “flattened vegetation” will be eliminated and the remaining condition 
classes will include stunted vegetation, some bare ground, barren and braided. Rutted and 
braided will also remain as condition-class attributes. Disturbed areas will be delineated as 
polygon shapes so that an integrated parameter of “density of disturbed area” can also be 
achieved. Otherwise, most methodologies will remain consistent with 2006 protocol. 
 

Description of Indicator and Standard 
 
This indicator monitors the proliferation and condition of informal trails in meadows and 

the resulting fragmentation of meadow habitat. Informal trail monitoring has been applied 

to both river corridors to identify trampling related impacts to Yosemite’s unique meadow 

habitat. 

 

Draft Standard: 
 

Two draft standards have been developed for the Tuolumne River Corridor. Standard 

development for the Merced River Corridor is ongoing. Fragmentation Standard: 

Meadows with informal trailing in the Tuolumne River Corridor will display fragmentation 

represented through a specific landscape index: the Largest Patches Index Five (LPI5) of 

no more than 92.84%. Decreasing percentages will indicate a increased degree of 

fragmentation 

 

Meadow Condition Standard: 
 

Trend data will demonstrate improvement of condition for recorded informal trails in meadows. 
 

Rationale for indicator: 
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Monitoring the extent and condition of informal trails in the meadow contributes to the 
protection and enhancement of many of the Outstandingly Remarkable Values of the 
Merced River Corridor. The biological Outstandingly Remarkable Value is represented 
through the following rationale: the extent and condition of informal trails is indicative of 
the contiguity and ecological health of meadows and wetland areas, and impacts to 
wildlife habitat, including special-status species. The cultural Outstandingly Remarkable 
Values is represented through the fact that archaeological sites and traditional gathering 
areas used by American Indian groups exist in some meadows, and could be affected by 
the proliferation and length of informal trails in meadows. The recreation Outstandingly 
Remarkable Value is represented through the belief that informal trails in meadows may 
affect visitor experience, as meadows are enjoyable areas in which to engage in a variety 
of recreational opportunities—including nature study, photography, etc. And lastly, but not 
finally, the scenic Outstandingly Remarkable Value is represented by the extent to which 
informal trails may impact the scenic interface of river, rock, meadow, and forest. 

 
Objectives 
 
To document the extent and condition of informal trails in meadows of Yosemite 
Valley and Tuolumne Meadows; to further establish baseline data on these impacts; 
and to compare results (where applicable) to data collected in 2004 through 2007. 
Results will be used to inform management decisions regarding protection of meadow 
health.  
 

B.4.2  SAMPLING DESIGN  
 
Rationale for sampling design: 
 

In 2004, a GPS inventory of informal trails in the meadows of Yosemite Valley was 
undertaken. Monitoring was repeated in 2005 to verify results and explore potential 
factors that could cause variation in collected data (e.g. monitoring post-deer rut, which 
potentially skewed results; weather variability influencing soil moisture and trailing 
patterns, etc.). In 2006, four Yosemite Valley meadows were chosen to be monitored: 
El Capitan, Cooks, Stoneman and Woskey. El Capitan, Cooks, and Stoneman 
meadows exhibited an increase in trail length between 2004 and 2005, so they were 
monitored to confirm trends in informal trail development. Woskey Pond was chosen 
randomly. In 2007, five meadows will be monitored: Stoneman, Leidig, Sentinel, 
Ahwahnee, and Bridalveil. Stoneman exhibited a slight increase in trail length so it will 
be monitored to confirm trends in informal trail development. Leidig was chosen using a 
random table. Sentinel, Ahwahnee and Bridalveil were selected since they were last 
monitored in 2005. 
 

In the future, meadows to be chosen will be based on those that exhibit trends towards 
informal trail increase, as well as, on a rotational schedule. These sampling methods 
should prove to be useful in capturing the range of long and short-term impacts caused 
by the many activities in these two very busy areas of the park. 
 

In Tuolumne Meadows, no data existed on informal trails until mapping was conducted in 

the main meadow area (north of Highway 120, east of Pothole Dome, and west of 

Lembert Dome) in 2005. In 2006, monitoring efforts focused on expanding this baseline 

data in high use areas to the east of the Highway 120 Bridge. In 2007, additional baseline 
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data will be collected in the high use areas between the Dana and Lyell forks of the 

Tuolumne River. This inventory of informal trails in the Tuolumne Meadows area is 

needed to create a baseline to which data from subsequent monitoring efforts can be 

compared. It will also be used in the Tuolumne Meadows Concept Plan planning efforts. 

Later, assessments may involve monitoring selected meadow areas via a sampling 

scheme similar to the one described above for Yosemite Valley. 
 

 
 
Site selection: 
In Yosemite Valley, five meadows will be monitored: Stoneman, Leidig, Sentinel, 

Ahwahnee, and Bridalveil. In Tuolumne Meadows, additional baseline data will be 

collected in the high use areas between the Dana and Lyell forks of the Tuolumne 

River. 
 

Sampling schedule: 
 

In Yosemite Valley, monitoring will be conducted over a four-week period, between mid-July and mid-
August (before the fall deer rut). In Tuolumne Meadows, monitoring will be conducted between 
September and October, weather and road conditions permitting. 
 

B.4.3  FIELD METHODS 

 
Preparation: 
 
Field personnel should be trained (see Training, below) and the following required 
tools and supplies should be acquired: 
 

 GPS 

 Clipboard and pencils 

 Notebook 

 Measuring tape 

 Copy of indicator protocol 

 Map of area of interest 

 Digital camera 

 Photo-documentation sheets (on waterproof paper)  

 Pin flags 

 Radio  

 Water  

 Lunch 

 
Data collection and measurement: 
Field technicians should travel to the meadow to be monitored, and turn on GPS, so that it can begin 
to acquire satellites. Follow “Field Instructions” for complete, step-by-step data dictionary procedures. 
 
Disturbed areas, regardless of size, should be entered as a polygon feature. Informal trail 
classifications should be entered into the GPS as a line feature. Additionally, the appropriate condition 
class and any subsequent features should be recorded for each trail segment. When choosing the 
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appropriate condition class, use the following list of characteristics and photo examples as a guide. 
See figure below (Figure B.4.1).
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Condition-Class: Stunted Vegetation 
 

Data Dictionary field: Line Feature 
 
Photo Examples: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Characteristics: 
 

 Distinct trail feature present 

 

 Trail boundary present 

 

 Moderate repeated human use evident 

 

 Trampled and matted vegetation 

 

 Noticeably impeded vegetation growth 
 

 
Figure B.4.1 Informal Trails Condition Class: Stunted Vegetation
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Condition-Class: Some Bare Ground 
 
Data Dictionary field: Line Feature 
 
Photo Examples: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

General Characteristics: 
 

 Distinct trail feature present 
 

 Trail boundary present and in some areas, distinct 
 

 Heavy repeated human use evident 
 

 Trampled and matted vegetation 
 

 Noticeably impeded vegetation growth 
 

 Some bare ground present in trail tread 
 

 
Figure B.4.2 Informal Trails Condition Class: Some Bare Ground 
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Condition-Class: Barren 
 
Data Dictionary Field: Line Feature 

 
Photo Examples: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Characteristics: 
 

 Distinct trail feature present 
 

 Trail boundary present and distinct in most areas 
 

 Extensive repeated human use evident 
 

 No vegetation present 
 

 Bare ground present in trail tread throughout 
 

 
Figure B.4.3 Informal Trails Condition Class: Barren 
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Informal Trail Feature: Disturbed Area 
 
Data Dictionary Field: Polygon Feature 
 
Photo Examples: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Characteristics: 
 

 Polygon-type shape 
 

 High use area 
 

 Must exhibit one of the following condition-classes: Stunted vegetation, some bare  

ground or barren 
 

 

Figure B.4.4 Informal Trails Feature: Disturbed Area 
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Informal Trail Features: Single Trail (with braided trail as an attribute) 
and Braided Segment 
 
Data Dictionary Field: Line Feature 

 
Photo Examples: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Characteristics: 
 

 Two or more adjacent trails (5 feet apart maximum)  

 Must be a minimum of 25 feet in length 

 Must exhibit one of the following condition-classes: Stunted Vegetation, Some Bare Ground 

and/or Barren 

 

 

Figure B.4.5 Informal Trails Feature: Braided Segment 
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Informal Trail Feature: Single Trail  

 
Attribute of the informal trail feature: Rutted 
 
Data Dictionary Field: Line Feature 

 
Photo Examples: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

General Characteristics: 
 

 Trail with depth greater than 6 inches 
 

 Must be a minimum of 25 feet in length 
 

 Must exhibit on of the following condition: Stunted Vegetation, Some Bare Ground and/or 
Barren 

 

 

Figure B.4.6 Informal Trails Feature: Single Trail
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General Mapping Plan: 

 
Using the field maps you brought with you, orientate yourself and make a plan for data collection. 

 

Informal Trails: 
 

1. If in the first or fifth year of data collection, map meadow boundary/area of study first. 
 

2. Next, map perimeter trails- placing pin flags at the beginning of side trails. 
 

3. Then, map the longest trails- again placing pin flags at the beginning of side trails. 
 

4. Next, map the side trails- removing the pin flag when you begin to map said trail. Additionally, 
if there is a sub-side trail, place pin flags at the beginning of said trail. 

 

5. Continue in this fashion until all main trails and side trails are mapped. 
 
 

Disturbed Areas: 
 

1. Map the trail leading to the disturbed area first. 
 

2. If a trail bisects a disturbed area, map the trail through the disturbed area. 
 

3. Either immediately resume to mapping the disturbed area, or mark it with a 

pin flag and return later. 
 

4. When walking the disturbed area boundary, always walk in the same direction 

and place a pin flag at the starting point- or at least take note of a distinguishing 

feature. 
 

5. Note: For large meadows, you may want to break it into segments. Mark the 

segments on the map with a pen and on the ground by using pin flags. 
 

6. Note: Use the map to keep track of the trails/disturbed areas you have mapped, 

by writing directly on the map. 

 

Mapping Protocol: 
 

Informal Trails: 
 

1. DO NOT MAP FORMAL TRAILS (i.e. the Valley Loop trail, and formal hiking trails in 
Tuolumne). 
 

2. Map the meadow boundary/area of study when it is in the first year of data collection 
(establishing a baseline) and then repeat every 5 years or if there has been a noticeable 
change in meadow boundary.Note: There is no need to GPS meadow edges that abut a road 
or formal trail. 

 

3. Map all informal trails, regardless of size/length. 
 

4. Map all informal trail classifications from beginning to end. 
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5. If a trail changes in classification (and/or in width) -*for at least 25 feet- end/store the feature 

and start a new one. 

 
6.  *Note: The trail classification (and/or width) must change for at least 25 ft., otherwise, keep 

the original classification/width. 

 
7. Make sure you collect at least one point at each bend/vertex in the trail, as well as, at the 

start and end of the trail. 

 
8. Map trails through disturbed areas and return later to map the disturbed area. 

 
9. Refer to “Mapping Plan” for supplemental instructions. 

 
Braided Trails: 

 For braided trails, first map the main trail and then map each braided segment. 
 

 To map the main trail, choose the feature “informal trail”. Enter classification, 
trail width, rutting depth, number of braids, braided complex width, braided total 
exposed ground, and any notes. 
 

 After mapping the main trail, map each braided segment. 
 

 Choose the feature “braided segment”. Enter classification, trail width, rutting 
depth, and any notes. 

 
Disturbed Areas: 
 

 A disturbed area is: A polygon-shaped high-use (typically a destination 
rather than a through route) as opposed to a trail. 
 

 Enter the condition-class for the disturbed area (stunted vegetation, some 
bare ground, or barren). 

 

 If the disturbed area is made up of more than one smaller disturbed area with different 
condition-classes, map these areas as separate polygons. 

 

 Map all disturbed areas, regardless of size. 

 

 You only need to collect points at the vertexes, not along the entire boundary line. 
 

 Refer to “Mapping Plan” for supplemental instructions.
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GPS Detailed Mapping Instructions: 
 

1. Turn on GPS 
 

2. Open TerraSync (double click) 
 

3. Create a new File (create a new file at the beginning of each day) 
 

a. Open the “Skyplot” (default) screen 
 

b. Select “Status”, from the drop-down menu.  

c. Select “Data” 

d. Hit “New” button 
 

e. Leave file type as Rover 
 

f. Use the keypad to name the new file 
 

i. Project name, meadow name, date mm/dd/yyyy data technician’s initials (For 
example: ucm bv 06/02/2008 mj) 

4. Use these abbreviations for meadow or study area  

a. AHW= Ahwahnee Meadow 

b. BV= Bridalveil Meadow 

c. CKA= Cook’s Meadow A  

d. CKB= Cook’s Meadow B 

e. CKC= Cook’s Meadow C  

f. EC= El Capitan Meadow  

g. LD= Leidig Meadow 

h. SENA= Sentinel Meadow A 

i. SENB= Sentinel Meadow B 

j. SLHA=Slaughterhouse Meadow A  

k. SLHB= Slaughterhouse Meadow B  

l. STNA= Stoneman Meadow A 

m. STNB= Stoneman Meadow B 

5. Choose the appropriate data dictionary 

a. Informal Trails (use this data dictionary for both YV and TM) 

6. Log features 

a. Once the file and data dictionary are open, Hit “Create”. 

i. Select the appropriate feature 

1. Informal Trail 
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2. Disturbed Area 

3. Braided Segment 

ii. Select the appropriate classification 

1. Stunted Vegetation 

2. Some Bare Ground 

3. Barren 

iii. Select the appropriate trail width (in 6inch increments) 

iv. Select the appropriate rutting depth (in 6 inch increments) 

v. Select the number of braids 

vi. Select the braided complex width 

vii. Select the total exposed ground of the braided width  

viii. Enter any notes necessary. 

ix. Hit “Log” 

7. Walk the feature, making sure the GPS is collecting points at least every 10m and at all 

vertexes. If not, you must wait until the point is collected. 

a. The GPS unit will beep and the point-count (in the upper right hand corner) will 

increase. 

8. Note: If satellite coverage is sparse, and it is taking a long time to get points, you can start 
logging and then enter the feature fields as you are waiting in between points. 

 
Editing GPS Data 
 

1. Open Terra Sync. 
 

2. Select and open the main file. 
 

3. From the first tier, upper-left, drop-down menu, select “Data”. 
 

4. From the second tier, upper-left, drop-down menu, select “update features”. 
 

5. A list of all the features associated with the file will appear. Highlight and select (click once) 
the feature to be edited. 

 

6. Click on the “begin” button. 
 

7. When you have finished editing attributes, click “ok”. 
 

8. The list of features will again appear. Either edit more features, or click on the “update” button 
(on the top left). 
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9. To resume collecting data, select “collect” 

 
Deleting GPS Data 
 

1. Open Terra Sync. 

 
2. Select and open the main file. 
3. From the first tier, upper-left, drop-down menu, select “Data”. 

 
4. From the second tier, upper-left, drop-down menu, select “update features”. 

 
5. A list of all the features associated with the file will appear. Highlight and select (click once) 

the feature to be deleted. 
 

6. Click on the “options” button. 

 
7. Select “delete”. 

 
8. When you have finished deleting attributes, click “ok”. 

 
9. The list of features will again appear. Either delete more features, or click on the “update” 

button (on the top left). 
 

10. To resume collecting data, select “collect” 

 
Data Dictionary Fields 
 

1. Feature Type (Required) 
 

a. Informal Trail 
 

b. Disturbed Area 

 
c. Braided Segment 

 
d. Point Generic 

 
e. Line Generic 

  
f. Area Generic 

 
2. Classification (Required) 

 
a. Stunted Vegetation  

 
b. Some Bare Ground  

 
c. Barren 

 
3. Trail Width (Required) 
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a. From the drop-down menu, choose the trail width (to the nearest 6 inches) 

 
4. Rutting Depth (optional) 

 
5. From the drop-down menu, choose the rutting depth (to the nearest 6 inches). Braids, 

number of (optional, but required if the trail is braided) 

 
a. From the drop-down menu, choose the number of trails in the braided complex (this 

includes 
 

6. BraidComplxWidth (optional, but required if it is a braided trail) 
a. From the drop-down menu, choose the braided complex width (to the nearest 6 

inches). 
 

b. Note: the braided complex is the set of braided trails. The braided complex width is 
the width of the complex from one side to the other. 

 

7. BraidTotTrldGrnd (optional, but required if it is a braided trail) 
 

a. From the drop-down menu, choose the total width of trailed ground within the braided 
complex. 
 

b. To calculate the “braided total trailed ground” add the width of each braided segment 
trail. 

 
Post-collection and processing: 

 

Each day following field work, technicians will return to the Vegetation and Restoration office to 
download the GPS (see “Downloading GPS” instructions), download photos, update photo- 
documentation and time spent records, and charge camera batteries. 

 
End of season procedures: 
 

Following completion field work, data will be managed properly (see Data Management section), and 
a report will be compiled. 

 

 

B.4.4  DATA MANAGEMENT 
 
Data entry: 
 
GPS data will be downloaded at the end of each day. No later than one week after downloading, GPS 
files will be differentially corrected. Corrected files will then be exported and converted to GIS 
shapefiles. The shapefiles will then be used to create maps and for analyzing purposes. 
 
Photos shall be downloaded and labeled following the photo documentation protocol as outlined in 
the “ThumbsPlus Step-By-Step User’s Guide. Photos will be stored following the “Photo Library File 
Structure Organizational Chart”. All photos shall follow the “Standard Operating Procedures for 
Assigning Image File Names”. The brief description, as part of the file name, should include the 
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meadow name and the condition-class. (e.g. YOSE- LeidigMeadowBarren-20070721.tif). Keywords 
and notes should also be assigned to all photos. 
 
Time spent will be entered into the “time spent” word file, with a description of the work completed 
that day.
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