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PROJECT OVERVIEW

ASSESSMENT ACTIVITIES

OREGON PARKS AND RECREATION STAFF 
INTERACTION
The Applied Trails Research team (including Kay-Linn Enterprises 
and Trail Wisdom staff) met with Smith Rock State Park Manager, 
Scott Brown, Oregon Parks and Recreation Department (OPRD) 
Planner, Julia Cogger, and Trail Coordinator, Laura Underhill, on 
March 10, 2017 to discuss previous trail management and 
challenges, as well as future desires for the continued development 
and management capacity to care for the Smith Rock State Park 
trail system and natural resources.

As related by OPRD staff, historic challenges for Smith Rock’s 
trail management included the proliferation of many informal 
trails, primarily accessing new climbing routes, some of which 
were located in raptor nesting areas. As of this date, a process has 
been used to formalize (signing and mapping, improving to a 
climbing vs. hiking standard) new access routes and trails, 
climbing access proliferation has slowed considerably, and most 
trails have been improved to the park’s standards. 

Park-led trail maintenance has also been an historic challenge. 
With just two  full-time park staff (Manager and Ranger) and two  
seasonal Ranger Assistants, staff capacity is typically limited to 
ongoing facilities and grounds management, enforcement, 
volunteer support coordination, project management, special use 
and event support, and visitor interaction. Annual inventories, 
which inform the trail maintenance planning, have been 
systemized. Weekly trail logging, which is often created while 
taking care of other duties throughout the park, also informs future 
maintenance planning. With growing levels of deferred 
maintenance, a triage approach has been adopted by the park to 
respond to the most pressing maintenance needs as they develop.
 
Partnerships have formed in an attempt to harness external 
stewardship capacity to improve maintenance of the park’s trail 
system. Climber’s access route maintenance is conducted in 
partnership with the Smith Rock Group, including the annual 
Spring Thing event which takes on 20 to 25 small projects in a 
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PROJECT OVERVIEW

single day. The Oregon National Guard’s Youth Challenge Program 
provides regular assistance. Individuals and volunteer groups (e.g. 
Central Oregon Trails Alliance and Timberline Mountain Guides) 
with significant history and some training have assisted the park on 
individual projects. Volunteer-led projects have historically focused 
on smaller maintenance issues. Larger maintenance and new 
construction projects are typically completed under contract with 
private construction entities, often combined with staff and 
volunteer assistance.

Newly emerging issues relate to the park’s fast growing visitation. 
Current annual visitation of 750,000+ is double that five years ago, 
creating pressure seen by staff to be causing more rapid trail 
deterioration that adds to the already substantial deferred 
maintenance needs of the park. With the rapidly increasing 
visitation, the park is also experiencing increased emergency calls 
for emergency response. Incident response has long been a regular 
occurrence at Smith Rock due to the number and challenge of the 
climbing routes present. The recently increased rates of incident 
response have been anecdotally related to non-climbing visitors 
suffering from heat exposure, bone breaks, or complications related 
to existing medical conditions. The increased incident response 
load further reduces time and capacity of park staff to undertake 
trail maintenance activities. With many of these incidents 
happening on the trail system, park staff have expressed the need to 
reduce response times through improved vehicle (quad) access to 
more of the park.

The park continues to forge ahead with trail improvements. New 
switchback construction was implemented on the Summit Trail 
near the top of Burma Road. Proposed additions to the Rim Trail 
and improvements to the  Wolf Tree and Homestead Trails are in 
various stages of planning and funding acquisition.
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Smith Rock State Park Existing Trail System

PROJECT OVERVIEW
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TRAIL USER IMPACTS

Smith Rock State Park has historically had unique challenges 
related to trail user impacts. The world-class climbing led to a 
proliferation of socially created climbing access routes.These 
routes were very direct (fall-aligned), steep, and underdeveloped. 
The durability of these routes was relatively low and trail user-
induced vegetation trampling, soil compaction, and soil 
displacement led first to erosion and second to trail braiding as the 
initial routes proved more difficult to negotiate than adjacent 
terrain. Many of these climber access routes have been formalized 
with steps to increase durability and reduce off-trail travel.

Secondary to the direct climbing access issues, many trail 
segments in the park are very steep, fall-aligned, and degraded. 
These trails have been developed and maintained in similar fashion 
to the climbing access routes with steps and other various wooden 
structures. The degradation of hiking and shared-use trails 
throughout the park is generally the result of water-based erosion 
rather than user-based erosion. Without trail realignments to more 
sustainable grades and/or locations, wooden structure replacement 
will be required indefinitely. Significant attempts to realign steep, 
fall-aligned trails have taken place on multiple portions of the 
Summit and Misery Ridge Trails. On the Chute Trail, tread surface 
material replacement, railing development, and paving of the upper 
portion of Canyon Trail indicates long-term tread management 
challenges related to historic, socially developed trails that will 
continue to be large maintenance burdens.

More recently, increases in park visitation by non-climbers has 
increased the number of socially created river access routes, trail 
braiding where trail treads have remained relatively informal, and 
short cutting of some developed switchbacks. Trail braiding is an 
issue on the west side of Asterisk Pass, near the Horse Ford 
between Homestead and Wolf Tree Trails, around the top of Misery 
Ridge, and on the near-water portions of the River and Mesa Verde 
Trails. Trails, including the Misery Ridge Trail and Wolf Tree 
Trails, that exhibit trail braiding and other-users created impacts 
are subject to levels of daily use sometimes in excess of 400 hiker 
passes per day (see trail counter data in appendix).

Many larger trail braiding and switchback shortcutting issues 
around the park have been mitigated through trail formalization, 
maintenance, and the development of boardwalk/bridge and step 
structures, but some individual issues persist. 
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CURRENT CONDITIONS

PHYSICAL SUSTAINABILITY
While the maintenance and management of the Smith Rock State 
Park trail system has focused on a “triage” methodology, the park’s 
soils, rock, and moisture regime provide a very durable condition 
for physical trail sustainability. Steep trail grades that are closely 
aligned with the fall line have fewer indications of water- and user-
based erosion than would be expected. Rock armoring, 
switchback, and step development have further bolstered trail 
sustinability where issues historically developed. A number of fall 
line trails have been relocated to a more contour-aligned location. 

Water-based erosion, especially when combined with increased 
visitation during snow/ice or high water periods, will continue to 
be the most pressing physical durability issue. There are very few 
water management features (i.e. rolling grade dips or knicks) on 
the park’s trail system. Numerous segments of trails within the 
upper portions of the park’s watersheds are beginning to develop 
small erosion rills in the center of the tread. Longer segments of 
the trail system on the lower portions of the watershed, where soils 
have a higher silt content, have compacted below the surrounding 
terrain. In both cases the presence of water running or ponding on 
the trail combined with trail use during wet conditions is beginning 
to result in erosion or degraded trail conditions. On steeper, upper 
watershed trails, the result is often a less consolidated trail tread 
that increases the odds of users slipping on the trail. On flatter, 
lower watershed trails, the result is muddier trail conditions that 
increases the probability of trail braiding.

Water channelization is occurring on many of the wooden 
structures throughout the park’s trail system. On steps, water 
flowing within the step structure during rain or snow melt events is 
undercutting of the steps. On segments of trail that are bordered by 
single panel crib walls, water is allowed to build in volume and 
cause erosion directly outside the cribbed sections, even with very 
low trail gradients. In many cases, step structures only allow for 
single file use and bidirectional travel is resulting in a parallel 
social trail, vegetation trampling, and the beginnings of erosion.

5
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CURRENT CONDITIONS

SOCIAL SUSTAINABILITY
The recent dramatic increase in Smith Rock State Park visitation 
has resulted in numerous challenges for the Park staff. Visual 
assessment during the field period (and park staff concurrence) 
indicates that much of the increased visitation is a more casual, 
less prepared demographic than the traditional climbing visitor. 
These less prepared visitors often do not navigate well by maps 
and require greater levels of interpretation for a safe and  
appropriate experience.

Formal parking areas are regularly over capacity, resulting in 
bumper-to-bumper parking along the entrance road, a full overflow 
grass parking area, and the need for staff to place “park full” 
roadside signs along the entrance road. Accessing trailheads from 
the road shoulder and overflow parking requires visitors to walk in 
the traffic lanes of the narrow entrance road to access the trailheads 
while drivers are searching for open parking spots and not likely 
watching for pedestrians. This situation is a known hazard, at 
worst, and a negative beginning or end to a visitor’s Smith Rock 
experience, at best.

The parking areas are well-developed, with trailhead kiosks, maps, 
and helpful, consistent park messaging. Both trail system 
entrances, at the Main Entrance/Welcome Center/Parking 
Trailhead and Homestead Trailhead funnel visitors quickly to very 
steep Chute and Homestead Trails.  This results from current 
signage placement, a lack of signs that direct visitors toward less 
strenuous trails, and the lack of connectivity to the park’s less 
strenuous trails. 

The parking capacity and trail access challenges, combined with 
the signage placement and trail connectivity issues for less 
strenuous trails encourage visitors, especially the more casual 
users, into uncomfortable or inappropriate experiences. This may 
be a significant driver for many of the incidents that the park has 
experienced with casual visitors in recent years. 
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CURRENT CONDITIONS

MANAGERIAL SUSTAINABILITY
The very small staff and very high visitation, combined with an 
early history of unsustainable trail development has left the trail 
management in “triage” status according to park managers. A large 
amount of attention to issues is apparent throughout the park. The 
development of partnerships is reported by staff to be a significant 
improvement meeting maintenance needs, but not to the extent the 
park is able to reach what it feels is a maintainable trail system.

Much of the trail maintenance that has been completed to-date has 
succeeded in keeping visitors mostly on defined routes and 
mitigated the immediate erosion or trail braiding issues. However, 
the material choices and implementation procedures on much of 
these trail reconstruction projects do not reflect best practices. The 
most pressing issues include: 

• Dimensional lumber used for buttressing backslopes and 
earthen steps. This material does not have adequate 
structural capacity for this use and is failing or has failed in 
many locations. 

• Rebar and stakes are used in various ways to pin steps or 
single board retaining walls, but have become exposed over 
time with the slumping of these structures, creating a 
tripping and/or puncture hazard. 

• Spans between stringers on bridge structures are too broad, 
resulting in regular breaking of deck boards. 

• Many stairs are constructed too narrow for bidirectional 
traffic, leading to parallel “yield area” trampling and 
erosion.

More recent trail relocations have been moderately successful at 
removing fall-aligned and braided trail segments and replacing 
them with contour-aligned trail. Switchbacks on the Summit Trail 
are too tight and closely stacked. Shortcutting is already occurring. 

Significant braiding is occurring near the Homestead/Wolf Tree 
horse ford, the west side of Asterisk Pass, the south portion (and 
other smaller segments) of Canyon Trail, and the top of Misery 
Ridge. In each of these locations, the trail tread is not well defined 
or located, causing visitors to select a preferred route.

7
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Trail redevelopment priorities can be prioritized by risk management needs, natural resource impact concerns, 
and/or visitor experience and access desires. The following prioritized recommendations illustrate trail actions 
and the resultant trail system. 
 
High Priority 

• The Rim Trail extension and associated access to the Homestead Trailhead cul-de-sac, overflow parking 
and roadside parking are needed to improve visitor experience and access. This improvement will 
address the risk management situation related to heavy pedestrian use on the park road, provide a more 
accessible, engaging and less strenuous trail experience, and reduce congestion.

• Reconfiguration of the Burma Road/Summit Loop Trail interface is needed. The work completed via  
hand construction on the Forest Service lands at this interface was poorly implemented and is not 
addressing resource impact or visitor use concerns. An alignment as depicted in the map below would 
eliminate two switchbacks, improve visitors’ experiences, and increase the ability to manage users away 
from the closed social trails above the wildlife closure and cliffs. This trail alignment provides a more 
direct connection to the Summit Loop trail and does not direct visitors to the saddle and cliff tops, which 
contain numerous attempts to close social travel routes.  

• Wooden structures require updates as these features “age out.”  Where inside tread edge retaining walls 
are leaning into the trail, they should be removed and replaced with a natural backslope that blends to 
the hillslope above. Where outside edge crib walls are failing, they should be replaced with multi-
layered, battered rock or 8x8 crib walls. Wooden steps that are failing should be replaced with either 
rock steps or full crib step structures with 8x8 members. Steps, puncheon, and bridge decking should be 
replaced with rough cut, true dimension (3”) material or two layers of dimensional decking. Spans 
between stringers on bridges should not exceed 30 inches in any reconstruction. On ATV access routes, 
these structures should be constructed to provide at least 12 additional inches of clearance beyond the 
width of the ATV. These improvements will mitigate hazards related to these manmade structures.

ATTACHMENT 4

ATTACHMENT 4

8x8 crib steps- typical Stone retaining wall- typical
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Creation of a rim-proximal 
extension of the Rim trail to 

connect the visitor center to the 
cul-de-sac and associated 
parking areas is strongly 

recommended. This access will 
improve visitor experience and 
access, while eliminating the 

need for visitors to walk on the 
main road to access trails and 

parking areas.

Reconfiguration of the trails at 
the Burma Rd and Summit 

Loop Trail junction is highly 
recommended. The 

configuration shown reduces 
the number of switchbacks and 
discourages continued social 
trail use along the brow of the 
ridge above the trail. By taking 
users off the back of the ridge, 

their interface with the cliff tops 
and closed social trails will be 

minimized.

REDEVELOPMENT RECOMMENDATIONS

Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus

DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and
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Moderate Priority 
• Asterisk Pass improvements are needed to mitigate impacts associated with the numerous visitor created 

and climber access trails. The recommended improvement/formalization will provide looping 
opportunities and access for a variety of hiking itineraries, and will curb future social trail development. 
An option to accommodate less adept trail users could be the installation of a via-ferrata style route. 
This trail type is new to the OPRD trail system and will need to be weighed with other options prior to 
installation. Please see Appendix A pages (Trail Difficulty Specifications- Via Ferrata) for a description 
and examples of this trail style.This will improve safety crossing over the boulders, create a destination 
feature for moderately experienced visitors, and potentially reduce congestion on Misery Ridge.

• River Trail reroutes are needed around high water areas. Along the River Trail, one significant reroute is 
needed near the junction with the Asterisk Pass social trail, as are smaller relocations between the Mesa 
Verde and Summit Loop Trail junctions with the River Trail. These will be challenging to construct due 
to steep and rocky slopes adjacent to the current trail alignments, but will mitigate parallel trail creation 
and persistent muddy conditions during seasonal high water events.   

• Homestead Trail is currently (Spring 2017) receiving much needed rock armoring along steeper portions 
of its route. The social trails and associated navigational issues near the existing horse ford are 
impacting natural resources and visitor experiences. A suggested route to connect across the river with a 
second bridge would provide additional less strenuous loop opportunities, improve access to the Student 
Wall, Wolf Tree and Burma Rd Trails, and reduce congestion along the river corridor. 

REDEVELOPMENT RECOMMENDATIONS

Numerous visitor created and 
poorly aligned trails exist on 
both sides of Asterisk pass. 
Closure and rehab of these 
routes will eliminate erosion 

and impacts to the River Trail 
associated with this braiding. 

Formalization and 
improvement of the access trails 

on either side of the pass will 
enhance visitor access and 

experiences while reducing the 
demand for social routes. A 

“via-ferrata” route through the 
pass to connect these trails 
would further enhance and 

diversify the visitor experience 
while mitigating impacts 

associated with multiple visitor 
created routes currently utilized.Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, CNES/Airbus

DS, USDA, USGS, AEX, Getmapping, Aerogrid, IGN, IGP, swisstopo, and
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REDEVELOPMENT RECOMMENDATIONS

A short relocation of the River 
Trail to an upslope location will 

improve access during 
seasonally high water. Similar 
opportunities exist along the 
River Trail between the Mesa 
Verde and Summit Loop Trail 
Junctions. Rocky and steep 

terrain adjacent to the existing 
alignment will make these 

reroutes challenging but not 
impossible to implement. 

 Closure of several existing 
social and formal trails in the 
horse ford area will improve 
visitor experience through 
improved navigability and 
reduce impacts to natural 

resources. The creation of a 
single looping trail will reduce 

the number of junctions, 
mitigating the nodal impacts 

associated with the intersections 
of rim-proximal trails. On the 
lower trails, abandonment of 

several user-created trails, and 
replacement with new trails 

connecting towards the Student 
Wall area via a bridge across 
the river will improve trail 

circuitry. 
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Lower Priority  
• Continue the closure of social trails throughout the park. These routes should be evaluated against trail 

and climber access needs and desires, and either closed and rehabilitated, or formalized as part of the 
trail systems. Priority for closure should be given to routes with steep gradients, fall-aligned trails, and 
trails that provide access to or impact sensitive natural resources. If formalized as part of the maintained 
trail network for climbing access, these trails should be signed as climber access routes to deter casual 
use, reduce congestion, and improve safety at climbing base areas. 

• North Point Trail improvements are needed to reduce nodal impacts at junctions and overlooks. An 
improved trail configuration that eliminates junctions and decision points will reduce the footprint of 
these impacts to the vegetation and soils on the plateau. Increased formalization of overlooks will help 
to contain user impacts and provide opportunities for increased interpretation and education of park 
visitors. 

REDEVELOPMENT RECOMMENDATIONS

ATTACHMENT 4

ATTACHMENT 4
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REDEVELOPMENT RECOMMENDATIONS

Smith Rock State Park Priority Actions
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REDEVELOPMENT RECOMMENDATIONS

Smith Rock State Park Retrofit ATV Access
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REDEVELOPMENT RECOMMENDATIONS

Smith Rock State Park Retrofit Trail System
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Smith Rock State Park has a generally good risk management 
program that includes: 

• Rating and marking of Most Difficult trails.
• Rattlesnake warning signs, which are particularly good 

because rattlesnakes are not that common in central 
Oregon. 

• Cougar warning sign with most recent sighting noted .
• Trail closures and/or warning signs are well placed and 

obvious for excessive ice in winter months.
• Trail issues are identified and mitigated in a timely manner 

to the extent possible by park staff and volunteer partners. 

Goals of a more robust risk management program may include: 
• Better information sharing with park visitors to help them 

find their desired/appropriate trail experience. 
• Reduction of number incident response/search and rescue 

incidents and improved ability of injured person extraction 
from the park. 

• Better system for inspection of built structures to predict 
failures before they happen. Formal training for structure 
inspection and reporting could allow volunteers to engage 
more productively and assist park management. 

Recommendations: 
• Develop a trail difficulty rating system with more defined 

metrics and measurements for different trail difficulties. 
Subsequently rate every trail based on that system and 
mark trails accordingly. This will help users better find the 
trail experience they desire, which may help reduce 
incidents and search and rescue operations. Develop a new 
main kiosk locations at the top of Chute- Canyon Trail 
junction with this rating system and photos of each trail 
difficulty level. Consider for the Most Difficult trails a “Is 
the trail right for you?” sign with better explanation of 
what to expect. 

 
• Cantilevered boardwalks on the River Trail are 

problematic. Frequent deck board failure is occurring as 
evidenced by broken deck boards and replacements stored 
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underneath these structures. This recurring hazard is 
predictable, as these structures are under-designed with 
stringer spans that are too wide. Removing the deck boards 
and adding a center stringer for better support would be 
difficult at this point. An easier solution would replace all 
decking with stronger, more suitable material such as rough 
cut, full dimension 3x6 deck boards. These materials must 
be custom ordered but would be a good solution for 
bridges, boardwalks and step structures on climbers’ access 
and other steep trails. Alternatively, an additional layer of 
deck boards could be fastened to these boardwalks with 
commercially available 2x6 material, which would provide 
3.5” of decking. Increased height in this case may require 
reworking approaches onto and off of each boardwalk. 

  
• Identify and mitigate exposed rebar or other metal material 

hazards that could cause puncture wounds in the event of a 
trail user trip and fall. The easiest solution will be to utilize 
volunteer labor to pound all of these flush using sledge 
hammer. 

• Better and more delineated, managed, and maintained 
climber/high line access routes. Where an access route 
leaves a system trail, sign the access route to reduce the 
duty of care for these facilities and regulate non-climbing 
use. There is no need for additional signs at junctions 
between climbing access routes branches higher in the 
terrain. 

• Change the location of the most important and temporary 
trail user information away from the main/large kiosk at the 
top of the hill and move to a separate location (kiosk) 
closer to the foot bridge. Important information is being 
lost in the crowded main kiosk and the lack of visual 
interpretation of the potential trail experiences, both on 
signs and physically in front of visitors, makes appropriate 
experiential choices more difficult. 
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• Develop an inventory system for all major wood structures 
such as bridges, boardwalks and wooden step structures. 
Assign each feature an inventory number, and develop a 
digital file to maintain inspection records. Develop a form 
for formal inspections and set an annual inspection 
schedule for these structures. Train staff and key volunteers 
how to inspect, record, and enter data into digital files. 
Additional, informal regular inspections are as simple as 
examining the structure and noting any changes, especially 
after precipitation or snow melt events. The goal is to 
predict and prevent failures of structures with regular and 
documented monitoring, which will help to track frequency 
and recurrence issues and inform more durable structure 
design.
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APPENDIX A: TRAIL DIFFICULTY SPECIFICATIONS



Trail Type Name: Frontcountry, Barrier-Free
Difficulty Rating: Easiest
Difficulty Symbol: White Circle

Typical Tread Width: 36”-72” (Sufficient 
clearance for ATV in all cases)
Typical Corridor Width: 60”-96” 
Tread Rugosity: Low, generally smooth and even

Average Gradient: <5%
Maximum Sustained Grade: 7%
Maximum Grade: 8%
Typical Tread Materials: Cut and fill at grade 
compacted crushed stone (6” lift of 1/2”-) with sub-
base, as needed. 
Sideslope Steepness: Flat to 20%, may need 
retaining walls if slope is greater

Turn Radius: Wide and open
Trail/Structure Formality:  Formal, 90” minimum 
width
Wet Area Crossing Formality: Formal bridges for 
minor/major crossings
Duty of Care: High
User Profile: Accessible and inviting to all users
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TRAIL DIFFICULTY SPECIFICATIONS

-

FULLY COMPACTED BENCH:  ALL WEATHER SURFACE NTS

PLAN DETAIL
X

TREAD WIDTH VARIES, 
36” MIN. , 72” MAX
USE TREES AS ANCHOR POINTS 
FOR TRAIL CORRIDOR
TREAD SURFACE: CRUSHED STONE 
(<1/2”) WITH SUB-BASE WHERE 
NECESSARY, MECHANICAL 
COMPACTION

USE NATURAL ROCK ANCHORS 
AND/OR IMPORTED ROCK 
(FROM SITE) TO CONTROL 
TRAIL TREAD WIDTH

36” - 72”

1-3%

PLAN DETAIL: BARRIER-FREE TRAIL TYP.
1.1

1.2
SECTION DETAIL: BARRIER-FREE TRAIL TYP.

CROWN FOR DRAINAGE IN BOTH 
DIRECTIONS OFF TREAD SURFACE

36” - 72”

TREAD SURFACE: CRUSHED STONE 
(<1/2”)  MECHANICAL COMPACTION

CROWN FOR DRAINAGE IN BOTH 
DIRECTIONS OFF TREAD SURFACE

ADD SUB-BASE WHERE NECESSARY,

USE NATURAL ROCK ANCHORS 
AND/OR IMPORTED ROCK 
(FROM SITE) TO CONTROL 
TRAIL TREAD WIDTH



 

Trail Type Name: Frontcountry, Natural Surface  
Difficulty Rating: Easy
Difficulty Symbol: Green Circle

Typical Tread Width: 36”-50” (Sufficient width 
for ATV travel in most cases)
Typical Corridor Width: 60”-72” 
Tread Rugosity: Relatively smooth, some roots or 
rocks, protrusions <4” above trail tread

Average Gradient: <7%
Maximum Sustained Grade: 10%
Maximum Grade: 12% for short distances
Typical Tread Materials: Natural surface with 
surfacing amendments where necessary 
Exposure Factor: Low, sideslopes flat to 45%

Turn Radius: Wide and open
Structure Formality:  Formal, 48” minimum 
width, 6” maximum height
Wet Area Crossing Formality: Formal bridges for 
minor/major crossings, 60” minimum width
Duty of Care: Moderate
User Profile: Open to all users, little outdoor 
experience necessary

TREAD WIDTH 

VARIES: MIN. 36”, 

MAX. 50” 

36” - 50” 

TREES AS ANCHORS, 

NOT LESS THAN 50” 

CORRIDOR 
TRAIL TREAD SURFACE, 

MECH. COMPACTION 

W/DGA WHERE 

NECESSARY  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

FOLLOWING TREAD CONSTRUCTION 

STONE/UNDERSTORY 

TRAIL ANCHORS, NOT 

LESS THAN 36” 

3-7% 

  2.1 

PLAN DETAIL: FRONTCOUNTRY TRAIL- TYP. 

N.T.S 

36” - 50” 

TRAIL TREAD SURFACE, 

MECH. COMPACTION 

W/DGA WHERE 

NECESSARY  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

FOLLOWING TREAD CONSTRUCTION 

3-7% 

 

 

EXISTING GRADE 

 
2.2 

SECTION DETAIL: FRONTCOUNTRY TRAIL- TYP. 

N.T.S 

SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL DIFFICULTY SPECIFICATIONS



Trail Type Name: Backcountry 
Difficulty Rating: Moderate 
Difficulty Symbol: Blue Square

Typical Tread Width: 24” - 36”
Typical Corridor Width: 36”- 48” 
Tread Rugosity: Moderate, with some rock and 
root protrusions <6” above trail tread

Average Gradient: < 10%
Maximum Sustained Grade: 13%
Maximum Grade: 20% or less for short distances
Typical Tread Materials: Mostly natural surface 
(native soils) with some rock. Some loose material 
possible 
Exposure Factor: Low to moderate, flat to 45% 
slopes

Turn Radius: Tight turns with possible 
switchbacks
Structure Formality: Moderate, 36” minimum 
width, 12” maximum height
Wet Area Crossing Formality: Armored crossings 
at grade where possible, bridges less formal with 
low level engineering
Duty of Care: Low
User Profile: Open to all users, but some trail 
experience and fitness recommended

 T R A I L  S P E C I F I C A T I O N S

TREAD WIDTH 

VARIES: MIN. 12”, 

MAX. 36” 

12” - 36” 

TREES AS ANCHORS, NOT LESS 

THAN 36” CORRIDOR 

TRAIL TREAD SURFACE, 

MECH. COMPACTED  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

STONE/UNDERSTORY 

TRAIL ANCHORS, NOT 

LESS THAN 12” 

3-7% 

 

 3.1 

PLAN DETAIL: BACKCOUNTRY TRAIL TYP. 

N.T.S 

PROTRUSIONS IN TRAIL 

TREAD LESS THAN 6” 

 

 
3.2 

SECTION DETAIL: BACKCOUNTRY TRAIL- TYP. 

N.T.S 

12” - 36” 

TRAIL TREAD SURFACE, 

MECH. COMPACTION  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

FOLLOWING TREAD CONSTRUCTION 

3-7% 

EXISTING GRADE 

TREES AS ANCHORS, NOT LESS 

THAN 36” CORRIDOR, 12” FOR 

ROCK/UNDERSTORY 

BACKSLOPE BLENDS WITH EXISTING 

GRADE, NOT TO EXCEED 1:1 

SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL DIFFICULTY SPECIFICATIONS

24” -36”

24” -36”



Trail Type Name: Backcountry 
Difficulty Rating: Difficult
Difficulty Symbol: Black Diamond

Typical Tread Width: 12” - 36”
Typical Corridor Width: 36”-48” 
Tread Rugosity: High, with regular protrusions up 
to 12”

Average Gradient: 15% or greater
Maximum Sustained Grade: 20%
Maximum Grade: 25%, may be common and for 
longer distances
Typical Tread Materials: Native soils with 
significant rock tread, loose material common 
Exposure: High to Extreme, 45 - 100% slopes

Turn Radius: Tight turns with possible 
switchbacks
Structure Formality: Low formality, <36” in 
width, up to 16” height with steps constructed of 
rock or wood
Wet Area Crossing Formality: Armored crossings 
at grade where possible, bridges less formal with 
low level engineering
Duty of Care: Low
User Profile: Experience and a high level of fitness 
are required. Due to trail difficulty and exposure 
factors, this trail is not recommended for people 
with low fitness, higher than normal reaction to 
exposure and heights or those not prepared to 
undertake a hike of this difficulty level. 

 T R A I L  S P E C I F I C A T I O N S

TREAD WIDTH 

VARIES: MIN. 12”, 

MAX. 36” 

12” - 36” 

TREES AS ANCHORS, NOT LESS 

THAN 36” CORRIDOR 

TRAIL TREAD SURFACE, 

MECH. COMPACTED  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

STONE/UNDERSTORY 

TRAIL ANCHORS, NOT 

LESS THAN 12” 

3-7% 

 

 3.1 

PLAN DETAIL: BACKCOUNTRY TRAIL TYP. 

N.T.S 

PROTRUSIONS IN TRAIL 

TREAD LESS THAN 6” 

 

 
3.2 

SECTION DETAIL: BACKCOUNTRY TRAIL- TYP. 

N.T.S 

12” - 36” 

TRAIL TREAD SURFACE, 

MECH. COMPACTION  

LEAF LITTER TO COVER ALL 

BACKSLOPE AND SPOILS 

FOLLOWING TREAD CONSTRUCTION 

3-7% 

EXISTING GRADE 

TREES AS ANCHORS, NOT LESS 

THAN 36” CORRIDOR, 12” FOR 

ROCK/UNDERSTORY 

BACKSLOPE BLENDS WITH EXISTING 

GRADE, NOT TO EXCEED 1:1 

SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL DIFFICULTY SPECIFICATIONS

4.1

4.2



Trail Type Name: Climber Access 
Difficulty Rating: Extremely Difficult
Difficulty Symbol: Double Black Diamond

Typical Tread Width: Not applicable, typical trail 
tread may not be present
Typical Corridor Width: Not applicable 
Tread Rugosity: High, frequent irregularities are 
constant and may require scrambling

Average Gradient: 25% and steeper
Maximum Sustained Grade: 40% or steeper
Maximum Grade: Some vertical sections requiring 
light scrambling and Class 3 climbing
Typical Tread Materials: Mostly rock and 
constructed steps 
Exposure Factor: Extreme, Slopes of 50% to 
nearly vertical

Turn Radius: Tight turns with possible 
switchbacks
Structure Formality: Low formality, 36 minimum 
width, steps with 12” heights common, potential for 
via ferrata/rungs to aid in scrambling
Wet Area Crossing Formality: Armored crossings 
at grade where possible, bridges less formal with 
low level engineering
Duty of Care: Low
User Profile: Climbers and very adventurous hikers 
with some level of climbing skill and a high level of 
fitness and preparedness. 

 T R A I L  S P E C I F I C A T I O N S

SMITH ROCK STATE PARK  
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TRAIL DIFFICULTY SPECIFICATIONS
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VIA FERRATA

The suggestion of a Via Ferrata for Asterisk Pass as part of a Trail 
Assessment and Management Recommendations Plan for Smith Rock is 
understandably controversial. Research on the website Traditional 
Mountaineering (http://www.traditionalmountaineering.org/) yielded 
reports of experienced climbers falling and incurring injuries from falls 
from Asterisk Pass. A 2013 report noted a 17-year old climber falling on 
the descent on the west side. The same website had a report of a very 
experienced climber who fell to his death on the class 4 down climb 
scramble to access climbing routes behind the Field Station house. 
Descending accidents are common in climbing and mountaineering. 
Providing for a Via Ferrata would improve safety by providing better foot 
and hand holds in the form of metal rungs but also a clip in point (rungs or 
cable) for those who choose to use that added element of safety. 

The east side of Asterisk Pass is easier to negotiate than the west side and 
this can have an effect of enticing visitors to attempt to scramble up and 
over the pass. Descending is always more difficult than ascending and 
finding the exact and best route can be a challenge. Via Ferrata style steps 
(metal rungs) clearly define the desired pathway, increasing safety while 
reducing overall impacts.

Climber access routes at Smith Rock and elsewhere are not just used by 
climbers, but are also used by adventurous hikers and trail runners. 
Structures such as elevated metal and wood steps are common on Smith 
Rock climber access routes, and are effectively and appropriately being 
managed as higher skill level trails. Trail structures, whether on formal 
trails or climber access routes, better manage park visitors and help to 
reduce the overall visitor use-related impacts on the landscape. 
 
Rung steps and other Via Ferrata structures should be viewed in a similar 
fashion to other step structures found at Smith Rock.  Metal rung steps 
and hand assist holds have already been placed in the park in Cocaine 
Gully and Rope de Dope areas. Well designed and installed metal rung 
steps will have a working lifespan of 100+ years, significantly longer that 
any wood structure steps found in the park and thus such an installation 
will not be a maintenance burden.

Climbers will be the most impacted and likely most vocal user group on 
this idea and some outreach and feedback channel should occur before 
any installation. Climbers are an active group assisting Smith Rock with 

http://www.traditionalmountaineering.org/
http://www.traditionalmountaineering.org/
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VIA FERRATA

special projects within the park, especially in regards to development, 
improvement and maintenance of climber access routes. That same group 
could be very helpful for the installation of rung steps should the park 
decide to move forward with this proposed installation. 

Developing a formal Via Ferrata in the form of metal rung steps up and 
over Asterisk pass does not change the overall management of this route. 
It still would remain a “climbers access route” as opposed to a primary 
trail and thus the duty of care is low from a risk management standpoint. 
Such development would however improve safety of this route for 
climbers as well as other adventurous park visitors.  
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TRAIL COUNTER SUMMARY

SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

Counter Summary 
Four trail counters were installed at Smith Rock State Park in the autumn of 2016. These counters 
document trail use volumes from September 2016 through February 2017. Information about counter 
locations, dates of operation, modes of recreation use counted, notes on data quality, and summaries of 
trail use patterns are provided in the following counter-specific sections. 

Overall, September was the busiest month when measured by the total number of trail counts per month.  
For three of the four counters, the busiest day of the counting period occurred in September.  For all 
counters, the busiest day was a weekend day.   

The 85th percentile day, in terms of total number of trail counts per day, can be used to represent a 
“typically busy” day. “Typically busy” days are useful for planning and management purposes as they 
represent high-use but exclude unusually or irregular high-use conditions.  For the four counters at Smith 
Rock, 85th percentile days were distributed throughout the data collection period and on both weekend 
days and weekdays. 

The busiest monthly average hour identifies the busiest hour of the day for weekend days and weekdays 
averaged across each month for which data are available.  It provides a measure of the times of during 
the day, week, and year that are typically busiest.  For all four counters, these times were between 11:00 
and 14:00 on weekends.  For three of the four counters, they occurred in September.  The busiest 
monthly average hour for the Wolf Tree counter occurred in November. 

 
BUSIEST DAY 85TH PERCENTILE DAY 

BUSIEST MONTHLY 
AVERAGE HOUR 

FOOTBRIDGE Sunday, 9/4/16 
4,076 counts 

Saturday, 3/4/17 
1,380 counts 

11:00 on weekends in 
September 

313 counts/hour 

MISERY RIDGE Sunday, 9/4/16 
1,522 counts 

Wednesday, 9/7/16 
443 counts 

11:00 on weekends in 
September 

122 counts/hour 

RIM VIEWPOINT Saturday, 9/24/16 
256 counts 

Tuesday, 8/16/16, 
Wednesday, 9/28/16 & 

Friday, 11/25/26 
122 counts 

12:00 on weekends in 
September 

25 counts/hour 

WOLF TREE Saturday, 10/22/16 
441 counts 

Sunday, 11/2716 
135 counts 

13:00 on weekends in November 
36 counts/hour 
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Footbridge 
44.368069 Latitude 

-121.139279 Longitude 

Tuesday, 8/30/16 Start Date 

Sunday, 3/12/17 End Date 

Ped. In & Ped. Out Channels 1 & 2 

Bike In & Bike Out Channels 3 & 4 

Not Used Channels 5 & 6 

 

Summary 

Nearly all trail counts at Footbridge were 
generated by pedestrians. Trail counts 
were highest in September and declined 
steadily throughout the autumn and into 
the winter, until February when trail 
counts increase notably over December 
and January levels. 

Daily trail counts peaked at just over 
4,000 counts on Sunday, 9/4/16. Trail 
count volume exhibited a weekly cycle 
with peaks on weekends and 
comparatively lower volumes on 
weekdays. 
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TOTAL 
TRAIL 

COUNTS 
PED. 

COUNT. 
BIKE 

COUNT 
SEPTEMBER, 2016 46,008 45,522 486 

OCTOBER, 2016 35,514 35,177 337 
NOVEMBER, 2016 29,118 28,864 254 
DECEMBER, 2016 8,878 8,831 47 

JANUARY, 2017 5,302 5,283 19 
FEBRUARY, 2017 14,380 14,307 73 
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Saturdays were always the busiest day of the week, averaging 2,000 or more counts per day during the 
autumn. Sundays were typically the second busiest day of the week. In December, trail counts for 
weekend days and weekdays were more similar than they were in other months. 

Footbridge – Average Trail Count by Month and Hour of Day by Weekdays 
vs. Weekend Days 

 

 Weekdays 
 

9/16 4 15 36 77 117 152 143 127 108 98 105 88 64 49 16  
10/16 2 5 16 42 77 107 97 92 95 81 85 70 47 12 1  
11/16 3 8 14 38 64 87 94 87 95 81 61 34 12 3 0  
12/16 0 1 3 7 13 28 47 43 46 32 17 3 0 0 1  

1/17 0 0 1 3 7 11 15 17 16 13 9 5 1 0 0  
2/17 1 2 3 9 22 38 40 54 44 33 25 14 3 0 0  

                 
 Weekends  

9/16 11 30 73 172 253 313 279 263 256 213 190 157 117 84 25  
10/16 7 28 76 116 166 204 191 204 209 170 188 130 81 31 3  
11/16 10 28 69 123 175 216 228 237 229 189 158 105 22 4 1  
12/16 1 5 6 18 28 50 65 75 62 51 30 3 0 0 0  

1/17 1 3 3 8 20 54 52 66 56 48 32 6 2 0 0  
2/17 2 5 16 40 86 125 148 161 169 136 100 66 13 2 1  

 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00  
 Hour of Day  
                 

 

Trail counts were highest during the late morning to mid-day on weekend days in the autumn.  Trail 
counts on February weekend days were similar to weekday trail counts in September. Generally, trail use 
began in the 6:00 and 7:00 hours. Trail use end time typically followed sunset times. 
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Misery Ridge1 
44.370157 Latitude 

-121.139123 Longitude 

Friday, 7/29/16 Start Date 

Friday, 3/10/17 End Date 

Ped. In & Ped. Out Channels 1 & 2 

Not Used Channels 3 & 4 

Not Used Channels 5 & 6 

 

Summary 

The Misery Ridge trail counter collected 
data on pedestrians only. Trail counts 
were highest in September and declined 
steadily throughout the autumn and into 
the winter. 

Daily trail counts peaked at just over 
1,500 counts on Sunday, 9/4/16. Trail 
count volume exhibited a weekly cycle 
with peaks on weekends and 
comparatively lower volumes on 
weekdays. 

 

 

1  From July 29th through August 15th counter data exhibit zero or other values that do not represent 
typical trail use. It is believed that the counter and its data recording and downloading processes 
malfunctioned. Consequently, August, 2016 is excluded from the data summaries presented here. 
Additionally, February 2017 is excluded due to a disturbance in the counter placement.  
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TOTAL 

TRAIL COUNTS 
SEPTEMBER, 2016 15,620 

OCTOBER, 2016 9,443 
NOVEMBER, 2016 8,475 
DECEMBER, 2016 2,505 

JANUARY, 2017 1,195  
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Saturdays were typically the busiest day of the week, averaging nearly 1,000 counts per Saturday in 
September and more than 500 per Saturday in October and November. Sundays were typically the 
second busiest day of the week. Mondays in September were comparatively busy, with count levels 
nearing those on Saturdays in October and November. 

Misery Ridge – Average Trail Count by Month and Hour of Day by 
Weekdays vs. Weekend Days 

 

 Weekdays 
 

9/16 3 3 10 26 42 50 47 40 38 33 26 25 22 10 3  
10/16 1 1 4 7 20 27 26 24 24 24 18 15 9 2 0  
11/16 2 5 4 9 19 26 32 31 29 25 15 6 2 0 0  
12/16 0 0 1 2 4 8 15 13 13 9 4 0 0 0 0  

1/17 0 0 0 0 1 2 3 5 2 4 3 1 0 0 0  
                 
 Weekends  

9/16 9 9 21 65 96 122 115 107 105 75 63 53 33 23 8  
10/16 3 9 15 26 46 68 67 75 61 56 51 25 13 3 0  
11/16 6 7 14 26 52 71 74 75 69 54 34 17 4 1 0  
12/16 0 2 2 3 8 11 18 24 18 11 6 0 0 0 0  

1/17 0 1 1 3 3 8 15 15 17 8 5 1 0 0 0  

 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00  
 Hour of Day  
                 

 

Trail counts were highest during the late morning to mid-day on weekend days during the month of 
September. Weekday trail counts from the autumn were typically higher than weekend day trail counts 
recorded during the winter. Generally, trail use begins in the 6:00 and 7:00 hours. Trail use end time 
typically followed sunset times. 
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Rim Viewpoint2 
44.365916 Latitude 

-121.142231 Longitude 

Thursday, 7/28/16 Start Date 

Friday, 3/10/17 End Date 

Ped. In & Ped. Out Channels 1 & 2 

Not Used Channels 3 & 4 

Not Used Channels 5 & 6 

 

Summary 

The Rim Viewpoint trail counter 
collected data on pedestrians only. Trail 
counts were highest in September and 
declined steadily throughout the autumn 
and into the winter, with an increase in 
February. 

Daily trail counts peaked at just over 
250 counts on Saturday, 9/24/16. Trail 
count volume was variable from day to 
day, exhibiting a weaker weekly pattern 
than at other trail counter locations. 

 

 

2  From July 29th through August 18th counter data exhibit zero or other values that do not represent 
typical trail use. It is believed that the counter and its data recording and downloading processes 
malfunctioned. Consequently, August, 2016 is excluded from the data summaries presented here.   
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TOTAL 

TRAIL COUNTS 
SEPTEMBER, 2016 4,058 

OCTOBER, 2016 2,681 
NOVEMBER, 2016 2,151 
DECEMBER, 2016 549 

JANUARY, 2017 421 
FEBRUARY, 2017 1,118 
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Saturdays and Sundays were the busiest days of the week, with roughly comparable levels of trail counts. 
Weekend trail use in February was notably higher than weekend trail use during December and January. 

Rim Viewpoint – Average Trail Count by Month and Hour of Day by 
Weekdays vs. Weekend Days 

 

 Weekdays 
 

9/16 1 2 3 7 10 16 14 11 12 11 9 6 5 4 1  
10/16 1 1 1 3 7 10 11 7 8 7 7 5 3 0 0  
11/16 0 1 1 3 4 6 7 6 7 9 5 3 0 0 0  
12/16 0 1 0 0 1 1 2 2 2 3 2 0 0 0 0  

1/17 0 0 0 0 0 1 1 1 2 1 1 0 0 0 0  
2/17 0 0 0 1 2 4 4 3 1 2 3 1 0 0 0  

                 
 Weekends  

9/16 1 2 5 12 14 24 25 16 21 23 13 11 13 5 1  
10/16 1 2 4 8 10 12 14 10 12 13 13 10 8 2 0  
11/16 1 2 3 10 14 16 16 15 12 13 10 3 0 1 0  
12/16 0 1 0 2 2 4 5 3 2 3 4 0 0 0 0  

1/17 0 1 1 0 2 3 4 6 3 2 5 2 0 0 0  
2/17 0 1 1 4 5 7 18 13 14 12 5 2 1 0 0  

 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00  
 Hour of Day  
                 

 

Trail counts were highest during the late morning to mid-day on weekend days during the month of 
September. A notable dip in trail use consistently occurred during the 13:00 hour on both weekdays and 
weekend days. Trail count levels during the midday on February weekends were comparable to similar 
times during October and November. Generally, trail use begins in the 7:00 and 9:00 hours. Trail use end 
time typically followed sunset times. 
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Wolf Tree3 

44.37394 Latitude 

-121.13465200 Longitude 

Tuesday, 8/30/16 Start Date 

Friday, 3/10/17 End Date 

Ped. In & Ped. Out Channels 1 & 2 

Bike In & Bike Out Channels 3 & 4 

Horse In & Horse Out Channels 5 & 6 

 

Summary 

Nearly all trail counts at Wolf Tree were 
generated by pedestrians. Trail counts 
were highest in September, declined 
steadily through the autumn, dropped 
dramatically in December and January, 
and increased February. 

Daily trail counts peaked at nearly 450 
counts on Saturday, 10/22/16. Trail 
count volume exhibited a weekly cycle 
with peaks on weekends and 
comparatively lower volumes on 
weekdays. 

 

 

3  From January 30th through February 6th counter data exhibit extraordinarily high counts (i.e., 35 to more 
than 200 times greater than the peak from October 22nd) that do not represent typical trail use. It is 
believed that the counter and its data recording and downloading processes malfunctioned. 
Consequently, data from that period is excluded from the data summaries presented here.  
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TOTAL 
TRAIL 

COUNTS 
PED. 

COUNT. 
BIKE 

COUNT 
HORSE 
COUNT 

SEPT., 2016 3,649 3,429 147 73 
OCT., 2016 3,454 3,343 106 5 
NOV., 2016 3,030 2,912 102 16 
DEC., 2016 742 722 18 2 
JAN., 2017 386 384 0 2 
FEB., 2017 1,584 1,562 18 4 
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Saturdays were typically the busiest day of the week, averaging more than 200 counts per day during the 
autumn months. Sundays were typically the second busiest day of the week and are equivalent to or 
exceed Saturdays in some months. Sunday trail counts in February were equivalent to those in the 
autumn. 

Wolf Tree – Average Trail Count by Month and Hour of Day by Weekdays 
vs. Weekend Days 

 

 Weekdays 
 

9/16 0 1 3 6 10 13 11 13 8 10 6 5 3 2 1  
10/16 0 1 2 3 7 8 8 7 9 8 6 3 2 1 0  
11/16 0 1 2 3 6 10 8 8 10 8 4 3 1 0 0  
12/16 0 0 0 0 1 2 3 5 4 2 0 0 0 0 0  

1/17 0 0 0 0 1 1 1 2 2 1 1 0 0 0 0  
2/17 0 0 0 2 2 7 6 8 7 4 3 2 0 0 0  

                 
 Weekends  

9/16 1 2 6 16 27 30 21 18 21 16 17 13 7 6 2  
10/16 0 5 15 16 14 24 19 23 24 24 24 10 8 3 0  
11/16 1 4 10 13 19 25 27 36 24 17 16 9 1 0 0  
12/16 0 1 1 3 3 6 9 4 6 5 2 0 0 0 0  

1/17 0 0 0 1 2 4 4 4 3 4 1 0 0 0 0  
2/17 1 1 2 8 7 19 20 22 31 22 11 9 2 0 0  

 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00  
 Hour of Day  
                 

 

Trail counts are highest during the late morning to mid-afternoon during the month of September. Trail 
count levels during the midday on February weekends were comparable to or higher than those from 
similar times during October and November. Generally, trail use begins in the 7:00 and 9:00 hours. Trail 
use end time typically followed sunset times. 
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TRAIL CLOSURE BEST PRACTICES

Undesired and informally created trails (social trails) impact the 
landscape and visitor experience at Smith Rock State Park. In 
addition to trampled vegetation and potential habitat fragmentation, 
fall line-aligned social trails often increase surface run off, which 
can lead to water-based erosion problems. As social trails receive 
more use and/or erode more, these routes become more 
pronounced and attract use, contributing to confused or lost park 
users. Better monitoring of social trail development and more 
effective closure and restoration techniques are needed to reduce 
natural resource impacts, mitigate habitat fragmentation, and 
reduce erosion. 

Effective and permanent closure of undesired social trails and 
routes in a desert landscape is very challenging.  Linear “scars” are 
difficult to obscure due to sparse vegetation. Vegetative restoration 
is challenging due to the arid environment. Trail restoration 
projects in locations with comparatively higher moisture and 
vegetation are initiated in a “camouflage, barricade, sign” 
progression prior to the actual restoration of the area hydrology and 
vegetation. A more successful trail closure program at Smith Rock 
will need to depend on a converse approach of “sign, barricade, 
camouflage.” 

Sign
Consistent signage and messaging is the first step in reducing use 
on a social trail in an arid climate. Clear and consistent marking 
unauthorized routes is vital, and should be accompanied by 
messaging at trailhead kiosks, the visitor center, and native plants 
garden that focuses on the broader, underlying resource impacts 
and regeneration time needed to mitigate the damage these routes 
create. 

Barricade
With signage in place, physical barriers to travel can be introduced 
to reinforce the messaging that use is not authorized. Effectiveness 
of the barriers is related to characteristics of naturalness and 
subtlety. Where larger woody vegetation is present, a piece or two 
may be creatively used to mimic a fence. In some locations at 
Smith Rock, barriers could be created with large rocks. In other 
locations a low, unobtrusive post and rope fence may be the only 
option. 
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Next transport and plant rocks in the trail bed to slow water moving down the trail and to disguise the 
old path -- the larger and more irregular the rocks the better. Excavate holes 1/3 the thickness of the 
rocks, locate them perpendicular to the fall line, and refill the soil around the rocks, tamping it so that 
they look like they have always been there. Such rocks also serve to discourage use of the old trail 
and to collect water for new growing plants. They serve a function similar to check dams. The ideal 
rock is should be big enough that it takes two or more people to carry it, though it’s safer to skid or roll 
large rocks. In many locations ideal rocks are hard to come by, though always be willing to scour the 
landscape to find the best available (an endeavor known to some as rock shopping.) Getting folks to 
look far and thoroughly enough is a challenge, but must be emphasized.

If the weather allows (just before a rainy or snowy season is usually best) and there are suitable plants 
available, transplant the largest plants feasible just uphill of the rocks. It is necessary to seek local 
expertise about what species and sizes of local plants are appropriate for transplanting. Your local 
land manager may prefer you to use native plants cultivated and brought in for this purpose. However, 
if your local manager approves of local transplanting, make sure to dig up live plants from a sufficient 
distance and random locations, so as not to leave a new denuded area. Be sure to disguise all holes 
created by digging up plants.

If available, transplanting nurse logs make fine additional check dams and often increase the likelihood 
of the plants surviving. If it can be arranged for someone to come back and water the transplants and 
nurse logs through the first dry season, plant success can be increased significantly. See next section 
for additional details about transplanting. 

Of course, it is ideal to select plants that will survive, but if plants are abundant it may be appropriate to 
“plant” large stature plants that likely won’t survive, simply to block and disguise the trail. Sometimes, 
already dead plants are “planted” in a process some call “vertical mulching.” This may also be done 
with logs or heavy limbs that still have a 
few branches. Plant the butt end of the 
limb 12” in the ground, and lean the other 
end against an existing trailside tree.

If necessary, import soil to reduce 
gullying that is greater than 6” deep. 
Obtain the soil from a hidden borrow pit. 
When available, the root wads & wells of 
wind-thrown trees offer ideal borrow pits, 
because you don’t have to dig a hole and 
disturb new ground. When done, break 
down edges and fill the pit with rocks 
and organic debris so that it is not too 
unsightly a scar or hazard.

If available, collect local native seeds 
and scatter them over the most receptive 
soils of the project. Rake them in lightly.

Finally, scatter organic debris over the 
trail: branches, needles, leaves, duff...
to provide cover for seeds and shade for 
seedlings when they sprout. Make your 
best effort to leave the ground surface 
looking as natural as possible, so users 
will not even see the old trail. This is the 
“Zen” part of wilderness gardening and 
requires a special touch. 

Figure 2. Plan for decommissioning 
an abandoned trail. (Image 

courtesy of ImBa)
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Figure 4-1. Educational signage posted at each end of the trail study area for some 
treatments.   
Note: The small trailside prompter sign is positioned at center background, placed at intersection of 
formal and informal trails (inset). 

 



SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL CLOSURE BEST PRACTICES

Camouflage
Long-term success in closing social routes is dependent upon 
camouflaging the linear feature from users. This is particularly 
challenging at Smith Rock, with the visual perspectives present. 
Covering a linear feature with uprooted vegetation and/or woody 
debris does not disguise that feature and often makes the closed 
trail more visually evident. While some revegetation through 
transplanting, seeding, or natural regeneration is necessary for the 
long-term restoration success, the sparse and slow-growing nature 
of desert vegetation does not make for effective short-term 
camouflage. Instead, the creative use of cut brush and rocks to 
obscure the linear nature of the closed route will be more effective. 
These materials are placed within, adjacent to, and offset from the 
linear route to mimic a natural assemblage of materials. 

Restore
When use of the route is stopped, restoration of natural hydrologic 
and vegetation patterns can be effectively initiated. If an erosion 
gully is present, filling that depression is necessary to restore 
natural hydrologic patterns. Check dams of the depth of the gully 
should be constructed at intervals to catch and retain sediment 
being transported downslope. These dams can be constructed with 
woody materials (large rounds from dead trees or smaller materials 
bound together with twine or bailing wire) or rock (large rocks or 
rip rap) where available. 

If sufficient rock and/or woody debris is not available, coconut coir 
logs are effective erosion control products that allow water to flow 
through the check dam, but catch and hold rock, sediment, and 
seed materials upslope of the dam. These are made from natural 
fibers and decompose over time, similar to but larger and longer 
lasting than straw wattle products that have been previously used at 
Smith Rock. The coir logs can also be used to reestablish 
vegetation by “plugging” live root specimens into the log. In more 
extreme cases of erosion and slope stabilization, use jute mat can 
be laid under the coir logs. This treatment adds additional organic 
matter to aid in vegetative regeneration and can also be used as a 
planting substrate for seed or live root seedlings.

In all cases, scarify the gully to aerate any potential native seed 
stock and improve permeability. Only revegetate with native plants 
that are already present in the vicinity of the restored trail. When 
establishing plants in the erosion gully, seedlings should be planted 
on the upslope edge of check dams.
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Grasses, rushes, and sedges generally 
transplant most easily and offer the 
advantage of being easily dividable 
into multiple plants. They are also fairly 
durable, though their small stature does 
not much discourage people from using 
a closed area. Small herbaceous plants 
(flowers without woody stems) can add 
texture to a restored area, but are very 
vulnerable to crushing-- best to plant 
them very close to buried rocks. When 
choosing plants to transplant, match 
plants to site to be closed. 

Woody plants (trees and shrubs) offer 
the most discouragement to future use 
of a site. The ones most likely to survive 
transplanting are less than 2’ tall; 6-12” is 
best. Dig a circle around the drip line of 
the plant selected, driving in the shovel 
vertically as far as you can. If, when you 
use the shovel to lift up the plant, there 
are deep roots still attached, use pruning 
clippers to cut them cleanly.

To prepare for a transplant, dig a 
generous hole, at least 12-16” deep, 
3” deeper and 4” wider than the size 
of the transplant root ball. With the tip 
of the shovel, loosen the dirt in the 
bottom of the hole so that roots can 
penetrate easily. Pour in enough water 
to thoroughly moisten the bottom of the 
hole and leave 1-2” of water remaining. Insert the root ball of the transplant such that the base of the 
stem is 2” below the surrounding terrain. This will leave a dished area to collect rainwater, snow melt, 
and to hold additional water from a bucket after transplanting. Fill in dirt around the transplant and tamp 
it well so that there is no air around the roots (air pockets can kill a transplant). Add more water to fill 
the dished area around the plan. 

Some restoration workers use root hormone, soil amendments, and other products to give transplants 
a better chance of surviving. There are also various products to provide water to roots for an extended 
period of time. Local experts will be able to help determine what the best protocol for your area is.

If funds and potted native plants are available, purchasing appropriate species from a native plant 
nursery can speed the restoration process immeasurably. Be sure to consult with local land managers 
for guidance to appropriate local genetic plant stock, especially for use in Wilderness areas. 

Seed Collection: Consult local experts on which plants provide for the most successful seed 
collection and planting. Generally, plants that produce abundant seeds are easiest to collect, such as 
some grasses, lupines, and desert shrubs. Fortunately, many trees do a good job of scattering their 
seeds naturally. Proper timing for collection of ripe seeds is essential and, of course, varies from year to 
year depending on weather. Some years there is a very limited seed crop. Some agencies can provide 
bulk native seed that they have had grown from local native seeds.

Final Note: In most cases, it is essential to return in following years to reinforce the work previously 
done, especially to find out if the trail or site has been reopened by users. If the previous year 

Figure 4. Transplants on steep slopes must be properly 
placed for plant success. (Image courtesy of the sca)
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transplanting or seeding were inappropriate due to season, make an effort to time a return visit better 
the following year. Not following through on a project can result in completely losing the initial work.

TEACHING TIPS & TECHNIQUES:
Trail Decommissioning: With students, walk the trail to be decommissioned and discuss what the 
conditions call for. Then give each pair of students a few pin flags and ask them to mark candidate 
locations for waterbars, check dams, rock placements, borrow pits, etc. Have them describe why 
they chose their locations. Refine the plan as a group then set each pair to work carrying out various 
sections of trail decommissioning. 

Supervise closely to be sure that rocks and logs are large enough and the rocks of appropriate shapes. 
Encourage students to find and flag a few candidate rocks and have an instructor evaluate them before 
they are transported to the trail. It is essential that students use rocks and logs of sufficient size. Ask 
students to redo their work if it is unsatisfactory; though try to catch it early to minimize frustration. 

1Rock Shopping: Look uphill or along the sidehill -- The main thing is that rocks need to be big 
and irregularly shaped, and it often takes patience and persistence to find and transport the right ones. 

Rock and drainage work, of course, are not everyone’s cup of tea. If someone in your group has no 
aptitude or interest in such heavy work, assign them to collecting other needed material. Especially in 
restoration, there are many different jobs -- the key is to find the right job for each person.
 
Site Restoration: Walk the site with the class to discuss the relevant issues. Then give each team 
of two a clipboard and supplies to prepare a site restoration plan for their assigned area. Some may 
want to prepare a detailed plan on paper first, while others may prefer simply to use pin flags. Discuss 
how drawing a before and after site plan with photos is essential if it is important to document the work 
completed and monitor the success of the project. Detailed site plans can help evaluate the success of 
different species of plant survival.

Figure 5. Detailed before and after drawings of restoration sites (along with photos) allow monitoring 
success of the project and survival of specific species of transplants. (Image courtesy of the sca)

Before Restoration After Restoration
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ABSTRACT 
Striking a balance between resource protection and visitor experience is a perennial challenge for 
protected area managers.  Some level of resource degradation must be tolerated to allow any recreational 
use at all, but even low levels of foot traffic can reduce vegetation cover, pulverize and remove organic 
litter, and increase the erosion potential of the underlying soils (Bradford and McIntyre 2007, Bayfield 
1973, Cole 1995a, Olive and Marion 2009).  In this companion paper to a 2008 article by Park et al. on 
efficacy and acceptability of adaptive management measures designed to discourage depreciative off-trail 
behaviors in a high use frontcountry setting, additive combinations of management techniques are 
evaluated for efficacy in a high use backcountry trail setting.  Combinations including site management 
and information/education that address multiple motivations for off-trail behaviors are shown to be 
effective at reducing off-trail travel rates.  However, a more-direct, obtrusive measure that relied on fewer 
additive components—low symbolic post-and-rope fencing—was shown to be the most effective among 
all treatments studied.  Data were collected by a closed circuit video recording system assembled in the 
backcountry and powered by a deep cycle battery.    
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Resource Impact, Resource Protection 
Striking a balance between resource protection and visitor experience is a perennial 

challenge for protected area managers.  This issue is particularly salient for those working in 

national parks, where visitor use measured in millions of visits per year can lead to substantial 

ecological and experiential impacts.  Therefore, investigations of effective management 

approaches that prevent (or minimize) visitation-associated impacts can provide valuable 

information and assistance in visitor experiences and resource conditions.   

For protected areas that receive high levels of visitation, the management of the effects of 

foot traffic and associated trampling impacts are particularly acute.  Some level of resource 

degradation must be tolerated to allow any recreational use at all, but even low levels of foot 

traffic can reduce vegetation cover, pulverize and remove organic litter, and increase the erosion 

potential of the underlying soils (Bradford and McIntyre 2007, Bayfield 1973, Cole 1995a, Olive 

and Marion 2009).  Repeated off-trail excursions create and proliferate informal visitor-created 

trails.  Over time, short cuts and additional access routes are cut across vegetation and exposed 

soils (Johnson and Vande Kamp 1996).  When visitors go off-trail or use informal trails, they can 

accelerate the spread of exotic invasive species into native biotic communities (Cole 1995a).  

Low levels of off-trail travel lead to compositional and species richness changes as fragile 

species are crushed underfoot (Frissell and Duncan 1965).  These species (esp. ferns and other 

nonwoody herbs) are not resistant to impact and can be severely impacted in a single season of 

consistent use.  Further off-trail travel slowly overwhelms more resilient species as stored 

resources are channeled into tissue repair. Eventually trampled areas suffer reduced biomass and 

vegetative cover (Cole 1995b, Sun and Liddle 1993).  Continued use exposes soil by pulverizing 

surface organic litter into fragments and further into humus, which is easily removed by wind or 
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overland water flow.  With reduced organic covering to cushion impacts, exposed mineral soil is 

made susceptible to erosion in a positive feedback cycle (Monti and Mackintosh 1979).  At this 

stage, recovery to an ―unimpacted‖ state can occur on a geologic timescale in some places.  

Localized impacts can vary in size; considered across the scale of a trail network or national 

park, the aggregate impact can be immense (Lawson and Manning 2002).  Moreover, informal 

trails are quick to appear and slow to recover (Cole et al. 1997).  Managers seek to limit 

trampling impacts by concentrating visitor traffic to networks of formal trails and designated 

recreation sites designed to accommodate intensive use. However, visitors frequently venture off 

or away from these designated trails and sites, expanding the boundaries and aggregate area of 

intensive trampling disturbance and creating new informal or visitor-created networks of trails 

and recreation sites (Leung and Marion 2000).   

Accommodating more than two million visits every year since the 1960‘s, Acadia 

National Park (ANP) is an example of these visitor impact management challenges (PUSO 

2008).  ANP is among the most visited national parks in the United States, and due to its 

comparatively small size, less than twenty thousand hectares, its density of use is exceptionally 

high.  As a result, ANP has experienced substantial use of its popular icon areas—with 

associated trampling impacts—in recent years.   

The Gorham Ridge Trail is one such area.  Hundreds of hikers enjoy this high-use, 

backcountry trail each day during peak season use (personal communication to Jacobi 2007).  

The trailhead is vehicle accessible from the high-use park loop road, offers commanding views 

of coastal Maine and the ocean, and features short and comparatively easy hikes to these views.  

Unfortunately, a small proportion of Acadia‘s visitors in past years have evidenced a functional 
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understanding of ―Leave No Trace‖ principles, an international program of low impact practices 

and ethics adopted by ANP management (Evans 2002, Turner and LaPage 2001).   

Gorham Ridge Trail hikers frequently venture off-trail once they pass the lower forest 

vegetation and reach the more open summit environment, characterized by exposed bedrock with 

thin lenses of soil and low shrubby or grassy vegetation.  Trampling of the fragile subalpine 

vegetation and soils is a significant management concern and challenge for park staff (Turner 

and LaPage 2001).  The thin granitic soils overlying the summit bedrock regenerates slowly 

given the harsh weather conditions and the bedrock‘s natural resistance to erosion/soil generation 

processes (Davis 1966).  Because of these thin soils and adverse weather, the ―heath summit 

dwarf shrubland mosaic complex‖ in the area grows and regenerates slowly from foot traffic 

impacts and may be more vulnerable to exotic invasive incursion (Turner and LaPage 2001, 

Leung et. al. 2002).  A century of off-trail exploration, photography, and blueberry picking has 

resulted in substantial, immediate, and long-lasting resource degradation (Liddle 1997, Baldwin 

and LaPage 2003).   

Responding to these impacts, park management has erected trailhead maps and 

educational signage encouraging low-impact behaviors seeking to persuade hikers to remain on 

the formal trail or on durable rock surfaces.  In addition, park managers have erected pagoda-like 

Bates rock cairns at regular intervals and used paint blazing in an attempt to clearly mark the 

designated path.   However, the literature suggests that the success of these measures can be 

improved through adaptive management, an iterative process of flexible and ―deliberately 

experimental‖ refinements to management practices (Walters 1986, Walters and Holling 1990).  

As successive trials of management interventions are applied in light of the insights gained from 

past trials, resource protection is improved.  The process relies on ―incremental knowledge 
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growth‖ to adequately manage dynamic natural and social systems as an ongoing series of 

experiments (Reid 2003).  This study seeks to enrich the small corpus of research on adaptive 

management approaches to trail-proximate resource protection in a backcountry setting. 

A companion study of this research was undertaken to examine similar concerns at a 

popular frontcountry site at ANP, the summit of Cadillac Mountain (Park et al. 2008).  Several 

thousand visitors access the summit each day, spreading out from a short, paved summit loop 

trail onto bedrock, exposed soil and patches of vegetation.  That research suggests that particular 

combinations of site management and information/education management approaches may be 

effective in enhancing the protection of the area‘s biota and soil without unduly burdening the 

visitors‘ experiences there.  However, measures appropriate and effective for a frontcountry 

setting (as investigated by the companion piece) may not be appropriate for a backcountry setting 

as studied on Gorham Ridge and places like it.  Another study at ANP by Cahill (2003) 

examined the suitability of a range of management interventions in terms of frontcountry versus 

backcountry settings.  Cahill‘s stated choice analyses found that setting had a strong effect on the 

acceptability of management actions arranged along a spectrum of ―naturalness.‖  Specifically, 

management actions that reduced the natural aesthetic were less acceptable in backcountry 

settings than they were in frontcountry settings.  Similarly, management interventions that 

increase visitor encounters between groups were more acceptable to respondents for frontcountry 

settings than for backcountry settings.  This important finding suggests that areas of degraded 

environmental quality in the backcountry should not be managed in the same way as analogous 

impacts in the frontcountry.  But which measures are effective at reducing depreciative behaviors 

along trails in the backcountry?  Measures must first be found effective before they can be 

considered for their potential experiential impacts or setting suitability. 
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This research explores the protection effectiveness of a variety of measures drawn from 

management strategies and tactics suggested in the literature, though few basic research studies 

exist to examine the effectiveness of combinations of site management and educational messages 

in preventing trailside resource degradation.  This information could prove invaluable in 

protected areas land management.  The findings of this study may be useful to other land 

management agencies as well as larger private organizations that manage publically accessible 

lands. 

Management Frameworks 
The literature describes several frameworks or strategies useful in constructing 

management options for limiting off-trail travel.  One management framework groups impact-

mitigation tactics into four broad strategies: (1) reducing use via permit requirements or 

restricting access; (2) increasing the supply of the resource by distributing use and making more 

of the area accessible; (3) reducing use impacts by altering uses, e.g., restricting type of use or 

behavior or educating visitors about high-impact practices; or (4) hardening the resource to better 

accommodate use with limited impact, e.g. installing gravel or rockwork to a trail (Manning 

1999).  However, not all techniques within this framework are feasible or appropriate to the 

aesthetics or experiences associated with a given protected area management unit. 

Specific techniques derived from one of this fourfold framework‘s strategies (or 

combination of strategies) for protecting natural and experiential resources may in several ways 

affect visitors‘ experiences while recreating (Park et al. 2008).  For example, techniques that 

limit use may be received unfavorably by visitors, given that such techniques generally reduce 

the perceived freedom of recreationists.  Just as importantly, use-limiting techniques can entirely 

exclude some recreationists from being able to access a recreation area.  Also, management 

techniques that are appropriate for one site may not be appropriate for another in terms of 



SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL CLOSURE BEST PRACTICES
 

 
99 

aesthetic considerations or the recreation opportunities of the site (Cheung 1972).  For example, 

fencing may be appropriate for reducing off-trail behaviors at frontcountry cultural and 

archaeological sites, but wholly aesthetically inappropriate in most backcountry settings.  In 

addition, the management strategy used can affect perceptions of crowding (Shelby, Vaske, and 

Heberlein 1989).  One example is the effect of alternative spatial arrangements of parking lots 

that concentrate or disperse equivalent numbers of visitors.  Thus, it is important for managers to 

select techniques that are appropriate and minimally obtrusive on recreation experiences.    

Another way of organizing management approaches is to locate them on a spectrum of 

direct to indirect actions (Gramann, Christensen, and Vander Stoep 1992; Manning 1999).  

Direct management actions target visitors‘ actions and associated outcomes (Manning 1999, 

Crandall 1980).  Common direct management actions include fining noncompliant visitors, site 

management measures such as restrictive permitting schemas.  At Gorham Ridge, one example 

of direct techniques could include use of low native stone scree walls as a visual cue of trail 

boundaries in exposed bedrock areas where only erosive, degraded soil (which can appear to 

visitors to be a thin gravel) is present to fill this role.  Site alterations, posted use regulations, and 

other direct techniques are often effective in changing visitor behaviors but can be aesthetically 

intrusive or perceived to impair visitor freedom (Wohlwill and Harris 1980, Carls 1974).  The 

aesthetic intrusion may even be tied to effectiveness.  A previous study demonstrated that 

wooden split rail fences were less effective at keeping visitors on a trail than were less-attractive 

yellow nylon rope fences, even though the wooden fencing was more physically substantial 

(Swearingen and Johnson 1988).  This tradeoff of aesthetics/perceived experience quality versus 

impact prevention is a common issue with site management techniques. 



SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL CLOSURE BEST PRACTICES
 

 
100 

Indirect management actions, by contrast, seek to prevent depreciative behaviors by 

influencing visitor reasoning and decision-making, for example through information/education 

measures designed to increase awareness of the consequences of specific visitor behaviors 

(Gramann Christensen and Vander Stoep 1992; Gramann and Vander Stoep 1986).  Previous 

studies have suggested that most depreciative behaviors by visitors are the result of uninformed 

behavior, not of malicious intent; such behaviors are thought to be effectively remedied through 

information/education management approaches (Eagly and Chaiken 1993, Harrison 1992, 

Namba and Dustin 1992).  Common examples are the use of educational messages to inform and 

appeal to visitor ethics as a persuasive technique.  For example, Roggenbuck and Berrier (1982) 

found that informational pamphlets had a significant effect on altering visitor dispersal at a 

crowded park location.  Managers often prefer indirect techniques for the simple idea that they 

are less conspicuous in the visitor experience (Manning 1999).  However, indirect techniques are 

sometimes perceived by managers as less effective than direct techniques, and in some cases 

have been empirically demonstrated to be less effective (e.g., Alessa Bennett and Kliskey 2003).  

This perception has been substantiated in the literature as well (Park et al. 2008). 

A degree of synergy may exist between direct and indirect techniques; combinations of 

direct and indirect techniques may be more effective in reducing noncompliant visitor behaviors 

(Johnson and Swearingen 1992, Roggenbuck and Berrier 1982).  A study of off-trail behavior at 

a hiking area in the Blue Ridge Parkway found that closing informal trails through sensitive 

habitat through various kinds of brushing (i.e., site management) was not effective (Johnson 

Bratton and Firth 1987).  Brushing the informal trails (without information/education present) 

not only failed to close the trails, but overall impact also increased as some visitors went through 

the brushing (keeping the trails open) and other visitors went around the brushing, creating new 

impacts in the sensitive biological community there.  Again, managers must take care to ensure 
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that an incorporation of a variety of techniques is not too burdensome or intrusive on the visitor 

experience.  In the example of the brushing at the Blue Ridge Parkway hiking area, 

information/education measures may have helped visitors to understand why off-trail areas were 

being closed for restoration.   

Regardless of any specific combination of techniques, careful thought must be given to 

ensuring that the measures in place address a variety of motivations for going off formal trails 

(Gramann and Vander Stoep 1987, Christensen and Dustin 1989, Knopf and Dustin 1992).  Past 

research has suggested that such motivations can range from unintentional or accidental reasons 

(e.g., difficulty in distinguishing between formal and informal trails), through ―releaser cues‖ 

(e.g., going off-trail after reaching informal trail junctions or seeing others already off-trail), to 

intentional/purposive off-trail behavior (e.g., traveling to a vista outcrop not routed with a formal 

trail) (Gramann and Vander Stoep 1987).   

Research has suggested that indirect information/education approaches may be effective 

in changing careless or unintentional behaviors.  However, direct measures are appreciably more 

effective at curbing intentional depreciative behaviors (Swearingen and Johnson 1994, Johnson 

and Swearingen 1992).  For example, earlier research at Acadia‘s nearby Cadillac Mountain 

summit found that tall wooden exclosures protecting patches of sensitive vegetation were highly 

effective, but appeared to suggest to visitors that all other areas of the summit (including 

unnaturally exposed soils and other vegetation patches) were acceptable for visitor foot traffic 

(Baldwin and LaPage 2002).  Thus, it is important to make certain that the messages presented to 

visitors are explaining site management measures in place. 

Additional useful means of enhancing message effectiveness lie in communication 

theory.  Specifically, the route to persuasion construct examines how messages are evaluated by 
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people on the bases of content (central route to persuasion) and/or delivery (peripheral route to 

persuasion) (Manning 1999, 2003).  Several studies have suggested that message delivery 

through personal contact with protected area authorities can be among the most effective means 

at engendering a desired visitor behavior (e.g., Fennell 2001).  In an ANP context, an emphasis 

on delivery might involve a uniformed ranger asking visitors to remain on the paved trail.  One 

cost-reducing approach might be to utilize official-looking logos and organization identification 

in an attempt to access some of the same sense of authority wielded by uniformed park 

employees.  Similarly, a more formal or prominently placed sign by itself communicates a 

stronger message than a less formal one with identical wording (Baldwin and LaPage 2002). 

However, emphasis of the central (―substantive‖) route to persuasion has been suggested to 

promote more lasting changes in behavior (Manning 1999).  As a result, it is important to 

maximize messaging effectiveness through both routes to persuasion. 

Methods 

Study Area 
Gorham is a popular backcountry mountain summit rising 525 feet above sea level with 

parking lot access along the busy and popular Ocean Drive Road.  The trail‘s 1 mile length 

receives approximately 400-600 visitors per day during the summer season. The Gorham 

Mountain trail is the only trail over the summit, and it is marked by Bates-style rock cairns and 

paint blazes to help visitors navigate and remain on-trail. Off-trail hiking, while permitted to 

extend visitors maximal recreation freedom, is a concern because the subalpine vegetation is 

relatively fragile and recovery rates are low due to the shallow dry soils in the area.  

A park summit steward volunteer noted that visitors often interpret eroded, exposed 

patches of subalpine soil along trails and at summits in the park as legitimate foot trails.  Above 

tree-line on the mountain, informal (visitor-created) trails occur at vistas and in other flatter 
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areas, with vegetation and soil loss caused by decades of intensive visitor trampling.  Previous 

surveys by park staff have also found that the cairns used to mark the trail are under continual 

disturbance by visitors, adding to safety and navigation concerns.  Less than 40% of cairns 

survive five days without alteration during the peak season (Jacobi 2003).   

The objective of this study was to test the relative effectiveness of adaptive management-

style combinations of educational and site management actions on reducing off-trail behavior 

along a high use backcountry foot trail. The efficacy of alternative treatment combinations of 

these actions was assessed through videography because use levels were too low to allow for the 

effective use of human observers. The study‘s observation site was selected based on availability 

of concealing vegetation for video equipment used to record video data, the variety of trail 

environs visible (and differing hypothesized motives for possible off-trail travel), and the high 

level of localized off-trail resource degradation. Hypothesized motives for off-trail travel include 

getting around other visitors, exploring, accessing vistas, and shortcutting (Park et al. 2008).  

Treatments 
This study tested a variety of educational messages and site management techniques in 

combination through an experimental, behavioral design.  The practices used in the study were 

selected based on a review of the literature and consultations with park managers in a 

collaborative and adaptive management process.  The overriding goal was to substantially reduce 

off-trail hiking.  Combinations of actions were expected to have higher efficacy than single 

actions. Table 1 summarizes the control and experimental treatments undertaken in this study 

and the specific management techniques involved in each treatment.  

Control (Baseline) – To mimic baseline existing conditions, rock cairns were placed 

along the trail at intervals ensuring that one was visible to hikers regardless of position and 
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direction of travel.  Any border rocks that had been placed previously for trail management were 

removed.  The tread of the trail itself was left unchanged in this and all subsequent treatments.  

There were 10 pre-existing paint blazes on the trail‘s bedrock surface during the control period.  

No educational signage was present during this treatment. 

Treatment 1 (Blazing) – The rectangular paint blazes marking the trail were 

supplemented with additional similarly colored and sized temporary blazes constructed from 

adhesive tape (n = 13).  The blazes were set at short intervals (5 – 10m) to ensure that multiple 

blazes were visible regardless of hiker position and direction of travel.  Rock cairns were 

removed.  Beyond the upper end of the study area, additional tape blazes (n = 6) were placed 

along the trail to the summit to encourage as many hikers as possible to enter the study area on 

the formal trail.  No educational signage was present during this treatment. 

Treatment 2 (Educational Signs) – Large educational signs were placed at each end of 

the trail study area (Figure 4-1).  Sign text included prescriptive injunctive (i.e., what visitors 

should not do), attributional language: ―Leave No Trace of your summit visit.  Your footsteps 

damage fragile plants and animals. Please: do not leave paint-blazed trails. Do not move rocks.‖  

The message featured Leave No Trace language as a tie-in to a broader national program and to 

convey the intended personal outcome.  The educational signs included the NPS arrowhead logo 

to emphasize the official authority of the message.  Rock cairns were placed along the trail at 

intervals ensuring that one or more was visible to hikers regardless of position and direction of 

travel.  Additional temporary blazes were placed as in treatment 1 (blazing).  Additionally, 

approximately 10 small trailside prompter signs (Figure 4-2, inset) were placed on informal, 

visitor-created side trails wherever they joined the formal trail study area.  Two additional 



SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL CLOSURE BEST PRACTICES 

 
105 

prompter signs were placed along the trail to the summit to encourage as many hikers as possible 

to enter the study area while on-trail.   

Treatment 3 (Coping Stones) – Large native stones (8-24‖dia.) were placed on opposite 

edges of the trail; these stones were spaced along the trail at 6 foot intervals to create a 

continuous visual trail border across the study area‘s open bedrock.  From the oblique viewing 

angle of hikers along the trail, the discontinuous coping stones more clearly delineated the 

boundary of the trail.  Rock cairns were placed along the trail at intervals ensuring that one or 

more was visible to hikers regardless of position and direction of travel.  No educational signage 

was present during this treatment. 

Treatment 4 (Scree Wall) – Native stones were arranged as a continuous trail border 

throughout the study area, enough to cover the extent of the upper half of the study area.  As with 

treatment 3 (coping stones), the rocks were large enough to create a clear visual demarcation of 

the trail treadway, but small enough that they were not a physical barrier.  Rock cairns were 

placed along the trail at intervals ensuring that one or more was visible to hikers regardless of 

position and direction of travel.  No educational signage was present during this treatment. 

Treatment 5 (Symbolic Fencing) – Low rope fencing was installed with 0.5m wooden 

stakes along both sides of the upper section of the study area. As in treatment 4, the fencing was 

a symbolic visual cue, not a physical barrier.  Rock cairns were placed along the trail at intervals 

ensuring that one or more was visible to hikers regardless of position and direction of travel.  No 

educational signage was present during this treatment. 

Treatment 6 (Integrated) – This additive treatment incorporated several of the above 

treatments‘ measures, using the educational signage placed at both ends of the study area, the 

rock cairns, coping stones, and trailside prompter signs. 
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Data Collection 
Video surveillance equipment was unobtrusively installed across the study area to 

evaluate the efficacy of each treatment.  Three color closed-circuit weatherproof video cameras 

were trained on sequential segments of the study area.  Each camera was oriented to provide a 

clear view of the trail without providing individually identifying features of the hikers.  A fourth 

camera recorded a field of view of the lower educational signage for those treatments 

incorporating the sign.  All cameras were wired to a digital video recorder unit and all were 

powered by a deep-cycle gel battery and configured through an electric timer to continuously 

record data during peak use hours. Field staff periodically reviewed footage to ensure system 

functionality, created field data backups to DVD, and replaced the battery as necessary.   

The control and treatments were applied for up to four randomly selected days during a 

period of six weeks in July and August 2008, corresponding to peak season use levels.   Video 

data were collected during fair weather days and peak use hours, from 9 am to 6 pm.  Sample 

sizes for treatments and controls ranged from 686 to 1261 visitors, total headway (Table 1).  

Hikers were not counted as going off-trail unless they had first traveled any distance on-trail 

within the study area to ensure that they were making a decision to go off-trail in contravention 

of the treatment or control in place.  Some hikers observed entering the study area in the 

downhill direction were likely hikers who had previously entered the study area in the uphill 

direction, though not all visitors share this itinerary. 

At the conclusion of fieldwork, the video footage was evaluated for off-trail behaviors 

according to location, direction of travel, extent to which the visitor went off trail (i.e., ―near off‖ 

within 6 feet of the tread or ―far off‖), time of day, and weather conditions (i.e., rain, wind, 

visibility).  For treatment 2 (educational signage) additional data were collected to characterize 

how long each individual uphill-bound hiker spent reading the sign at the lower end of the study 
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area, how often cairn and border rocks were disturbed, and (where possible) the apparent reasons 

for hikers going off-trail.   

To ensure data transcription quality, evaluators were trained in video interpretation 

techniques and used transparent screen overlays to clearly demarcate the different visual zones 

for each camera‘s field of view.  In addition, the evaluators used slow motion review where 

necessary.  Inter-rater reliability tests were performed among the teams of video evaluators with 

no significant differences found.  Exceptional and ambiguous situations were flagged by the 

evaluators and scrutinized further as necessary.   

The observation data were processed in Microsoft Excel from hourly totals of off-trail 

behavior to off-trail rates through a series of Visual Basic automating macros, then analyzed in 

SPSS for statistically significant differences among treatments and the control. 

Results 
The rates for off-trail travel by treatment are shown in Table 2.  Off-trail rate reductions 

were examined at two ranges of distance from the formal trail, less and more than 2m distance, 

based on literature suggesting that off-trail behavior can occur for differing motivations, 

resulting in differing degrees of behavior (Park et al. 2008).  For example, a visitor attempting to 

pass a group of other visitors might tend to stay close to the formal trail.  By contrast, a visitor 

seeking a vista may go further off-trail.  Approximately 1 in 2 visitors (49.9%) went off-trail no 

more than 2m from the trail under control conditions.  The coping stones treatment reduced off-

trail rates to 48.3% of visitors, a reduction that was not significantly different than the control 

result ( 2 = 0.667, p = 0.414, 1 df, n = 2438).   The symbolic fencing treatment provided the 

greatest reduction of off-trail behavior, to 11.1%, from control conditions.  This reduction was 
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highly significant ( 2 = 323.3, p < 0.001, 1 df, n = 1992). Direction of travel was not found to 

have a significant effect on off-trail rates for any individual treatment. 

Results for treatment efficacy were generally similar for off-trail behavior beyond 2m 

from the formal trail (Table 2).  Blazing ( 2 = 1.029, p = 0.310, 1 df, n = 2021), as with off-trail 

travel within 2m of the formal trail, did not reduce off-trail travel to a rate differing from the 

control.  The coping stones treatment did have a highly significant effect on off-trail travel rates 

beyond 2m from the formal trail ( 2 = 12.4, p < 0.001, 1 df, n = 2438), in contrast to travel within 

2m of the formal trail.  All other treatments had highly significant reductions in off-trail travel 

beyond 2m from the formal trail.  Fencing had the greatest reduction of off-trail travel among all 

treatments, to 6.2% (Table 2). 

Tukey‘s HSD and Scheffe grouping statistics were computed to understand treatment 

levels with similar means.  Blazing and coping stones were not significantly different than 

control conditions in deterring off-trail travel (Table 2).  The education, scree wall, and 

integrated treatments were shown to have similar, improved effects over control conditions.  

Fencing (including trailside cairns), however, was excluded from this group as the single most 

effective measure for reducing off-trail travel for excursions both within and beyond 2m from the 

formal trail.   

Park et al. (2008) found that at a popular summit area in Acadia National Park, some site 

management measures may have a ―latent effect‖ on off-trail behaviors, after hikers continued 

down the trail beyond the extent of the site management measures.  Latent (or carry-over) effects 

were investigated across the length of the study area for treatments including a continuous site 

management technique (fencing or scree wall).  No significant carryover effect was found for the 

scree wall treatment ( 2 = 2.174, p = 0.140, 1 df, n = 719), with a near off-trail percentage 4.2% 
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higher than the control for this section (19.6%).  Similarly, no significant carryover effect was 

found for symbolic fencing ( 2 = 0.147, p = 0.701, 1 df, n = 776), with a near off-trail percentage 

only 1% lower than the control condition for this section and direction of travel (14.4%). 

The number of seconds a visitor was observed to read the educational signage did not 

have a significant inverse effect on off-trail rates ( 2 = 56.325, p = 0.303, 36 df, n = 518) (Table 

3).  No clear trend was shown to exist in the relationship between time spent reading the 

educational signage and the percentage of visitors going off-trail (Figure 4-2).  Further analysis 

showed that near off-trail travel reduction was significant ( 2 = 29.427, p = 0.043, 18 df, n = 

518), and that far off trail travel (beyond 2m from the formal trail) was highly significant ( 2 = 

35.062, p = 0.001, 36 df, n = 518).  Visitors who spent the most time reading the sign were also 

the most likely to go off-trail subsequently.  The data are inconclusive. 

―Effective group‖ ID was procedurally generated for each visitor during the educational 

message treatment.  The ID was assigned based on temporal groupings of people entering the 

study area (i.e., people hiking near others in time regardless of any social relationship or lack 

thereof).  Visitors entering the study area within 30 seconds of earlier visitors (i.e., within visual 

proximity of each other) were assigned the same ID.  Previous research at Acadia suggested that 

the presence of others off-trail nearby serves as a releaser cue for a visitor to engage in off-trail 

behavior.  This effect was highly significant ( 2 = 562.8, p < 0.001, 412 df, n = 518) on off-trail 

behaviors.  Since effective IDs were assigned irrespective of social units (e.g., families, groups 

of friends, or couples), shared IDs across visitors likely mix social units; the extent of this mixing 

is unknown.  
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Discussion and Conclusions 

Treatment Efficacy 
This research effort investigated alternative means to discouraging off-trail traffic 

through a series of additive experimental trials.  As has been suggested by other literature, the 

trials incorporating more-direct measures tended to be more effective than measures relying 

primarily on indirect measures (i.e., information/education).   One relatively unique approach 

taken by this research study was to examine the cumulative effects of multiple techniques 

applied simultaneously, e.g., combining the information/education approach with site 

management.   If management techniques are effective ultimately because they address specific 

motivations for a given depreciative behavior, it follows that additive techniques targeted to 

multiple potential motivations should be more effective than individual techniques.  These 

methods were effective at substantially reducing off-trail behavior.  However, the most effective 

method relied almost exclusively upon symbolic fencing.  This result suggests that, where 

intensive resource protection effort is required, application of multiple techniques may be 

unnecessarily costly where a low symbolic fence will perform even better.   

Similarly, it is important to note that visually-continuous site management techniques 

were the most effective at reducing off-trail behavior rates.  Specifically, a low continuous stone 

scree wall performed better than coping stones made of the same material and spaced at even 

intervals along the trail.  While the coping stones did form a somewhat continuous demarcation 

of the trail border when viewed from oblique angles normally experienced while hiking, it may 

be important that the border is present at the very moment a visitor considers walking off-trail (or 

approaches a location where it is easy to wander off the formal trail unintentionally).  While 

construction of scree walls is certainly more labor and resource intensive than that of coping 

stone installation, it is considerably more effective, especially in rocky environments like Acadia 
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ridge-top trails where it can potentially be difficult for a visitor to intuit that a given stone is, in 

fact, a border marker.  However, it should be noted that this approach could be potentially 

visually obtrusive.  Because intensive delineation of the trail through extended blazing did not 

have a strong effect on off-trail behavior rates, it is likely that confusion over what constitutes 

the formal trail (versus informal side trails running parallel and shortcuts) is a strong driver of 

off-trail behaviors. 

The information/education approach did significantly reduce off-trail behavior from 

control levels.  This approach is popular with managers because it is usually reported to be 

among the most acceptable of management alternatives to visitors.  Gorham Ridge trail is a 

popular trail accommodating hundreds of visitors a day through a natural community with 

extremely low recovery rates.  In this context, reductions in off-trail behavior may not promote 

resource recovery and protection.  Although the educational signage in this study used multiple 

techniques validated in the literature for enhancing message effectiveness (attribution, 

prescriptive injunctive wording, peripheral route to persuasion via the perceived authority of the 

international Leave No Trace program and NPS logo), the reduction in off-trail behavior 

achieved in this manner was not sufficient on its own to protect resources.  This study 

demonstrated that combining this information/education signage with direct site management in 

the form of coping stones was less effective than a continuous scree wall without the signage.  

Managers should not plan to rely on the effectiveness of the information/education approach at 

Acadia wherever trailside resources are fragile or already degraded. 

Educational signage should be placed in locations that prevent visitors ―bunching up‖ 

around them and blocking views to the management messages on display.  Recorded video data 

showed that larger groups and visitors standing close to the sign occasionally obstructed it for 
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other, passing recreationists.  Recreationists cannot be alerted to types and degrees of resource 

degradation if they are unable to see the sign, or can easily walk by it at a distance, as is the case 

with many trailhead signs and bulletin spaces.   

Cost Implications 
Management intensity must be balanced against cost.  Acadia‘s ridge trails are currently 

marked by historical rock cairns and blazing.  Unfortunately some visitors destroy, alter, or add 

to these cairns, leading to ongoing maintenance costs.  In this situation, continuous site 

management measures such as low rock scree walls or symbolic fencing may be more desirable 

than cairns in that they present less of an individualized ―target‖ for depreciative behaviors, and 

less costly long term (Doucette and Kimball 1990).  A well-designed scree wall can fade into the 

scenery but provide a needed prompt to stay on trail wherever necessary.  Replacing the cairns 

with additional paint blazes (less expensive in the short term), however, is not an effective off-

trail behavior deterrent, particularly in settings like Acadia where the formal trail can ―disappear‖ 

in open bedrock areas and be one among several informal trail options at the far end of the 

bedrock face.  This situation increases the difficulty in successfully remaining on the formal trail.   

The companion study to this work suggested a latent effect among some site management 

treatments (i.e., treatments lowered off-trail behaviors beyond the extent of the actual site 

management) (Park et al. 2008). However, no similar relationship was found in the backcountry 

study area for fencing or scree walls.  This study suggests that any latent effect may be situation 

and/or site-specific.  However it should be utilized wherever possible, as it represents ―free‖ 

effects beyond the installed extent of site management measures.  One potential application 

could be utilizing obtrusive effects in sites of maximal degradation, and relying on any latent 

effect for proximal, marginally degraded areas. 



SMITH ROCK STATE PARK  
TRAIL ASSESSMENT 

TRAIL CLOSURE BEST PRACTICES
 

 
113 

Management Implications 
As a result of the insights gained from this and related studies on reducing depreciative 

behavior on trail systems, the authors suggest an integrated, additive management approach on 

reducing depreciative behavior on the backcountry trail system at Acadia National Park.  Where 

resource degradation is most intense, e.g., near perceived vista locations along ridgeline trails 

similar to that of the study area, it is important to adopt a direct, site management approach.  This 

research underscores that information/education-based approaches are not efficacious alone at 

reducing off-trail travel to sufficient levels.  Consequently, low, symbolic fencing should be 

installed across junctions of the formal trail with informal trails leading to appealing shortcuts or 

vista sites where resource degradation is a major concern.  In other locations where degradation 

is topographically constrained, vista side trails could be formalized and managed against further 

resource harm.  As trail realignment is a costly measure, it should in this case be used as a last 

resort.  Where resource degradation is still a concern but to a lesser degree than that requiring 

low symbolic fencing, natural material scree walls should be installed.   

This research confirmed the importance of a visually continuous border along the trail to 

help visitors understand where the formal trail is and is not, as well as providing a gentle 

reminder cue at any point where the visitor could have the urge to engage in off-trail behavior.  

The contrast in effects between the blazing treatment and continuous border treatments suggests 

that continuous prompts to remain on the formal trail address the motivation to go off-trail in this 

high use backcountry setting.  To reinforce this visual reminder at key locations including 

informal trail junctions, low-profile symbolic prompter signs could be installed.   At locations 

that are actively degrading, larger educational signage could be installed to sensitize visitors to 

the effect of careless footsteps.  When these signs are used, they can be placed close to the trail 

so that they are easily read in a narrow section so that visitors pass it single file. 
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Video-Based Data Collection 
The researchers would like to note the utility and effectiveness of using a video recorder-

based data collection approach.  By mounting digital cameras throughout the study area, field 

staffing needs (aside from the setup needs of each experimental treatment) were reduced to a 

single technician required to change out the 60 lb. battery and make periodic data backups to 

DVD.  The resolution and placement of the cameras ensured sufficient detail for interpretation of 

visitor location and behavior, but protected the confidentiality of visitors participating in the 

study.  An added benefit was the ability to recheck observational data through later review of the 

video footage in the few ambiguous evaluations that arose during the course of data 

transcription.  Perhaps most importantly, though, the video surveillance approach allowed 

explicit, precise, and reproducible demarcations of on-trail and off-trail locations, a difficulty 

usually associated with studies of this nature.   

A further development of this off-trail zone demarcation technique yielded the sub-

zoning of near off-trail and far off-trail behavior zones, which were mapped to potentially 

differing reasons for going off-trail.  Specifically, near off-trail behavior (within 2m of the 

formal trail) appeared almost always due to a visually unclear edge to the formal trail or the need 

to get around a large cluster of other visitors blocking the way while standing on the trail.  Far 

off-trail behavior, by contrast, usually was due to visitors intentionally seeking alternate routes 

(e.g., to explore) or to seek out vistas along the trail. 

Further Study 
This study did have some limitations and results suggest areas of inquiry for further 

research.  This study examined additive approaches to combining multiple management 

techniques intended to encourage visitors to stay on the formal trail system.  Each experimental 

trial was analyzed for the sum effect of all the techniques used in that trial.  Constraints on 
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staffing and the length of the peak visitor use season prevented the use of a more powerful full 

factorial design that would allow further insight regarding the relative contributions of individual 

techniques within each trial.  This study also assessed the efficacy of a limited subset of 

techniques.  Additional study is suggested to further advance our understanding of the additive 

effects of an expanded range of management techniques for a backcountry trail setting, e.g., 

alternative border materials such as downed logs.   

Finally, the empirical observation approach used in this study is useful as an objective 

measure of visitor behaviors.  However, observation tells researchers little about visitor cognitive 

processes and motivations for undertaking the behaviors that they do.  Ideally, qualitative 

interviews of visitors linked to their observation data would be a powerful means of 

understanding visitor behaviors on trail networks on a reasoning and thought process level.  For 

example, it would be useful to know why some visitors pause to read a sign carefully and why 

others walk past without a second glance.  Further insights of this nature help to expand our 

understanding of the efficacy and suitability of management actions designed to keep visitors on-

trail.  Finally, in evaluating the efficacy of varying management alternatives designed to 

encourage formal trail use, managers and researchers must also consider the site-specific 

aesthetic impacts of a given technique or combination of techniques.  While some research has 

been conducted on this effect, relatively little is known about the potential combined aesthetic 

impacts of multiple additive management techniques.  An attitudinal survey research effort could 

serve to expand the field in this area. 
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Tables 
Table 4-1. Summary of off-trail behavior management techniques included in each 
treatment. 
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Control (baseline) No No Yes No No No No 1 1170 
Blazing No Yes No No No No No 1 847 
Educational Signs Yes Yes Yes No No No Yes 4 773 
Coping Stones, 6 ft No No Yes Yes No No No 2 1261 
Low Scree Wall No No Yes No Yes No No 2 686 
Symbolic Fencing No No Yes No No Yes No 2 818 
Integrated Yes No Yes Yes No No Yes 4 1192 
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Table 4-2. Efficacy of measures designed to encourage visitors to remain on-trail. 

Treatment 

Percentage Off-
Trail Within 2 m 

(n)2 

Percentage Off-
Trail Beyond 2 m 

(n)2 Total n1 
Control (baseline) 49.91 (586)1, a 22.91 (269)1, BA 1174 
Blazing 40.50 (343)2, b 21.02 (178)1, CB 847 
Educational Signs 31.56 (244)3, bc 13.71 (106)2, DC 773 
Coping Stones, 6 ft 48.25 (610)1, ab 29.19 (369)3, A 1264 
Low Scree Wall 21.72 (149)4, d 13.27 (91)2, ED 686 
Symbolic Fencing 11.12 (91)5, e 6.23 (51)4, E 818 
Integrated 24.55 (298)4, cd 11.78 (143)2, 4, ED 1214 

1. Harmonic mean n = 918.49; Bonferroni-type correction applied to significance and grouping 
interpretation. 

2. Tukey‘s HSD groupings as numbered and (conservative Scheffe‘s groupings as lettered). 
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Figure 4-2. Time spent reading educational signage and the effect on off-trail behavior 
rates. 
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Table 4-3. Time spent reading educational signage and the effect on off-trail behavior rates. 

Signage Reading Time 

On-Trail 
Percentage 

(n) 

Percentage Off-
Trail Within 2 m  

(n) 

Percentage Off-
Trail Beyond 2 m 

(n) Total 
Less than 2 seconds 63.30 (176) 18.34 (51) 18.34 (51) 278 
2 to 4 seconds 77.44 (103) 15.03 (20) 7.518 (10) 133 
4 to 6 seconds 63.63 (35) 21.81 (12) 14.54 (8) 55 
More than 6 seconds 57.69 (30) 23.07 (12) 19.23 (10) 52 
Total 66.40 (344) 18.33 (95) 15.25 (79) 518 

Note: data represent only uphill travelers within the educational signage treatment. 

  


