
ABSTRACT 

CONLON, KATHARINE EVA. Investigating the Relationship between Trail Conditions and 

Visitor Behavior Using the Camera Trap Method. (Under the direction of Dr. Yu-Fai Leung, 

Dr. Roger Moore, and Dr. Roland Kays). 

 

Trails are the fundamental recreation infrastructure in most protected areas. To 

sustain trail conditions and develop effective visitor management strategies, managers need 

to understand the character of visitor use and how it is linked to different trail conditions. The 

purpose of this study was to contribute to this understanding by integrating trail assessment 

data with visitor data extracted from a camera-based wildlife-monitoring program. The first 

objective was to determine if individual visitor behavior varied across trail and social 

conditions based on physical measurements and image-capture observations. The second 

objective was to examine the relationship between trail conditions and visitor behavior on a 

group level. Data were obtained from eight camera locations on five trails in the Uwharrie 

National Forest, North Carolina. Cameras were set out in the area for three weeks at eight 

different sites from May to July 2013. The point sampling and problem assessment methods 

were used to assess trail conditions around each camera location. Trail use and visitor 

behavior data were extracted from photos obtained from the eMammal Project, a camera-trap 

monitoring program conducted by the North Carolina Museum of Natural Sciences. People 

in photos were coded for gender, group size, age, activity, behavior, and the presence of 

dogs. During the study period, there were 2,187 people observed with a nearly even sex ratio 

(54% male). There were 707 groups observed with an average group size of 3.1. The 

majority of visitors (99%) were participating in horseback riding. In addition, 66.1% of users 

were using the main trail, while 12.5% were completely off trail. Three cameras were placed 

in a situation where a secondary trail paralleled the primary trail, and almost 40% of visitors 



used this secondary trail. Crosstabulations revealed that higher levels of muddiness were 

associated with a greater tendency of individual off trail behavior.  In addition, there was a 

significant relationship between age and the behavior of the visitor. Also, multinomial 

logistic analysis was used to determine the highest quality model for predicting on trail 

behavior, and the model with all independent variables (e.g., muddiness level, erosion level, 

tread width, maximum incision, and group size) was the highest quality model. Poisson 

regression models were run on horseback rider groups to evaluate the relationship between 

trail conditions and horseback riding behavior at the group level. Results further indicated 

that when the trail had higher levels of muddiness or erosion, more members in a group 

wandered off trail. In addition, the wider the trail the higher number of people in a group 

tended to stay on trail. Separate Poisson regression models were run to evaluate the 

robustness of the overall findings on four sub-groups -- small groups, large groups, family 

groups, and adult groups. The results revealed no differences in trail behavior between the 

different sub-groups for all four trail condition variables. The results of this study show the 

value of extracting visitor data from camera trap programs, and that trail conditions could 

influence individual behavior. In addition, this study provides managers with information on 

user group behavior to help formulate group-specific management strategies. 
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CHAPTER 1 

Introduction 

Recent reports have shown that half of all Americans participated in some type of 

outdoor recreation in 2012 (Outdoor Industry Foundation, 2013). As an industry, outdoor 

recreation provides 6.1 million jobs in the U.S. and contributes $646 billion every year to the 

U.S. economy (Outdoor Industry Association, 2013). Participants in outdoor recreation often 

recreate in public natural areas such as state parks, national forests, or national forests 

(Shrestha, Stein, & Clark, 2007).  

Large areas of public land have been set aside for protecting natural resources and 

providing recreation opportunities. In the United States, almost 29% of the land has been set 

aside for public use, and are administered by the National Park Service, United States 

Department of Agriculture Forest Service, Bureau of Land Management, and the Fish and 

Wildlife Service (Lindsay, 2002). Managers of public lands must balance protecting water 

quality, visual aesthetics, and outdoor recreation opportunities (Loomis, 2002). Managers in 

national forests, national parks, state parks, and other public natural areas strive to 

accommodate these multiple benefits. Increased use of natural areas for recreation, however, 

can lead to conflicts between recreation and resource conservation. Issues can be highly 

controversial so managers must be prepared to address the issues proactively or as they arise 

(Manning, Valliere, & Minteer, 2010). 

Concerns about public use issues in natural resource areas gained increased popularity in 

the 1960s. During this time, researchers examined the relationship between public use and 
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environmental conditions of natural areas. Initial studies discovered that high levels of visitor 

use led to increased environmental impacts. Impacts could be measured in terms of 

compaction of the soil, destruction of vegetation, and other physical measurements. Results 

from early studies revealed that increased visitation to an area could not only impact the 

natural setting, but it could also affect the quality of visitors’ experience (Manning, Wang, 

Valliere, Lawson, & Newman, 2010).  

The bulk of social science research in outdoor recreation has concentrated on the visitor 

experience, motivations, and satisfactions (Manning, 2012). Early studies by Driver and 

associates built the conceptual framework for the study of motivations in outdoor recreation 

settings (Driver & Tocher, 1970; Driver & Brown, 1975). Several theories were then 

developed looking at the behavioral approach to understanding visitors in outdoor recreation 

(Manning, 2012). Since the 1970s information about monitoring and assessing visitor 

behavior has gained increased attention (Muhar, Arnberger, & Bradenburg, 2002).  

Commonly, interviews and surveys have been used to monitor visitor behavior because 

they provide information about the motivations and reported behavior of visitors (Muhar, 

Arnberger, & Bradenburg, 2002). But if managers need information on the relationship 

between humans and the environment, the behavior of the visitors must be observed (Muhar, 

Arnberger, & Bradenburg, 2002). To collect this information on the behavior of visitors, 

managers must assess and monitor visitor behavior over time in natural areas. On the other 

hand, the use of image-capture monitoring methods can provide greater detail and 

information about the behavior of visitors in a protected area (Campbell, 2010). Image-
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capture methods can fill this research gap by providing thorough information on visitor 

behavior.  

Study Objectives 

The goal of protected area management is to provide opportunities for recreation while 

also managing for conservation. Managers will accomplish this by taking into account the 

physical and social impacts on trails. Physical characteristics can affect social groups and 

social characteristics can affect physical conditions. Together, physical and social attributes 

impact a trail to some degree. This study focuses on the physical and social aspects of the 

trail.  

 The objective of this study was to (1) determine if individual visitor behavior varied 

across trail and social conditions based on physical measurements and image-capture 

observations and (2) examine the relationship between condition of the trail and behavior of 

trail users on a group level.  

Thesis Outline 

 This thesis is comprised of two manuscripts prepared for peer-reviewed publication. 

The format of each paper varies depending on the journal guidelines for manuscripts. The 

first paper focuses on the use of the camera trap method and the ability to understand the 

relationship between environmental conditions of trails and the behavior of visitors.  The 

utility of the method was tested to determine if and how visitor behavior might vary across 

eight different segments of trails in the Uwharrie National Forest.  
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The second paper describes the application of group analysis on the condition-behavior 

relationship. Specifically, this paper focuses on the behavior of horseback rider groups and 

the relationship between their behavior and trail conditions. The second paper uses the 

camera trap method again for obtaining human-use data.   

The last chapter consists of general conclusions of the research findings. In addition, 

management implications based on the two papers are presented. Finally, future research is 

suggested based on the method developed through the two papers.  
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CHAPTER 2 

A Camera Trap Approach to Assessing Visitor Behavior and Its Association with 

Environmental Conditions on a Forest Trail 

 

Abstract 

This study attempts to improve our understanding of the relationships between 

environmental conditions and visitor behavior on trails using data collected from a camera 

trap method. The two purposes of the study are: (1) to standardize a method for extracting 

behavior data from camera trap images, and (2) to illustrate the utility of integrated analysis 

by examining if and how visitor behavior varies in different trail resource and use conditions.  

This study was conducted in the Uwharrie National Forest in central North Carolina, where 

trail assessment methods were used to record the physical conditions of the trails and eight 

camera traps were used to collect visitor passage rate and behavior.  There were 2,187 people 

observed (26/day) and the large majority of visitors were participating in horseback riding 

(99.2%). There were 66.1% of users found on the trail. Crosstabulations revealed higher 

levels of muddiness and erosion were associated with a greater tendency of off trail behavior. 

Multinomial logistic regression was used and it indicated that the highest quality model for 

predicting on trail behavior included all five independent variables. The results of this study 

will inform natural resource managers about targeted site and visitor management strategies 

for problem areas. 

Key words: trails, visitor monitoring, trail assessment, camera trap method, environmental 

conditions 
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1. Introduction 

Trails are the central outdoor recreation infrastructure in most protected areas that 

support recreational uses (Benedict & McMahon, 2006). Trails serve two major functions in 

a natural area. First, trails provide access to particular recreational areas for the enjoyment of 

visitors. Second, trails concentrate the flow of recreationists to a defined track in the natural 

area in order to minimize widespread environmental impact (Leung & Marion, 1999). There 

are significant challenges in managing trail networks in natural areas. Efforts to rebuild and 

relocate formal trails due to degradation and trail proliferation can be costly. To sustain trail 

conditions and develop effective visitor management strategies, managers must consider the 

physical attributes of trails and the behavior of recreationists that may impact trail conditions 

negatively. Monitoring trails and users over time can reduce the need for costly remedial 

projects (Cole, 1983).   

Monitoring trail conditions and visitor use are both important and managers need to 

link appropriate datasets together to answer questions about factors that influence trail 

impacts. Managers can benefit from the knowledge of how visitor behavior correlates with 

the conditions of formal trails in problem areas. In addition, monitoring trails associated with 

informal trail formation and proliferation is a common challenge in many natural areas 

(Pickering, Hill, Newsome, & Leung, 2010). When trail users stray from the defined track, 

informal trails are created (Walden-Schreiner & Leung, 2013). The creation of informal trails 

degrades the natural environment. Specifically, informal trails can increase habitat 

fragmentation, decrease the aesthetic appeal of a park, and lead to trampled vegetation 
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(Marion, Leung, & Nepal, 2006). If managers are able to minimize the formation of informal 

trails, recreation pressures will be restricted to the formal trail network, which better protects 

the surrounding environment.  

To minimize recreational disturbance in protected areas, managers must be able to 

determine the problem areas on formal trails and locations with proliferating informal trail 

networks (Coppes & Braunisch, 2013). The aim of this study was to improve the 

understanding of the relationship between environmental conditions and visitor behavior in a 

trail setting through an integrated analysis. The two specific objectives are: (1) to develop a 

method for extracting human use and behavior data from camera traps, and (2) to illustrate 

the utility of integrated analysis by examining if and how visitor behavior varies in different 

trail resource and use conditions.    

2. Related Literature  

2.1 Assessing Visitor Impacts 

Trail degradation specifically focuses on the physical conditions of a trail after it has 

been constructed and utilized by recreationists. There are four common forms of soil 

degradation on trails, including compaction, muddiness, displacement, and erosion (Leung & 

Marion, 1996; Marion & Wimpey, 2007). Compaction of the soil is caused by the weight of 

recreationists on the treadway. This type of degradation can cause the soil to be less 

permeable to water and increase the amount of runoff in the area. Some trails can become 

flooded or muddy when rainwater cannot run off. Displacement occurs when soil particles 

are moved from the track by recreationists. This type of degradation usually leads to ruts in 
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the middle of trail. Erosion is an indirect effect of recreation on trails. This type of 

degradation can also negatively affect nearby water sources by washing nutrients and soils 

into the water. Muddiness can occur due to compaction, displacement, or erosion. Muddiness 

can lead to widening of the trail and, in some cases, braided trails as recreationists attempt to 

avoid the muddy middle of the track (Marion & Wimpey, 2007).  

Weaver and Dale (1978) were some of the first researchers to examine the effects of 

different forms of recreation on trail surfaces. Their work examined the effects of hiking, 

motorcycles, and horses on trails in the Rocky Mountains. Transects for each section were 

created and a standard number of passes was implemented. The amount of bare ground 

increased as the number of passes was increased. The higher the slope of the trail the more 

rapid the effect of increased bare ground due to increased passes occurred. Hikers had 

minimal negative impacts on the vegetation compared to horses or motorcycles, and the 

researchers attributed this to the differences in pressure applied to the substrate.  Trail width 

increased with increased use and this effect was the greatest on higher sloping trails (Weaver 

& Dale, 1978). This particular study found differences in the environmental condition of 

trails due to recreational pressures from different user types.  

Trail conditions can have impacts on the behavior of visitors. In a study by Keirle and 

Stephens (2005) the behavior of users was observed along a “right-to-roam” trail in north 

Wales, meaning access to the countryside was very broad and visitors could wander off the 

linear trail without trespass. The trail was surfaced with stone to prevent erosion. The results 

of the study indicated that many users tended to stay on the trail, suggesting that the quality 
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of the tread could influence on trail behavior. Similarly, a study by Pearce-Higgins and 

Yalden (1997) found that by improving trail surfaces there was an increase in the percentage 

of hikers staying on the trail. Both studies reveal changes tread conditions can affect the 

behavior of visitors in natural settings.  

While the previous study looked at on trail behavior, the study by Coppes and 

Braunisch (2013) examined off trail behavior. This study found that off trail behavior of 

users could be predicted by spatial-distribution modeling. The study used modeling to 

determine that people were most likely to leave the trail if there were trail signs, including 

signs that mentioned a closed trail. The most important factor for people leaving a trail was 

when the trail bordered an old forest because the forest had an open structure. In this study, 

users from all activity types behaved similarly. However, the study suggested that with 

different landscapes environmental conditions of the trail might affect users differently 

depending on activity type.  

The need for trail condition information has led to the creation of different assessment 

techniques. The two common forms of trail assessment are point sampling method and 

problem assessment method (Marion & Leung, 2001). The former gives managers an 

accurate representation of trail characteristics that are continuous or frequent along the trail 

because it captures objective interval data along a trail. Point sampling has been used for 

width and incision measurements. Farrell and Marion (2001) found that point sampling was 

more universal and required less modification for the study area than the problem assessment 

method. In contrast, the problem assessment method allows managers to locate and record all 
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problem incidents of significant management concern as they exist throughout a trail 

segment, even though some problem types are infrequent and may fall between two sampling 

points (Leung & Marion, 1999). Overall, managers can select the preferred method of 

monitoring given the impacts of importance for the area. A combination of the methods, 

while more costly, can provide a more thorough overview of the impacts along the trail. 

2.2 Camera Trap Technology 

In 1888, George Shiras III improved a method to take photographs of animals during 

the nighttime. His cameras had a hand-operated flash that worked powerfully at night to 

capture pictures of deer and other wildlife. This was one of the first instances where a camera 

“trap” was initiated. His method was revolutionary and his pictures were featured in National 

Geographic Magazine (Sanderson & Trolle, 2005).  

Technology has improved the functioning of camera traps to work more efficiently 

and effectively (Kays et al., 2009; Rowcliffe & Carbone, 2008). Infrared cameras collect 

large volumes of data that can be stored, transported, and visualized for scientific work. 

These cameras are largely noninvasive due to the invisible infrared (IR) flashes and are low 

labor intensive as they can be left alone for weeks at a time (Kays et al., 2009). Camera traps 

have now been widely used to track the movement and behavior of animals in their natural 

habitats (Rowcliffe, Field, Turvey, & Carbone, 2008). While camera trapping has become 

more popular in wildlife research, many studies have not been released in published forms. 

Rowcliffe and Carbone (2008) see this uncoordinated effort of camera trapping as room for 

improvement in the scientific world.  
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In a study by Kays et al. (2009), cameras were distributed based on the areas with the 

best possible data collection available for capturing wildlife movements. Cameras were 

deployed for eight days and once the cameras were retrieved, memory cards and batteries 

were switched out. Once the data was uploaded for analysis, images were separated based on 

sequences. This study followed a standard protocol of each sequence representing each 

different group of animals. If a sequence was separated by a time lapse of more than 40 

minutes, the researchers determined that the social groups were separate. After sequences 

were determined, researchers recorded the number of animals, species, and coat patterns of 

each social group or animal in the individual sequences. The date, time and location were 

also recorded for analysis. Researchers used the data to determine the overall frequency and 

detection of each species of animal. The data also helped reveal the temporal distribution of 

activity of species observed.  

Using the camera trap method for observing visitor behavior has yet to be fully tested 

in the field of parks and recreation (Campbell, 2010). This monitoring protocol could alter 

the dynamics of understanding the behavior of visitors. In the past, surveys have been given 

to recreationists to assess visitor experiences (Packer & Ballantyne, 2002). While the surveys 

do help explain motives and preferences of visitors, the behavior of visitors is self-reported 

(Campbell, 2010; Muhar, Arnberger, & Brandenburg, 2002). Another approach to collecting 

visitor behavior is through unobtrusive observations by human observers or image-capture 

techniques (camera, videos, etc.) (Campbell, 2010; Muhar, Arnberger, & Brandenburg, 

2002). While most image-capture techniques have proven beneficial in wildlife tracking, it 
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would seem natural to test the technique on measuring human-use behavior data (Fairfax, 

Dowling, & Nelder, 2012).  

Visitor behavior data can complement the information obtained through visitor 

surveys. Camera traps allow for an unobtrusive and objective account of visitor behavior. 

Infrareds sensor allow cameras to record over longer periods of time rather than typical 

human observation, and provide greater information and detail (Campbell, 2010). The 

proposed methodology will facilitate integration of monitoring programs in addressing 

problems of concern to protected area managers, but it has remained relatively untested in the 

field (Campbell, 2010). The results will also inform protected area managers in maintaining 

sustainable formal trail networks with targeted site and visitor management strategies for 

problem areas.   

The combination of the camera trap method and physical measurements of trails has 

yet to be examined. By integrating this type of trail assessment, the relationships between 

environment conditions and recreation behavior can be observed. Ultimately, this type of 

analysis could provide managers with more and better data for evaluating natural resource 

issues.  

3. Methodology 

Data collection took place in the Uwharrie National Forest, which covers 

approximately 51,000 acres in Montgomery, Randolph, and Davidson counties of North 

Carolina. The National Forest allows primitive dispersed camping throughout most of the 

area. The North Carolina Wildlife Resources Commission manages the land for public 
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hunting, trapping, and fishing. In addition to these amenities, the Uwharrie attracts hikers, 

mountain bikers, horseback riders, and dog walkers. Motorized recreation can be found on 

some of the trails as off-highway vehicles are allowed in sections of the Forest (U.S. 

Department of Agriculture, 2013).   

 

 

 

Figure 1 Map of Uwharrie National Forest location in central North Carolina 

 

 

 

For this study, research was focused primarily on a network of trails in the Badin 

Lake Recreation Area, which can be seen in Figure 1. This area has 18.61 kilometers of trails 

for off-highway vehicles. In addition, 64.37 kilometers have been set aside for non-motorized 

activities with trail difficulty ratings from easy to difficult. Many of the trails are adjacent to 
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the Uwharrie River and its tributaries. Five trails in this section of National Forest were the 

focus of this study. The Todd Trail is 3.38 kilometers long and, according to the Forest 

Service, has a moderate rating for recreationists. The other four trails have easy intensity 

ratings and are named the Indian Trail, Megan Trail, Home Trail, and Larry Trail. All five 

trails are between 1.61 kilometers and 4.02 kilometers long and they allow horseback riding, 

hiking and mountain biking.  

3.1 Physical Measurements 

This study used physical measurements and observational data gathered between May 

and July, 2013. Two methods were used to collect the physical measurements along eight 

sections of the trails: trail problem assessment method and the point sampling method.  Both 

assessments were used to gain a greater understanding of the impacts along the trail. The 

Trail Problem Assessment Method (TPAM) was adapted from Leung and Marion (1999) to 

physically measure “problem” sections of the trail.  

The Trail Problem-Assessment Method (TPAM) adapted from Leung and Marion 

(1999) was utilized as a method to physically measure the trail conditions. The problem 

assessment was used to record any tread issues along the trail. A form for this test allowed 

room to record the start and end distance of the problem. The point sampling method was 

used in the study to highlight intervals along the trail in the vicinity of each camera. The 

measurements were taken at five main points along the trail: 2 meters in front of the camera, 

50 meters from the camera along the trail, 100 meters from the camera along the trail, 50 

meters behind the camera along the trail, and 100 meters behind the camera long the trail. 
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Secondary trails (informal trails) were also recorded if they were found at the 5 main points 

along the formal trail. A measuring wheel was used to designate the five points along the 

trail. Pin flags were used to mark the specified points as each section was measured. 

The measurements at each sampling point included the tread width, the percent grade 

of the trail, the percent grade of the landscape, the erosion class, the muddiness class, and the 

maximum incision. Width was measured using a measuring tape. A clinometer and a 

compass measured the percent grade of the trail, percent grade of the landscape, and cardinal 

directions of the trail and landscape. Maximum incision was measured using a long tape 

measure suspended the width of the trail and a small measuring tape that was dropped down 

at the lowest point along the perpendicular transect.  

Physical measurements for the point sampling method were divided into two 

categories: an average of all systematic measurements taken at each camera, and an average 

of the 5 meter and 50 meters in front of each camera. The purpose of reporting the data in 

two different ways was to understand the condition of the trail given a 200-meter stretch 

around the camera, but also to understand the immediate behavior of the user within the 50-

meter view right in front of the camera.  

The erosion classes have been adapted from Wimpey and Marion (2011) and can be 

found in Table 1. Erosion classes specified the appearance of the trail related to loss of 

vegetation or appearance of gullying. The muddiness classes have been proposed by Leung 

and Conlon and can also be found in Table 1. The muddiness classes specify the level of 
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wetness of the trail given how the trail appears. Secondary trails were only given an erosion 

class and muddiness class.  

 

 

Table 1 Erosion class and muddiness class descriptions 

A. Erosion Class Description 

E1 Trail distinguishable; slight loss of vegetation cover and /or minimal disturbance of 

organic litter. 

E2 Trail obvious; vegetation cover lost and/or organic litter pulverized in primary use 

area 

E3 Vegetation cover lost and/or organic litter pulverized within the center of the tread, 

some bare soil exposed. 

E4 Nearly complete or total loss of vegetation cover and organic litter within the tread, 

bare soil widespread. 

E5 Soil erosion obvious, as indicated by exposed roots and rocks and/or gullying. 

B. Muddiness 

Class 

Description 

M1  Trail tread surface is dry and there is no evidence of muddy condition 

 No noticeable footprint can be formed by the field staff 

M2  Trail tread surface is somewhat wet and muddy, but there is no standing water 

 There is evidence of seasonal muddiness (imbedded foot or hoof prints but 

many are dried up) 

 Light footprints up to 1cm deep can be formed by the field staff 

M3  Trail tread surface is somewhat wet and muddy and standing water may exist 

 There is clear evidence of seasonal muddiness (e.g., many imbedded foot or 

hoof prints < 2.5cm/1in deep and they are wet) 

 Footprints up to 2.5cm/1in deep can be formed by the field staff 

M4  Trail tread surface is mostly wet and partly flooded with standing water; there 

is clear evidence of permanent muddiness (e.g., many imbedded individual 

foot or hoof prints are deeper than 2.5cm/1in and they are wet) 

 Some imbedded foot/hoof prints are merged but not widespread 

 Footprints up to 5cm/2in deep can be formed by the field staff 

M5  Trail tread surface is completely wet with flooded with standing water with the 

bottom cannot be seen 

 Foot or hoof prints are mostly merged to form a larger contiguous water body 

 Footprints of greater than 5cm/2in can be formed by the field staff 
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3.2 Visitor Use and Behavior Data 

Human use data of recreationists was collected using the camera trap method. The 

camera trap method was applied as part of the eMammal Project. This project is part of a 

collaboration between the Smithsonian Institution and the North Carolina Museum of Natural 

Science. This project is a citizen-based science project in which citizen volunteers sign up to 

set up and maintain camera traps in natural resource areas in the mid-Atlantic region of the 

United States. The photos collected by the infrared activated cameras can help determine 

mammal distribution and abundance in recreational settings. The goal of the project is to 

determine how recreation on trails can influence the behavior of mammals and to preserve 

the biodiversity of our wild corridors.   

The camera used in the project is a Reconyx Hyperfire PC800 with a 4-gigabyte SD 

card. The camera runs on 12 AA batteries and the camera model cost around $550. For each 

area along the trail we will set the camera on the trail pointing down the trail. The general 

coordinates were set up by the North Carolina Museum of Natural Science, but the specific 

camera positions within the vicinity were adjusted in this study to focus on trail conditions. 

Since the mammal project was interested in tracking wildlife, three cameras were set up at 

each location: one on trail, one 50 meters off of the trail, and one 200 meters off of the trail. 

The camera was set up about knee height on the tree and parallel to the ground. A python 

lock was used to secure the camera around the trunk of the tree. Once set up, the camera 

automatically took a series of 10 photographs at 1f/s when the infrared sensor detected a 
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warm body in the area and immediately re-triggered if motion was detected again. 

Consecutive bursts of pictures were combined into one sequence if separated by <1min.  

Each camera remained in the location for a period of three weeks before it was 

retrieved and the data removed from the Secure Digital (SD) memory card. After the initial 

set up, retrieval of the cameras involved swapping the memory cards and replacing the 

batteries for the next location. For the purposes of this study, only the human data from the 

cameras on trail were used.  

 

 

 

Figure 2. Camera locations and trails used in the study 
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Two on trail cameras were collected every three weeks and the photos were uploaded 

to the software program designed by the eMammal project. The use and behavior data were 

coded in the order that each sequence was photographed. The group size, gender, age of the 

individual (youth or adult), activity (e.g., walking, horseback riding, biking), number of 

horses, number of dogs, and user behavior (e.g., on trail, edge of the trail, secondary trail, or 

off trail) were all recorded for each individual trail user in Microsoft Excel. When each 

visitor appeared in the photos the initial behavior of each visitor was coded as the behavior in 

this study. If variables were unidentifiable in the photos, the category was assigned an 

unknown value. Secondary trails were visitor-created trails that ran off from the formal trail. 

Table 2 shows the breakdown of how the variables were coded for this study.   

 

 

Table 2 A list of human use variables extracted from the eMammal photos 

Variables Categories and Definitions 

Activity  Walking – user has feet on the ground  

 Horseback riding – user is riding on a horse with hooves on the ground 

 Biking – user is on a bicycle with wheels on the ground 

Behavior  On trail – user is in or near the center of the trail tread 

 Edge of the trail – user is not in the center but still on the trail, pushing back 

vegetation was often an indicator 

 Secondary trail – user is on a secondary trail around or parallel with the main 

trail 

 Off trail – user is completely off of any established trail tread 

Gender  Male – typically shorter hair, facial hair, broader shoulders, masculine clothes 

 Female – typically longer hair, smaller body frame, generalized gender 

characteristics  

Age  Youth – under the age of 18, overall body size was smaller 

 Adult – over the age of 18, larger body size 
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Setting up and retrieving the cameras took about 45 hours evenly distributed between 

May and July 2013. Each trip out to retrieve cameras, relocate cameras, and measure the 

conditions of the trail took about nine hours each trip. Coding the photos from the 

observations took 30 hours in November 2013. Due to the trails looping, visitors typically did 

not walk in front of the camera multiple times. This prevented coding the same group more 

than once.  

3.3. Analysis  

 The analysis first looked at the environmental conditions of all of the eight trail 

segments. Then the demographic characteristics of the visitors were observed. Visitor 

activity and number of dogs was also calculated. The spread of the data across all of the days 

of camera observation was observed, and then the spatial data across each camera location 

was calculated.  

 Trail behavior of the visitors was examined from all eight of the camera locations, 

and the number of people using a secondary trail was looked at for the trails with a secondary 

trail option. Crosstabulations were used to show the comparison of user behavior and user 

characteristics. Two chi square tests were used to look at the relationship user behavior and 

age, and between user behavior and gender across the five camera locations that did not offer 

a secondary trail option. The significance level for all chi square tests was p<0.05.  

 Crosstabulations were applied to evaluate the relationship between muddiness class 

and behavior for both trails with a secondary trail option and trails without a secondary trail 

option. Similar crosstabulations were also made to look at the association between the 
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erosion class and the observed behavior. There were two tables for this test as well to look at 

camera locations with a secondary trail option and camera locations without a secondary trail 

option. A multinomial logistic regression model of on trail behavior was run to determine the 

quality for the different independent variables (e.g., muddiness level, erosion level, tread 

width, maximum incision) in predicting on trail behavior. Each regression model provided 

the Akaike information criterion (AIC) that was used to predict the quality of the model 

given the independent variables included in the model (Bozdogan, 1987). Different 

combinations of the independent variables revealed AIC values that indicate the highest 

quality model in predicting on trail behavior.  

4. Results 

Environmental conditions across all eight locations were similar for the 200-meter 

segment and the 5-50 meter segment. Table 3 shows the tread width, muddiness class, 

erosion class, and maximum incision were all determined for the entire 200-meter segments 

and the 5-50 segments. The means for tread width, muddiness class, and erosion class were 

similar when comparing the 200-meter segment to the 5-50 meter segment. Only the 

maximum incision rate was slightly different with an average of 0.19 meters (SD = 0.15) for 

all of the 200-meter segment and 0.12 meters (SD = 0.09) for the 5-50 meter segment. The 

average grade of all eight trails was 4.10% (SD = 3.48), while the average landscape grade of 

all camera locations was 11.46% (SD = 7.48). Since the 5-50 meter and 200-meter 

measurements were similar, the 5-50 measurements were used for analysis. The 5-50 meter 



24 

 

 

 

 

segment was the visible segment in the photos retrieved from the cameras, which also 

influenced the decision to use the 5-50 meter segment physical data for analysis.  

 

 

Table 3 Trail measurements of the 200-meter segment across all cameras, and the 5-50  

meter segment around each camera 

 
 Mean Range Minimum Maximum Std. Deviation 

All measurements in 200 meter segment 

Tread Width (m.) 2.35 2.32 0.91 3.23 0.78 

Muddiness Class 1.88 2.60 1.00 3.60 0.82 

Erosion Class 2.78 3.00 1.40 4.40 1.01 

Maximum Incision (m.) 0.19 0.40 0.04 0.44 0.15 

Measurements in the 5-50 meter segment 

Tread Width (m.) 2.51 3.35 0.61 3.96 1.14 

Muddiness Class 1.94 2.00 1.00 3.00 0.86 

Erosion Class 2.56 3.00 2.00 5.00 1.02 

Maximum Incision (m.) 0.12 0.24 0.03 0.27 0.09 

 

 

 

There were 2,187 people observed for the study and 54.2% were male with 45.8% 

female. The majority of the users observed were adults (92.1%) while the remaining 7.9% 

were categorized as “youth.”  The majority of users were participating in horseback riding 

(99.2%) while the remaining use was from hikers. There were 238 dogs observed in the 

study, with a maximum of six dogs with one user group.  

There were on average 26 visitors per day over all eight of the camera locations. The 

most people observed on a particular day were 333 trail users. The results of the study 

revealed differences in the distribution of visitors along the five trails. The most populated 

trail consisted of 41.2% of the visitors observed while the least populated trail consisted of 

2.9% of the visitors observed. User behavior varies across the five trails depending on 

whether there was access to a secondary trail. The three camera locations on the trail that 
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included a secondary path recorded almost 40% of users taking the secondary route. Across 

all cameras, 66.1% of users were on the trail, 12.5% were off the trail, 12.4% were on a 

secondary trail, 8.9% were on the edge of the trail.  

Data were lumped together for all the camera locations for the chi square test (Table 

4). The result shows that the proportion of adult visitors and youth visitors staying on trail 

was almost the same (69.3% and 70% respectively). There was a slightly larger proportion of 

youth (18.2%) that used the edge of the trail compared to adults (11.8%). Also, data showed 

a larger proportion of adults (18.9%) who went off trail compared to youth (11.8%) (Table 

4). The relationship between the age group of the trail user and the behavior observed was 

significant (p = 0.04).  

 

 

Table 4 The results of the chi square test between age and behavior of the user 

 
 

Behavior Total 

Edge Off Trail On 

Age 

Adult 
Count 159 256 936 1351 

% within Age 11.8% 18.9% 69.3% 100.0% 

Youth 
Count 20 13 77 110 

% within Age 18.2% 11.8% 70.0% 100.0% 

Total 
Count 179 269 1013 1461 

% within Age 12.3% 18.4% 69.3% 100.0% 

a. Pearson chi square value = 6.231, df = 2, p = 0.04 

 

 

 

The chi square test was also run to test the relationship between gender and behavior 

observed but the result was not significant (p>0.05). There was not enough information 
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available to record the behavior of hikers to compare their behavior with the number of 

horseback riders. The sample size of horseback riders was too large compared to the sample 

size of hikers.  

The relationship between muddiness class and user behavior was summarized in 

Table 5.  Overall, the results showed that the greater the muddiness class the greater the off 

trail behavior. The number of people within a muddiness class of one that were off trail was 

1.2%, but with a muddiness class of two almost 40% of the people were off trail. There was a 

very small sample size (n = 23) on a trail with a muddiness class of three, but all of the 

visitors for this muddiness class were on trail. No chi square test was run due to the fact that 

there were not enough people for each cell.  

 

 

Table 5 The crosstabulation table for muddiness class and and user behavior association for 

cameras without a secondary trail option 

 
 

Behavior Total 

Edge Off Trail On 

Muddiness Class 

1 
Count 178 9 593 780 

% within Muddiness Class 22.8% 1.2% 76.0% 100.0% 

2 
Count 1 260 404 665 

% within Muddiness Class 0.2% 39.1% 60.8% 100.0% 

3 
Count 0 0 23 23 

% within Muddiness Class 0.0% 0.0% 100.0% 100.0% 

Total 
Count 179 269 1020 1468 

% within Muddiness Class 12.2% 18.3% 69.5% 100.0% 

 

 



27 

 

 

 

 

Table 6 shows the relationship between the erosion classes around the five camera 

sites without secondary trail options and the behavior of the users observed. Every visitor on 

a trail with an average erosion class of 1.50 was on trail. This contrasted with about 60% of 

visitors on a trail with an erosion class of 3.50 and 4.50 were actually on trail. There were 

about 32% of visitors within the 4.50 erosion class that walked along the edge of the trail, 

and about 40% of the visitors on a 3.50 class trail were off the trail completely. From the 

results it seems that as the erosion class increases the more users were seen going on the edge 

of the trail or off trail completely. No chi square test was run due to the fact that there were 

not enough people for each cell.  

 

 

Table 6 The crosstabulation table for erosion and user behavior association for cameras  

without a secondary trail option 

 

 
Behavior Total 

Edge Off Trail On 

Erosion Class 

1.50 
Count 0 0 40 40 

% within Erosion Class 0.0% 0.0% 100.0% 100.0% 

2.00 
Count 1 1 213 215 

% within Erosion Class 0.5% 0.5% 99.1% 100.0% 

3.50 
Count 1 260 404 665 

% within Erosion Class 0.2% 39.1% 60.8% 100.0% 

4.50 
Count 177 8 363 548 

% within Erosion Class 32.3% 1.5% 66.2% 100.0% 

Total 
Count 179 269 1020 1468 

% within Erosion Class 12.2% 18.3% 69.5% 100.0% 
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 Muddiness level, erosion level, tread width, maximum incision, and group size were 

all used in a multinomial logistical regression analysis to determine the best model for the 

given variables to predict on trail behavior. The AIC values describe a model with the 

specified predictor variables, with lower values indicating better models (Norusis, 2008). 

Table 7 shows the breakdown of the different models. The model with all five of the 

independent variables was the best model for the given dataset with an AIC value of 418.245. 

When group size was removed from the model, there was only a slight change (1.571) in the 

AIC of the model. This suggests that group size might not be a strong indicator for predicting 

on trail behavior. When width, or maximum incision, or muddiness was removed from the 

model AIC value spiked dramatically.  

 

 

Table 7 AIC values for multinomial logistic regression models 

 

Model Type Log likelihood K AIC AIC WT-EQN AIC-WT 

Mud + Erosion + Width + Max. 

Incision + Group Size* 
406.245 5 418.245 0.000 1.000 0.687 

Mud + Erosion + Width + Max. 

Incision 
409.816 4 419.816 1.571 0.456 0.3131 

Mud + Erosion + Max. Incision 

+ Group Size 
825.253 4 835.253 417.008 2.8 x 10-91 2.0 x 10-91 

Mud + Erosion + Width + 

Group Size 
845.209 4 855.209 436.964 1.3 x 10-95 9.0 x 10-96 

Erosion + Width + Max. 

Incision + Group Size 
867.342 4 877.345 459.100 2.0 x 10-100 1.0 x 10-100 

Mud + Width + Max. Incision 869.695 3 877.695 459.450 2.0 x 10-100 1.0 x 10-100 

  * Indicates the best model  
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5. Discussion and Study Limitations 

There were two major objectives for this study, which aimed to contribute to the 

understanding of characterizing visitor use and how it is linked to different trail conditions. 

The first objective was to develop a method to collect trail use behavior data of humans. 

Another objective of this study was to examine if and how human use of trails varies due to 

environmental conditions of the trails.  This study met the objectives of testing a new method 

of unobtrusive data collection of human use data through the camera trap method. In 

addition, there were some results found pertaining to the differences of human behavior 

across the environmental conditions of trails.  

While most characteristics were easily identifiable in the photos, there was a trade-off 

when coding the photos to determine behavior. The protocol for this study was to code the 

first photo, but the behavior can change over time. Further studies could look at the behavior 

of the visitor throughout the entire sequence since behavior can change from photo to photo. 

Coding the first full-body image of each visitor kept the results consistent for each visitor, 

but examining the visitor behavior changing over the sequence could provide greater detail.  

In this study, the relationship between the age of the trail user and the behavior of the 

trail user was significant for the five camera locations without a secondary trail option. 

Previous literature supports this finding, as a research report on off trail behavior found that 

age significantly influenced off trail hiking behavior. In the study, younger hikers were more 

likely to hike off the trail (Hockett, Clark, Leung, Marion, & Park, 2010). The study was self-

reported, so the method for data collection was different that image-capture used in this 
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study. This finding however, was not the same for the relationship between gender and 

behavior of the user in this study because this relationship was not significant. The previous 

research report also found similar results as gender was not found to influence hiking 

behavior.  

There is currently little research on visitor perception of muddiness compared to 

visitor perception of erosion (Lynn & Brown, 2003). The results of this study suggest that 

higher muddiness levels could lead to trail users to go off trail, but the trail conditions in this 

study did not vary enough to provide a stronger evaluation of muddiness effects. A previous 

study found that muddiness is a prominent negative impact on trails and can cause off trail 

behavior in trail users (Dumont, Roovers, & Gulinck, 2004). In addition, a study on the 

perceptions of trail users found that muddiness had one of the highest levels of deterimental 

impact on the hiker experience (Moore, Leung, Matisoff, Dorwart, & Parker, 2012). While 

this study found a greater amount of horseback riders than hikers, the results of this study 

were consistent with the previous finding in that muddiness level tended to increase the 

amount of users going off trail.  

Results from the study revealed that high erosion levels could lead to users going off 

trail or walking along the edge of the trail. A previous study by Lynn and Brown (2003) 

found that erosion had a moderate effect on all experience factors (i.e. solitude, remoteness, 

naturalness). In addition, Schneider (2007) found that visitors might be displaced due to 

resource changes such as erosion. The results of this study revealed that about a third of the 
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visitors within the highest erosion class average (4.50) chose the edge of the trail. In addition, 

about a 40% of the visitors on 3.50 erosion class trail were off the trail completely.  

The study also found that 40% of users choose a secondary path when the option was 

available. While the study did not determine the motives behind the decision to choose the 

secondary path, the creation of these informal trails overtime can cause damage to the forest. 

Informal trails created by park visitors are often unsustainable and susceptible to degradation 

(Wimpey & Marion, 2011). This is a consequence if people stay to the edge of the trail 

overtime expanding the formal trail, or if people go off trail creating new secondary trails 

over time. 

Finally, the study found that all five independent variables (e.g., muddiness level, 

erosion level, tread width, and maximum incision) were good indicators of predicting on trail 

behavior when used together in a multinomial regression model. The AIC values indicated 

that when group size was removed the model, the quality of the model changed only slightly. 

This model was based on analysis of all individuals observed in the study, meaning that 

group size might not be a quality indicator of individual on trail behavior in a natural setting. 

Variables such as muddiness, erosion, tread width, and maximum incision had a large effect 

on the quality of the regression model when predicting on trail behavior. 

The fact that the study focused heavily on horseback riders was a limitation. 

Horseback riders could have different behaviors than hikers. Additionally, specific 

motivations are not measured in the study due to the fact that interviews and questionnaires 

were not utilized. This type of monitoring could be combined with the camera trap method to 
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fully understand the motives and behavior of visitors (Muhar, Arnberger, & Bradenburg, 

2002). Also, the amount of camera locations limited the amount of varying physical data. 

While the observation data was thorough, there were only eight different sets of physical 

measurements of the trail, which was inadequate for more detailed statistical tests.  

5.1 Management and Research Implications  

Trail systems provide access to destinations by concentrating the flow of traffic to a 

defined tread. Durable trails require planning and management to minimize resource 

degradation (Olive & Marion, 2009). This study attempts to facilitate the integration of 

monitoring programs in addressing problems of concern to protect area managers by 

quantifying visitor use and behavior.  

Managers can apply this method to gain greater information and detail about a 

specific natural area. The camera provides a method for the manager to obtain information on 

type of activity, gender of visitors, and behavior of visitors, while electronic counters only 

provide counts of visits (Campbell, 2010). While this method does come with added cost, 

overall it could save managers man-hours from having to pass out surveys or observe in-

person on the trail. The camera trap method delivers a wide array of data at a fraction of 

maintenance time and costs (Campbell, 2010).  

Ultimately, this type of monitoring data could provide managers with a unique 

approach to evaluating natural resource issues. While some of the user characteristics were 

difficult to decipher through the use of a camera only, the majority of the data was easy to 

interpret from the photos. This method is most useful if the cameras are accessible from 
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researchers and they are done for multiple purposes (e.g. wildlife monitoring). In the future, 

studies integrating wildlife data and relating trail conditions could add to the growing 

literature on the camera trap method while also providing additional data for managers.  

In addition to the how the method of data collection can assist managers, the results 

of this study could inform managers on how to prevent noncompliance behavior in natural 

areas by monitoring the environmental conditions of the trails. Managers can reduce the 

amount of off trail behavior by preventing or diverting traffic on trails that are heavily eroded 

or muddy.  

Further studies with more diverse user groups and additional sample locations may be 

needed to complement these preliminary findings. By having additional camera locations, 

there could be a variety of physical measurements to run higher statistical tests. The study 

should be replicated in an area with a diverse user group. The trails in Uwharrie National 

Forest are popular for horseback riders, but data with a greater number of hikers and 

mountain bikers could draw additional conclusions using theses monitoring methods. The 

study could also be performed over a long time frame than three of the summer months. 

Other seasons bring different temporal changes, which could possibly affect the condition on 

the tread surface.  

Additional studies using this data collection method could also employ inter-rater 

reliability to verify the coding of the photos. This would further clarify the definitions for the 

variables needed for the use of this image-capture method. By verifying the reliability the 

coding process could be applied broadly across natural resource areas.  
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6. Conclusion 

The significance of managing visitors has gained greater importance over the past few 

years as studies have shown that recreational impacts may pose a threat to sustainable 

management of natural areas (Wolf, Hagenloh, & Croft, 2012). The implication of new 

monitoring methods given the increase in technology could have multiple benefits for 

managers of natural areas. The utility of this monitoring technique could allow managers to 

collect valuable and detailed information regarding visitor use and behavior of natural areas. 

Combining this method with other assessments such as linking the physical data from the 

area could give managers a better understanding of the problem areas and how to manage 

them. In order to better understand this method, addition research in protected areas is 

needed.  
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CHAPTER 3 

Examining the Relationship between Trail Conditions and Horse Riders’ Behavior: The 

Influence of Group Characteristics  

 

Abstract  

 User groups can have varying effects on the condition of protected areas. Managers 

must understand how to cope with different user groups to protect natural areas. The 

objective for this study is to determine the influence of group characteristics on the 

relationship between trail conditions and horseback riding behavior. The trail conditions and 

image-capture data were collected in the summer of 2013 in the Uwharrie National Forest.  

Generalized linear regression models for the different visitor behaviors were run. The results 

of the study revealed that when the trail had higher levels of muddiness or erosion, a higher 

number of people within each group wandered off trail from their group regardless of group 

size. In contrast, the wider the trail the higher number of people within groups tended to stay 

on trail. Separate Poisson regression models were run to evaluate the overall findings on 

small groups, large groups, family groups and adult groups. The results revealed no 

differences in on trail behavior between small and large groups.  The directions of 

relationship with family groups and adult groups were also similar for all four of the trail 

condition variables. Overall, the study provides managers with group behavior information to 

formulate group-specific management strategies. 

Key words: trail conditions, group impacts, horseback riders, camera trap method 
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1. Introduction  

One encompassing issue for policy makers and managers of protected natural areas is 

the need to protect flora, fauna, and the overall ecosystem while also providing a variety of 

recreational uses (Olive & Marion, 2009). Both conservation and visitation are well-

recognized management objectives crucial for the sustainable future of these ecologically 

valuable areas. Less recognized is the substantial challenge of balancing the two objectives.  

Trails in protected areas are part of this management challenge. Trails are the 

fundamental outdoor recreation infrastructure in most protected areas that support multiple 

use. Trails provide access to recreational opportunities for visitors while protecting the 

surrounding ecosystem by directing the flow of traffic to a defined area (Marion & Leung, 

2004). Trails require a level of protection and maintenance in order to preserve their 

conditions. If trails are in good conditions visitors presumably are more likely to stay on 

them and have good experiences. There has been some research on user perceptions of trail 

impacts (Moore, Leung, et al., 2012; Lynn & Brown, 2003; Symmonds & Hammitt, 2000). 

However, there is little empirical research looking into the trail condition-visitor behavior 

relationship with different types of impacts and different user characteristics. An 

understanding of this relationship would help sustainable trail and visitor management.  

The scope of this paper specifically deals with the behavior of horseback rider groups 

and the relationship between their behavior and trail conditions. The 2010 Outdoor 

Recreation Trends and Futures document reported that horseback riding on trails engaged 
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seven percent of adults in the United States in 2008. The report also indicated that this 

percentage will increase to 19 percent by 2060 (Cordell, 2012). The increase in population 

could lead to a greater number of social conflicts or environmental impacts along the trail. 

Trail etiquette might not be well understood by new visitors to natural areas. The need to 

understand the behavior of trail users is high, especially in group settings.  

To promote sustainable visitor management strategies, researchers need to integrate 

environmental and social components in natural resources to understand impact-causing 

behavior of recreationists. Conflicts in recreation are multidisciplinary as they pull from the 

ecological and social aspects of public green spaces. Understanding the related social science 

research allows managers to work effectively with recreationists to reduce negative 

environmental and social impacts (Manning, 2010).  

The lack of quantitative data about the environmental impacts of recreation in natural 

areas means that existing research is needed to create management plans (Newsome, 

Milewski, Phillips, & Annear, 2010). There is a need for more information on comparing the 

impacts of different activities on trails (Pickering, Hill, Newsome, & Leung, 2010; Wimpey 

& Marion, 2011). Specifically, there have been few scientific studies have focused on the 

influence of group characteristics on resultant impacts to natural resources (Monz, Brame, & 

Yoder, 2000). The majority of studies focus on the impact of individuals within the protected 

area (Torn, Tolvanen, Norokorpi, Tervo, & Siikamaki, 2009; Pickering, Hill, & Newsome, 

2010). Studies that did focus on the group level of analysis were mostly targeted on 

campsites and picnic sites (Cole & Marion, 1988; Lime, 1972). Group behavior analysis is 
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valuable when information is needed about the activity or behavior of a particular population 

(Fragaszy, Boinski, Whipple, 1992).  

This study focuses on the influence of group characteristics on the relationship 

between trail conditions and horseback riding behavior. Physical measurements of the trail 

were measured and compared with the behavior of groups that used the trail. The study also 

employed the monitoring method using camera traps to collect visitor behavior information 

for horseback riding groups in a National Forest.  

2. Literature Review 

Several studies have examined the impact of horseback riding on trails and found that 

this form of recreation can have increased environmental impact on trails such as erosion and 

vegetation damage (Monz, Brame, & Yoder., 2000). One study by Torn, Tolvanen, 

Norokorpi, Tervo, and Siikamaki (2009) examined the recreation impacts of different 

activities on trails. The results from the study revealed that horse trails were narrower than 

hiking trails because of the habits of groups of horseback riders to travel in a single line.  

Recent ecological studies have been done to compare the effects of different types of 

recreational use on vegetation and soils. Pickering, Hill, Newsome, and Leung (2010) 

reviewed the recreational impacts from different levels of recreational use in both Australia 

and USA. Impacts of hiking in Australia and USA include soil compaction and loss, reduced 

soil moisture, loss of organic litter, loss of ground vegetation cover, loss of native plant 

species, introduction of weeds or pathogens. Impacts of horse riding were found to be similar 

to hiking and include the following: soil compaction and erosion, loss organic litter, loss of 
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ground cover vegetation, loss of species, trail erosion, and widening. The difference found in 

the study was the severity of impacts. The greater the weight of the horse is associated with 

more damage to the vegetation. Grazing by horses leads to increased damage to vegetation. 

Mountain biking is not a homogenous impact because there are different styles of mountain 

biking, equipment used, and facilities utilized. (Pickering, Hill, Newsome, & Leung, 2010).  

Similar to the study by Pickering et al. (2010), another study examined the effects of 

mountain biking and hiking on trails in an area of Australia. The study by Pickering, Rossi, 

and Barros (2011) study gained attention because a modification of a common trampling 

experimental methodology was put in place for the experiment. Characteristics of the 

vegetation and soil were measured and recorded before and after the treatments. The results 

showed a reduction in vegetation cover and richness, increase in litter, and increase in soil 

compaction when allowing mountain bikers on the trail. Mountain biking at high levels of 

use led to a greater increase in trail degradation in comparison to hiking at a level of high 

use. This occurred only at high use levels (500 paces) and at any other level the 

environmental impacts of the recreational activities remained about even (Pickering, Rossi, 

& Barros, 2011).  

Past studies have focused on trail use behavior of individual visitors as the unit of 

analysis. According to Monz, Brame, and Yoder (2000) visitors to parks typically enjoy the 

outdoors in some type of group setting. Natural areas have fallen victim of the environmental 

damage of groups and created restrictions of the size of groups (Monz, Brame, & Yoder, 

2000). A study by Monz, Brame, and Yoder (2000), found that 51% of all natural areas have 



44 

 

 

 

 

a limit on group size. This was an increase from a study by Washburne and Cole (1983) 

where 48% of natural areas had a limit in place. The slight change overtime suggests that 

group size limits might be gaining popularity among agencies of natural areas (Monz, Brame, 

& Yoder, 2000).  Consequently, there has been increased pressure from user groups for 

increased access to natural areas for recreation (Pickering, Hill, Newsome, & Leung, 2010; 

Newsome, Smith, & Moore, 2008).  

Managers have observed for years that campers in larger groups will spread out 

within sites more than smaller groups. It has been common knowledge for managers that 

larger groups have detrimental impacts on the conditions of the environment in protected 

areas. Larger groups typically bring in more foot traffic, transportation, and supplies to a 

campsite. In 1972, a study was done by the Forest Service looking at the impacts of large 

groups in the Boundary Waters Canoe Area (BWCA).  The study classified large groups as 

parties with nine or more members. The study found that larger groups stay in the natural 

area longer than smaller groups due to the fact the larger groups made up a larger proportion 

of the visitor-day use. Greater than 80 percent of the larger groups resided in the area for at 

least three nights (Lime, 1972). 

A study by Cole and Marion (1988), ecological impacts on camp and picnic sites 

were compared across three areas managed by the National Park Service. The results of the 

study demonstrated that the larger areas of impact were probably from large groups of users. 

The large groups with unaffiliated subgroups tended to spread out more than smaller groups 

consisting of relatives or friends. Overall, the study found if the environment of around the 
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campsite does not resist the expansion of groups, the campsite or picnic area will overtime 

become larger (Cole & Marion, 1988). A recent study suggested that larger groups might not 

expand an area if the area for users is an accommodating size for that group (Monz, Brame, 

& Yoder, 2000). These findings may have led some natural areas to limit the group size of 

users in a particular area.  

In a study by Olafsdottir and Runnstrom (2013), the effects of groups of hikers were 

observed. The larger groups of hikers tended to spread out over the area. The distribution of 

the larger group was disruptive to a wider area of forest rather than just the trail. The results 

of this study also found that the level of disturbance decreased with distance from the trail 

head. In addition, the dynamics of a group can also affect the amount of environmental 

impact of a group. A large group of environmentally conscious trail users might have less of 

an environmental impact than a smaller, less environmentally aware groups (Monz, Brame, 

& Yoder, 2000).  

In natural areas, some trail users are aware of trail etiquette while using the trail. 

Etiquette depends on the setting, size of the group, and the type of recreation activity. In a 

study by Schneider, Earing, and Martinson (2013), discussed the importance of trail etiquette 

that is known by most horseback riders. The study was aimed to examine the motivations and 

conflicts for horseback riders were examined using a questionnaire. Trail etiquette for trail 

riding includes leaving the dogs at home, riding in a single file line, only passing on the right, 

and putting the less experienced riders in the middle of the group. While experienced trail 

riders know this type of etiquette, some groups can venture into an area with no knowledge 
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of etiquette and this could lead to visitor conflict. Monitoring of these sites can help 

managers understand the trail behavior of different groups. The focus of this study was to 

examine the behavior of horseback riders by exploring the characteristics of groups. 

3. Methodology 

Similar to Chapter 2, data for this study were collected in the Uwharrie National 

Forest located in North Carolina. The Uwharrie National Forest covers about 51,000 acres in 

Montgomery, Randolph, and Davidson counties of North Carolina. The North Carolina 

Wildlife Resources Commission manages the National Forest for hunting, trapping, and 

fishing. In addition, the 2,575 kilometers of trails in the forest also attract hikers, mountain 

bikers, horseback riders and dog walkers. Primitive dispersed camping and off-highway 

vehicles are allowed on some sections of the Forest (U.S. Department of Agriculture, 2013).   

This study was focused on a network of trails in the Badin Lake Recreation Area. 

There are 64.37 kilometers set aside for non-motorized recreation.  The Uwharrie River and 

its tributaries run adjacent the trails. The Todd Trail, Megan Trail, Indian Trail, Home Trail, 

and the Larry Trail are the primary focus of this study. These five trails allow horseback 

riding, hiking, and mountain biking. All the trails range from 1.61 kilometers and 4.02 

kilometers in length. Figure 3 shows the camera locations used in the study.  
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Figure 3 Map of camera locations by date set up 

 

 

 

3.1 Environmental Measures 

Physical measurements of the trail conditions and observational data of the users were 

collected between May and July 2013. The point sampling method (Leung & Marion, 1999) 

was used to collect the physical measurements along the trail. Group behavior data was 

retrieved from the camera trap method (Sanderson & Trolle, 2005).  



48 

 

 

 

 

The point sampling method was adapted from Leung and Marion (1999) to measure 

the physical aspects of the trails on with a systematically located sampling points. In this 

study, measurements for this method were taken at five points along the trail: 2 meters in 

front of the camera, 50 meters from the camera, 100 meters from the camera, 50 meters 

behind the camera, and 100 meters behind the camera.  Using five points within the 200 

meter segment was sufficient for the study because the camera only captured behavior 

between the 5 and 50 meter sampling points. The behavior of the user could possibly be 

affected before reaching the camera, so sampling points extended 100 meters on either side 

of the camera along the trail to give the most encompassing description of the trail around 

each camera. The intervals were measured using a measuring wheel and pin flags were used 

to mark each sampling point. Measurements at each section were taken in the same order 

each time.  

At each sampling point the following measurements were taken: tread width, the 

maximum incision, the erosion class, and the muddiness class. A measuring tape was used to 

measure the width of the trail at each interval. The maximum incision was measured using a 

tape measure suspended the width of the trail on two metal markers at each end. A vertical 

tape measure was suspended at the lowest point across the transect from the top tape measure 

to the tread. The height of the metal marker and the length of the vertical tape measure were 

subtracted to determine the maximum incision amount on the trail. Erosion class was given 

for each sampling point along the trail. The erosion class scale was adapted from Marion and 

Leung (2011). Erosion class was broken into five levels, which specified the appearance of 
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bare soil or the appearance of loss of vegetation. Higher levels of erosion specified exposed 

roots and gullying. Muddiness class was also given for each interval along the trail. No 

previous muddiness scale existed so the author created one based on the conditions of the 

trails in the Uwharrie National Forest. Muddiness class levels specified the appearance of a 

wet or dry tread. Higher muddiness levels consisted of a tread that was completely flooded 

with standing water. Secondary trails (informal trails) were recorded if they were found along 

each interval along the formal trail.  

3.2 Behavioral Measures 

The camera trap method was used as a part of the eMammal Project. This project is 

part of a collaboration between the North Carolina Museum of Natural Science and the 

Smithsonian Institution. The eMammal project is a citizen-based science project in which 

volunteers set up and maintain camera trails in different protected areas along the mid-

Atlantic region of the United States. The use of camera traps at monitoring the movement of 

wildlife has gained popularity as the increase in technology has enabled the cameras to work 

more efficiently and effectively (Kays et al., 2009; Rowcliffe & Carbone, 2008). As the 

camera trap method has been used to monitor entire species of animals, the method could be 

transferred to monitoring groups of humans.  

The camera used for this study was a Reconyx Hyperfire PC800 with a 4-gigabyte SD 

card. Cameras were set up about knee height to capture trail users but also not disclosing the 

identity of users. A python lock was used to secure the camera around the trunk of the tree. 

Figure 2 shows a map of the Uwharrie National Forest with camera locations indicated. Two 
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on trail cameras were collected every three weeks and the photos were extracted from the 

memory cards through a memory card reader.  

A software program was used to upload the photos into the proper sequences. 

Sequences are a series of ten photos taken once a warm body was detected in front of the 

infrared camera. The eMammal program designed the software for volunteers on the project. 

The software allowed the volunteer to code each picture based on the presence of specific 

species of animals or humans. To collect the human use and behavior data, a separate excel 

spreadsheet was created to record the information gathered. Date, camera ID, trail name, 

group size, gender, age (youth or adult), activity (walking or horseback riding), number of 

horses, number of dogs, and user behavior (e. g. on trail, edge of the trail, secondary trail, or 

off trail) were all recorded in a worksheet set up in Microsoft excel. If there were dogs in the 

group, whether each dog was on or off leash was recorded. 

This second paper was intended to examine if there is a relationship between trail 

conditions and behavior of horseback rider at the group level. As such, groups were selected 

as the unit of analysis. To focus on groups with richer characteristics (e.g., group size, 

composition and behavior) we adopted the definition of groups as two or more people 

(Merriam-Webster’s online dictionary, 2014).  All 1-person groups were removed for this 

part of the study. For the study, groups were defined as recreationists within the same 

sequence. The data were aggregated from individual analysis so that the unit of analysis is 

groups. When each full body visitor appeared in the photos the initial behavior of each visitor 
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was coded as the behavior for this study. If variables were unidentifiable in the photos, the 

category was assigned an unknown value. 

Generalized Poisson distribution was used to fit the data in this study because of two 

reasons. First, the dependent variable was count data, specifically it was the count of 

individuals (unit of analysis) who engaged in a particular behavior (e.g., on trail, off trail, or 

secondary trail). Second, the standard deviations of the independent variables were greater 

than their corresponding means. Poisson regression is often used when the standard deviation 

is greater than the mean and the distribution is skewed for the given sample. The independent 

variables in this study included muddiness class, erosion class, tread width, and incision.  

Poisson regression is discrete probability distribution and it works similarly to how 

normal distribution works in absolutely continuous distributions. The Poisson regression 

models the log of the expected count as a function of the predictor variables using the 

following equation: log(E(Y | x)) = a + B1x. The “x” referred to the independent variables 

while the “Y” referred to the dependent variable. The “a” referred to the intercept in the 

model if all variables are evaluated at zero. The coefficient “B” indicated the positive or 

negative relationship between the independent and dependent variables. The Poisson 

regression coefficient can be interpreted as for one unit change in the predictor variable, the 

difference in the logs of expected counts is anticipated to change by the individual regression 

coefficient. This can only be interpreted given the other predictor variables are held constant 

(Norusis, 2008). 
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In the past, Poisson regression has been used to explain count data of natural resource 

technologies. A study by Ramirez and Shultz (2000) used the Poisson regression model to 

explain technology adoption by individual small farmers in developing countries. On a group 

level, Poisson regression was used to explain the role of different work groups on sickness 

absence behavior in a Finnish municipal organization (Vaananen, et. al, 2008). In recreation, 

Poisson regression has also been used to help explain the relationship between different trail 

variables (e.g., litter, vegetation density, etc.) and the amount of trail use while controlling 

for population density of a particular city (Reynolds et al., 2007).  

This study had three models run for on trail behavior, secondary trail behavior, and 

off trail behavior respectively. On trail behavior included both users coded on trail and on the 

edge of the trail. Models were also run for two subgroups: family groups versus adult-only 

groups and large groups versus small groups. Wald chi square test was used to determine if 

the model was significant at p < 0.05. All analysis was done using IBM SPSS Statistics 

Version 21.  

4. Results 

There were 2,187 people observed for the study and 54.2% were male with 45.8% 

female. Out of all the individuals observed, there were 707 different groups. The observed 

group size was between 1 and 19 trail users with an average group size of 3.09 (SD = 2.45). 

In addition, only the data on horseback riders were used for the rest of the analysis because 

the percentage of other user types was too low (2%). This left 591 groups of horseback riders 

for analysis out of the 707 groups observed. Figure 4 shows the frequency of group sizes 
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across all eight cameras using the standard of group size started at two people. Out of the 591 

groups, about 49.6% (n = 293) of the groups had two people whereas 4.4% (n = 26) had six 

people.  

 

 

 

Figure 4 The distribution of group sizes across the eight camera locations 

 

 

 

There were only 100 groups of horseback riders traveling alone on the trails. But, as 

mentioned before, only groups consisting of at least two people were included in the 

subsequent analysis. Table 8 shows the breakdown the group user characteristics for each 

camera location. The three camera locations with a secondary trail option are noted in the 

table first and the other five camera locations without a secondary trail option were listed 
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next. Groups that were considered family groups were identified as having at least one child. 

About 19% (n=110) of the groups were considered family groups and 81% (n=481) were 

adult-only groups. Another subgroup consisted of large groups and small groups. Large 

groups were considered 4-19 people while small groups were considered groups of three or 

less. Four people in a group was considered the cut-off point because the amount of large 

groups needed to be a large enough number to run the regression models. Due to this 

classification, there were 185 large groups and 406 small groups.  

 

 

Table 8 Group characteristics across eight camera locations 

 

 Camera Locations with 

Secondary Trail Options 

Camera Locations without a Secondary 

Trail Option 
 

Group 

Composition 

Camera

3A 

7A 23A Camera 

6A 

15A 16A 17A 20A Total 

Male Only 

Groups 

19 12 15 43 14 8 39 2 152 

Female Only 

Groups 

16 3 5 24 7 3 20 2 80 

Family 

Groups 

18 0 19 26 4 0 40 3 110 

Adult Only 

Groups 

83 31 36 142 52 15 108 13 481 

Dog Owner 

Groups 

32 13 9 52 24 7 22 5 164 

 

 

 

Poisson regression models in this analysis held group size as a constant to determine 

the number of members within each group participating in a particular behavior (i.e., on 

trail, off trail, secondary trail) regardless of the group size. Table 9 shows the Poisson 

regression for the on trail behavior of all the horseback rider groups in relation to trail 

conditions in the study. For the Poisson distribution analysis, the results show that as the 
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muddiness class increased there was a lower number of members (B = -0.225, p = 0.000) in 

each group staying on the trail. Similarly, as the erosion class increased there was a lower 

number of members (B = -0.802, p = 0.000) in each group staying on the trail. In contrast, as 

the maximum incision increased there was an increase in the number of members (B = 

8.474, p = 0.000) in each group staying on trail. However, the standard error (1.64) for the 

maximum incision was high which indicates a high amount of variability in the data. As the 

tread width increased there was also a higher number of members (B = 0.174, p = 0.062) 

within each group staying on the trail.  

 

 

Table 9 Poisson regression for on trail behavior 

 

Parameter B 

Std. 

Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) 1.737 .3172 1.116 2.359 29.997 1 .000 

Muddiness Class -.225 .0586 -.340 -.110 14.777 1 .000 

Erosion Class -.802 .2034 -1.200 -.403 15.533 1 .000 

Max. Incision (m.) 8.474 1.6384 5.263 11.685 26.749 1 .000 

Tread Width (m.) .174 .0934 -.009 .357 3.473 1 .062 

Group Size .160 .0057 .149 .171 784.542 1 .000 

(Scale) 1a       

 

 

 

Table 10 shows the Poisson regression for the number of horseback riders choosing 

the secondary trail option. As the muddiness class increased the number of members (B = 

10.437, p = 0.000) within each group choosing a secondary trail increased. Likewise, as the 

erosion class increased the number of members (B = 36.093, p = 0.000) within each group 
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choosing a secondary trail increased. As the maximum incision increased the number of 

members (B = -257.143, p = 0.000) within each group choosing a secondary trail decreased. 

Again, the high standard error shows a large amount of variability in the data for maximum 

incision. As the tread width increased the number of members (B = -16.139, p = 0.000) 

within a group choosing a secondary trail decreased.  

 

 

Table 10 Poisson regression for secondary trail behavior 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) -65.632 3.9749 -73.422 -57.841 272.626 1 .000 

Muddiness Class 10.437 .6364 9.190 11.684 268.955 1 .000 

Erosion Class 36.093 2.1983 31.785 40.402 269.579 1 .000 

Max. Incision (m.) -257.143 15.0569 -286.654 -227.632 291.660 1 .000 

Tread Width (m.) -16.139 1.0133 -18.125 -14.153 253.670 1 .000 

Group Size .178 .0153 .148 .208 135.594 1 .000 

(Scale) 1a       

 

 

 

  Results of the large and small groups revealed similar results for on trail variables. 

The other trail behaviors (secondary and off trail) did not have enough counts to complete the 

Poisson regression. Table 11 shows the results of the regression for large groups. As the 

muddiness level increased, there was a decrease in the number of members (B = -0.335, p = 

0.001) within a large group staying on trail. As the erosion level increased, there was a 

decrease in the number of members (B = -1.224, p = 0.000) within a large group staying on 

trail. As the tread width increased, there was an increase in the number of members (B = 
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0.113, p = 0.018) within a large group staying on trail. As the maximum incision increased, 

there was in increase in the number of members (B = 3.426, p = 0.000) within a large group 

staying on trail.   

 

 

Table 11 Poisson regression for on trail behavior of large groups 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) 2.850 .5699 1.733 3.967 25.013 1 .000 

Muddiness Class -.335 .1001 -.531 -.139 11.206 1 .001 

Erosion Class -1.224 .3498 -1.910 -.539 12.247 1 .000 

Max. Incision (m.) 11.241 2.7125 5.924 16.557 17.173 1 .000 

Tread Width (m.) .370 .1566 .063 .677 5.568 1 .018 

Group Size .126 .0082 .110 .142 238.525 1 .000 

(Scale) 1a       

 

 

 

Table 12 shows the results of the regression for small groups. As the muddiness level 

increased, there was a decrease in the number of members (B = -0.201, p = 0.007) within a 

small group staying on trail. As the erosion level increased, there was a decrease in the 

number of members (B = -0.690, p = 0.007) within a small group staying on trail. As the 

maximum incision increased, there was in increase in the number of members (B = 2.198, p 

= 0.001) within a large group staying on trail.  Only the tread width variable was not 

significant (p = 0.291).  
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Table 12 Poisson regression for on trail behavior of small groups 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) .735 .4258 -.099 1.570 2.982 1 .084 

Muddiness Class -.201 .0740 -.346 -.055 7.343 1 .007 

Erosion Class -.690 .2545 -1.189 -.192 7.357 1 .007 

Max. Incision (m.) 7.212 2.1119 3.073 11.352 11.662 1 .001 

Tread Width (m.) .127 .1205 -.109 .364 1.115 1 .291 

Group Size .480 .0787 .326 .634 37.223 1 .000 

(Scale) 1a       

 

 

 

The Poisson regression model was also run with family groups and adult-only groups. 

Table 13 shows the results for the Poisson regression model for on trail behavior of family 

groups. For family groups, only the Poisson model about on trail behavior was significant. 

As the muddiness class increased there was a lower number of members within a family 

group (B = -7.606, p = 0.000) staying on trail. As the erosion class increased there was a 

lower number of members (B = -26.600, p = 0.000) within a family group staying on trail. As 

the maximum incision increased there was a higher number of members (B = 191.763, p = 

0.000) within a family group of staying on trail. As the tread width increased there was a 

higher number of members (B = 11.407, p = 0.000) within a family group staying on trail. 

The maximum incision again had the largest standard error, which suggests high data 

variability.  
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Table 13 Poisson regression for on trail behavior of family groups 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) 47.469 6.4433 34.840 60.098 54.275 1 .000 

Muddiness Class -7.606 1.0539 -9.672 -5.540 52.084 1 .000 

Erosion Class  -26.600 3.6669 -33.787 -19.413 52.621 1 .000 

Max. Incision (m.) 191.763 26.2364 140.341 243.186 53.422 1 .000 

Tread Width (m.) 11.407 1.5878 8.295 14.519 51.614 1 .000 

Group Size .134 .0117 .111 .157 130.816 1 .000 

(Scale) 1a       

 

 

 

The directions of the relationships with family groups and adult-only groups were the 

same for all four of the trail condition variables. Table 14 shows the results for the Poisson 

regression model for on trail behavior of adult-only groups. For the adult-only groups, the 

Poisson regression model indicated significant results for some on trail. As the muddiness 

level increased, there was a decrease in the number of members (B = -0.171, p = 0.007) 

within an adult only group staying on trail. As the erosion level increased, there was a 

decrease in the number of members (B = -0.646, p = 0.003) within an adult-only group 

staying on trail. As the maximum incision increased, there was an increase in the number of 

members (B = 7.342, p = 0.000) within an adult-only group staying on trail. The tread width 

was the only variable in this model that was not significant (p > 0.05).   

 

 

 

 



60 

 

 

 

 

Table 14 The Poisson regression for on trail behavior of adult-only groups 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) 1.454 .3401 .788 2.121 18.281 1 .000 

Muddiness Class -.171 .0635 -.296 -.047 7.264 1 .007 

Erosion Class -.646 .2178 -1.073 -.220 8.808 1 .003 

Max. Incision (m.) 7.342 1.7670 3.879 10.805 17.265 1 .000 

Tread Width (m.) .059 .0996 -.136 .254 .354 1 .552 

Group Size .180 .0073 .166 .195 601.989 1 .000 

(Scale) 1a       

 

 

 

Table 15 shows the results for the Poisson regression model for secondary trail 

behavior of adult-only groups. As the muddiness level increased, there was an increase in the 

number of members (B = 9.125, p = 0.000) within an adult only group using a secondary 

trail. As the erosion level increased, there was an increase in the number of members (B = 

30.296, p=0.000) within an adult-only group using a secondary trail. As the maximum 

incision increased, there was a decrease in the number of members (B = -214.464, p = 0.000) 

within an adult-only group using a secondary trail. As the tread width increased, there was a 

decrease in the number of members (B = -13.599, p = 0.000) with an adult-only group 

choosing a secondary trail. Table 16. Poisson regression for secondary trail behavior of adult-

only groups 
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Table 15 Poisson regression for secondary behavior of adult-only groups 

 

Parameter B Std. Error 

95% Wald Confidence Interval Hypothesis Test 

Lower Upper 

Wald Chi-

Square df Sig. 

(Intercept) -55.743 4.2877 -64.147 -47.340 169.022 1 .000 

Muddiness Class 9.125 .6974 7.758 10.492 171.191 1 .000 

Erosion Class 30.296 2.3453 25.699 34.892 166.868 1 .000 

Max. Incision (m.) -214.464 16.0042 -245.831 -183.096 179.572 1 .000 

Tread Width (m.) -13.599 1.0782 -15.712 -11.486 159.092 1 .000 

Group Size .083 .0385 .007 .158 4.623 1 .032 

(Scale) 1a       

 

 

 

5. Discussion 

The purpose of this study was to examine the relationship between environmental 

trail conditions and the behavior of horseback rider groups by analyzing the influence of 

group characteristics. The results of the study reveal that user groups tend to be displaced due 

to worsening environmental conditions on a trail. The regression model showed that lower 

number of members within each group (regardless of group size) stayed on trail when the 

trail was very muddy or was very eroded. The results follow what would be commonly 

thought by individuals that if the trail has high conditions of muddiness or erosion that make 

it difficult to stay on trail, the user groups might be displaced from the trail (Schneider, 

2007). The study also found that a higher number of members with each group were staying 

on trail when the width of the tread was increasing. This type of behavior is logical 

considering the wider a trail is, the more people in a group the trail can accommodate (Cole, 

1993).  
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It was interesting to see that the higher the incision, the increase of the number of 

members within a group would stay on trail. This could have occurring because the incision 

on the trail might help channel groups into the trail tread until the incision becomes too deep 

with a deep side slope. Another possibility is that the incision of a trail is an attribute for 

erosion. The scale used in the study for erosion level was based around the amount of bare 

ground and vegetation exposed. Incision is another indicator of erosion. A possible reason for 

the difference in results of the two could be attributed to the possibility that several erosional 

features contribute to a higher erosion level, and different erosional features may have 

affected visitor behavior differently.   

The ability to extract group characteristics can help managers understand the group 

dynamics within the natural area. If managers can understand group behavior within an area, 

managers can try and accommodate user groups. This study broke up the group analysis into 

subgroups: family versus adult-only and large versus small. There was a little over five times 

the amount of adult only groups than family groups. As seen in past literature, groups that are 

typically unaffiliated (e.g., not close friend or family groups) tend to spread out more and 

create a higher level of environmental disturbance in an area (Cole & Marion, 1988). 

However, from the results of this study revealed that the on trail behavior of both family 

groups and adult-only groups had a similar relationships with the independent trail variables.  

The large and small subgroups revealed similar results like the family and adult-only 

subgroups. The on trail behavior revealed similar results for almost all the independent 

variables except for tread width, which was insignificant for small groups. These finding 
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contrasts with previous findings that show larger groups have detrimental effects on the 

environmental conditions of the trail (Lime, 1972). Large groups have been found to expand 

throughout an area, but in this study they behaved similarly to the smaller groups.  

While groups were clearly designated according to sequences of the photos in this 

method, it may not be directly transferable to all environments. In this study area with 

predominantly horseback riders, groups generally kept a distance from one another as to not 

spook the horses. This means that groups could be clearly defined for the study. Methods 

would need to be revaluated if the study was duplicated at a site with high volumes of traffic, 

such as urban greenways. Areas with higher volumes of traffic might have several groups in 

a given sequence, and another method for defining groups would need to be established.  

In addition, this study examined the groups based on the spatial aspects alone because 

there is not a way to indicate the social dynamics by photographic records. From a resource 

management perspective, the social dynamics could play a role in the behavior of individuals 

within a group. People who hold environmental values and ethics based on conservation 

could possibly alter the behavior of other individuals in the group. Schneider (2007) 

recommended following up with visitors to assess the difference between planned and actual 

behavior in the environment. This technique could help managers understand if visitors are 

displaced and if they could be displaced in a certain setting. This type of information could 

supplement the data gathered in the camera trap method. Further research could add 

questionnaires of environmental intentions or behavior to help explain the dynamics of 

observed group behavior.  
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6. Conclusion 

 The study found that people tend to travel to this area in groups, and this information 

can be valuable for making management decisions in the forest. Managers need to understand 

the group characteristics of the area to be able to monitor the area since individual trail riders 

made up less than a fifth of the people in the forest. While subgroups in this study did not 

show major differences with the different independent variables, additional subgroups could 

indicate differenced in behavior among groups. Combining the methods presented in this 

study with survey techniques could allow a better understanding of the group dynamics and 

group behavior of visitors in protected areas.   
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CHAPTER 4 

Conclusions 

There is a need to integrate environmental and social science components regarding 

natural resources to understand impact-causing behavior of recreationists and inform 

managers of how to handle issues dealing with trail degradation. To help integrate the 

components, managers need to approach challenges in outdoor recreation with the notion that 

issues are not purely biological (Manning, 2010). Rather, management challenges in outdoor 

recreation are multidisciplinary as they pull from both the ecological and social aspects.  

As seen in the results from early studies, increased visitors to an area could not only 

impact the natural setting, but it could also affect the quality of visitors’ experience 

(Manning, Wang, Valliere, Lawson, & Newman, 2010). In addition to increased use, the 

behavior of visitors can have an impact on the natural setting as seen in this particular study. 

Impacts to the natural setting can occur by trail degradation and further studies have 

examined the effects of this type of impact (Bright 1986; Leung & Marion 1999). Visitor 

related impacts have inspired studies in recreational ecology and social science fields, and 

ultimately led to the focus of this study (Marion & Leung, 2001; Schneider, Earing, & 

Martinson, 2013).  

The following two objectives for this study contribute to understanding of trail 

assessment and monitoring programs in natural areas: (1) by determining if individual visitor 

behavior differs in trail and social conditions and (2) examining the condition-behavior 

relationship on a group level. Some previous studies have examined the relationship between 
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the trail conditions and user behavior, but few studies have employed an image-capture 

method to collect the data. By using this new approach, more information can be collected in 

an effective manner for managers. The second objective has been studied in some previous 

studies, but overall information on group analysis is sparse in protected area research.  

Management Implications  

The findings from the first paper could add to efforts such as the eMammal Project. 

The data collection used in this study could supplement the information collected by wildlife 

monitoring programs by providing a greater understanding of the interaction between 

wildlife and humans, which is important in many ecosystems (Coppes & Braunisch, 2013).  

Connections could be drawn from the data to explain animals’ movement and the 

relationship between specific characteristics of visitor use and behavior in natural settings. 

This type of research could eventually lead to management campaigns for protecting wildlife 

while also promoting human involvement in outdoor recreation.  

For the second paper in the study, the findings from the group analysis study could 

contribute to research on trail monitoring programs in protected areas. Managers can apply 

the tools for group analysis to create signs or informational material on proper behavior on 

the trails (i.e., stay on the trails). The information could be tailored to specific user groups 

depending on the characteristics of the groups in the area. For example, if younger groups 

typically go off trail the message could be tailored to a younger audience. This could involve 

using Quick Response (QR) codes about information on the value of staying on trail, or it 

could use language that a lower reading level can comprehend.  
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Further Research 

 Further research is needed across more sites with different user groups and 

environmental conditions. This information can test the utility of the camera trap method 

across a broader scale to ensure the reliability of the method. To inspire further research, this 

study provided an example of the camera trap method on a specific site, but the lack of 

camera locations and high volume of diverse trail users meant that statistical analysis was 

limited. In addition, the application of this method should also be best across multiple 

locations to determine a universal level of sampling. For this study all the visitor information 

collected during the data collection period was accounted for, but additional research could 

determine an appropriate level of sampling needed to apply the analysis. This would aid 

managers for future applications of this study because it could cut down on coding every 

photo collected.  

Further research is also needed on information about the group dynamics of users in 

natural settings. This information would complement the observational data collected from 

the camera trap method. In addition to understanding the dynamics, written surveys could be 

employed to help explain the motives of the recreationists and allow managers to better 

understand how to manage the area. Overall, the relationship between visitor behavior and 

environmental conditions of trails are interdependent (Muhar, Arnberger, Brandenburg, 

2002). The behavior of visitor can affect environmental conditions, but the environmental 

conditions can alter the behavior of the visitor. A better understanding of these 
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interdependencies is needed to create successful visitor marketing campaigns and protect the 

natural resources of an area.  

As the demands for trail experiences increases across the United States, the 

monitoring and assessment of trails and visitors adds to the budgetary needs of protected 

areas (Olive & Marion, 2009). Research on the relationship between environmental 

conditions and visitor behavior can help will design effective and efficient methods for 

managers to deal with these pressures.  
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