Trail Impact Monitoring
Introduction 
The objective of developing this Wildland Trail Impact Monitoring Manual is to provide a consistent process for monitoring trails in wildland recreation areas in the NYSDEC lands.  The most common and potentially important types of impacts have been identified for wildlands unique to New York State and are included in this protocol. Due to differences in ecosystems and other parameters, not all sites will have all indicators, however, this protocol provides instructions on monitoring all indicators.  Field technicians should determine which indicators are appropriate for the particular campsite or group of campsites being monitored.  

Wildlands are considered any parcel of New York State land designated as wilderness, wild forest, primitive area, or canoe area as defined by the Adirondack Park and Catskill Park State Land Master Plans.  According to the Adirondack Park and Catskill Park State Land Master Plans, a trail is a “marked and maintained path for travel located and designed to provide for reasonable access on a manner causing the least effect on the surrounding environment” (p.17). 

This manual details instructions for two trail segment sampling.  Trail segment sampling is a systematic random sampling procedure that measures impacts for 100 foot segments along a trail.  Instructions for this strategy can be found in the Trail Impact Monitoring Procedures.  
Sample Plan
According to the Adirondack and Catskill Park State Land Master Plans all Unit Management Plans must include an inventory of public use, an assessment of areas threatened by overuse, and an assessment of carrying capacity (NYSDEC, 2001; NYSDEC. 2008).  While a census of this information is necessary and preferred to completely understand visitor use, budgets, staff shortages, and time often prevent complete censuses from being collected.  In order to comply with the state land master plans, a sampling plan needs to be developed to collect data that contains a representative sample of the parameters of interest. “Sampling is the systematic strategy by which data are to be collected” (Watson et al., 2000, p. 43).  All impact monitoring and visitor use estimation systems require a well developed sampling plan because proper sampling techniques ensure that the data are representative of the larger population from which they are drawn (Cole, 1989; Watson et al., 2000).  Monitoring is meant to measure the conditions of resources affected by recreational use and visitor experiences but it is not the same as a maintenance assessment that searches for problems (although both can be done during the same field work).
The steps for developing a sampling plan for trail impact monitoring are:
Step 1: State Objectives 

“The statement of objectives is a justification or outline of the reasons for collecting a specific set of information” (p. 7).  In other words, it is a statement of why monitoring is to be performed.  The objectives need to be stated clearly because they direct the course of the monitoring by determining the general types of information to be collected and the purpose for which it is collected.  It is important to note that objectives are not an accumulation of information for its own sake.  Objectives include the identification of a specific management problem in terms that attempt to address the problem and can be taken from or developed following a unit management plan (UMP).  

The statement of objectives for a trail impact monitoring procedure does not need to be long and should be straightforward.  It should include the following information:

1. Participants – This includes all the individuals and groups associated with the monitoring procedure.  This will include at least the unit manager and the individuals conducting the monitoring.  
2. Goals – This is defined in terms of what is to be obtained.  For trail monitoring, this may include an inventory of trails, monitoring trends in resource conditions, and/or evaluating maintenance needs.  

3. Practical Application​​ – The context in which the information will be used should be clearly stated.  For trail monitoring, the application may include complying with a UMP objective or recommended management activity.  

4. Scope – The scope describes the extent to which the results can be applied and the future implications of the results.  The scope of a trail impact monitoring procedure may be limited to the unit where the trails are located.  

Step 2: Identify Variables to be Sampled 

Once the objectives are clearly stated, the investigator must decide on the kinds of measurements and observations to be made.  Certain attributes of trails have been identified by the literature as significant for monitoring impacts to the resource (Marion, 1991; Watson et al., 2000). These attributes are listed and described in the Trail Impact Monitoring Procedures.

Step 3: Define Sampling Unit
To define the sampling unit for a trail impact monitoring procedure, the population and sampling frame need to be defined.  The population will consist of all the trails in a particular unit management area.  The sampling frame will be the designated the trail in need of monitoring.  The sample unit is a 100 foot segment (trail segment sampling). 
Be sure that the visitor use characteristics are relatively uniform over the entire trail segment being sampled. Sampled trails may have substantial changes in the type or amount of use over their length. For example, one portion of a trail may allow horse use or another trail may join the study trail, significantly altering use levels. In these instances where substantial changes in the type and/or amount of use occur, the trail should be split in two or more segments and assigned separate names and forms, upon which the differences in use can be described.    

Step 4: Choose Appropriate Sampling Design
A sampling design is the method by which an investigator selects potential trails from the population and can be statistical and non-statistical. Examples of statistical sampling designs include random, systematic, stratified, or cluster sampling.  Convenience or judgment sampling are considered non-statistical sampling designs.  Statistical sampling designs are preferred for studies that involve making an inference about the population as whole.
There are several considerations that should be made when choosing to use a statistical or non-statistical sampling design.  The choice will be determined by the objectives of the monitoring procedure.  If a representative sample of trails is desired for monitoring, then a statistical procedure can be used to randomly select trails to monitor.  For examples of statistical sampling designs see Watson et al., 2000.     

Step 5: Select the Sample Size 

When using a statistical sampling design, the sampling size cannot be determined without an estimate of the variability of the response or item of interest.  Estimates of variability can be obtained with an estimated population standard error from preliminary data or from previous studies.  As a rule of thumb, regardless of which sampling strategy you are using, select at least 50% of the trails within the management area for monitoring.
Step 6: Complete the Field Sampling Strategy
The field sampling strategy includes when, where, and how the sampling will be conducted.  Trail impact monitoring is usually conducted during mid to late summer because that is when trail impacts are most easily observed in “typical” conditions for use. Weekends are typically busier than weekends which may result in more crowded trails; weekdays may be better time to sample because fewer visitors will be impacted by the measurement.  The time of year may vary depending on what specific impacts are being measured (e. g. spring erosion versus end of season trampling by visitors).   

The sampling frame sets the boundaries within which the sampling will be conducted; this is typically a unit management area.  Trail impact monitoring takes place along trails; which trails are selected depends on the monitoring objectives. For monitoring impacts to trails, trained field techs are sent to trails with a set of instructions, forms, and tools for measuring and monitoring trail impacts.  Instructions are detailed in the Trail Impact Monitoring Procedures.
Preparations:
· Collect and record information that is known about the trail’s history, such as original construction, past uses, type and amount of maintenance, history of use, etc. 
· Gather the following materials and equipment and make sure all equipment is working properly:
	Materials & Equipment 
	

	· This Manual
	· Measuring Wheel

	· Field Forms
	· Compass

	· Maps of the management unit
	· 

	· Driving Maps to get tot the unit
	· Clinometer

	· Clipboard
	· Binder Clips

	· Pencils
	· Camera

	· Tape Measure (12ft)
	· PGS Unit


Trail Impact Monitoring Procedures 
Trail Segment Information

The following information is for the trail segment sampling strategy.  It refers to characteristics of specific trail segments.  Record the following information on the Trail Condition Monitoring Form.  
1. Trail Code:  Record a unique trail code for the management unit.

2. Trail Name:  Record the trail segment name(s).  

3. Inventoried By:  Record the names of the trail sample crew.

4. Date: Record the Day, Month, and Year the trail was sampled.

5. Starting/Ending Point: Record a brief description of the starting and ending point of the trail survey.  Try to choose identifiable locations like the center of intersections with other trails, roads, or permanent trailhead signs.  Record a GPS waypoint and record the east (UTM) and north (UTM) coordinates on the Point Sampling Form for both the starting and ending point.  If managers have an accurate and current maps other surveyed trail, it is not necessary to GPS is again.
6. Use Level: Record an estimate of the amount of use the trail receives (high, med., low), relative to other forest trails, from the most knowledgeable staff member.  Work with them to quantify use levels on an annual basis (e.g., low use: about 100 users/wk for the 12 wk use season, about 30 users/wk for the 20 wk shoulder season, about 10 users/wk for the 20 wk off-season =  about 2000 users/yr).  

7. Use Type:  Record the primary type of use the trail receives (including any illegal uses).  This should be the use type that has the largest impact on the trail (A trail that allows hiking and horseback riding would be recorded as a horse trail). This should be provided by the most knowledgeable forest staff member.
8. Trail Condition Class: Use the following condition classes to assess each trail and track changes in their general condition (Marion, 1991).  This is to be assessed and recorded after sampling has been completed for a particular trail.  
	Class 1:
	Trail Distinguishable: Minimal biological or physical impacts, slight loss of vegetation and/or minimal disturbance of organic litter

	Class 2:
	Some Impacts: Tail obvious, slight loss of vegetation cover and/or organic litter pulverized in primary use areas, muddy spots or tree roots, or water action evident. 

	Class 3:
	Moderate Impacts: Vegetation cover and/or organic littler pulverized within the center of the tread, exposed rocks and trees or small mud holes, but little evidence of widening beyond the maintained width of the trail.

	Class 4:
	Extensive Impacts: Near complete or total loss of vegetation cover and organic litter, rocks or tree roots exposed and roots damaged, or ruts more than 20cm (7.8 inches) deep, or widening caused by muddy areas or water action consistently.

	Class 5:
	Very Extensive Impacts: Trail to bedrock or other substrate, or tree roots badly damaged, or some ruts more than 50 cm (19.5 inches) deep or large areas (over 50%) of bank erosion, or mud holes so extensive that the trail is outside of its maintained width. 


9. Trash/Garbage: Keep a tally of the number of pieces of trash and garbage found along the trail.  Record this number using the appropriate category on the Trail Segment Assessment Form
10. Human Waste: Keep a tally of the number of signs of human waste defined as separate locations where human feces is present found along the trail.  Record this number using the appropriate category on the Trail Segment Assessment Form.

11. Trail Segment Number (TSN): Record a sequential number for the beginning point of each segment sampled (first segment is #1, second segment is #2).  
12. Distance (Dist.):  Measuring wheel distance (ft) from the beginning of the trail to the beginning of the trail segment to be sampled. 

13. Tread Condition Characteristics (TCC):  Along the 100 foot trail segment, estimate to the nearest 10% (5% where necessary) the aggregate lineal length occupied by any of the mutually exclusive tread surface categories listed below (Marion, 1991).  Be sure that your estimates sum to 100%.  Record these on the form by labeling sections of the appropriate row with the relevant code separated by marked vertical lines indicating the appropriate percentage cover for each code.  

	S-Soil
	All soil types including sand and organic soils, excluding organic litter unless highly pulverized and in a thin layer or smaller patches over bare soil.

	L-Litter
	Surface organic matter including intact or partially pulverized leaves, needles, or twigs that mostly or entirely cover the tread substrate.

	V-Vegetation
	Live vegetative cover including herbs, grasses, and mosses rooted within the tread boundaries.  Ignore vegetation hanging in from the sides.

	R-Rock
	Naturally-occurring rock (bedrock, boulders, rocks, cobble, or natural gravel).  If rock or native gravel is embedded in the tread soil estimate the percentage of each and record separately.  

	M-Mud
	Seasonal or permanently wet and muddy soils that show imbedded foot or hoof prints from previous or current use (omit temporary mud created by a very recent rain).  The objective is to include only transect segments that are frequently muddy enough to divert trail users around problem.  

	G-Gravel
	Human-placed (imported) gravel.

	RT-Roots
	Exposed tree or shrub roots.

	W-Water
	Portions of mud-holes with water or water from intercepted seeps or springs. 

	WO-Wood
	Human-placed wood (water bars, bog bridging, cribbing).

	O-Other
	Specify.


14. Muddy Soil (MS): Record the starting point (a. SP) and ending point (b. EP) of any section of a segment that is ten feet or greater in length with seasonal or permanently wet and muddy soils that show imbedded foot or foot prints greater than half and inch deep.  Omit temporary muddiness created by recent rain.  

15. Soil Erosion (SE): Record the starting point (a. SP) and ending point (b. EP) of any section of a segment that is ten feet or greater in length with soil erosion generally exceeding five inches in depth within the current tread boundaries.  Categorize the soil erosion as one of the following classes (c. Class).

· Slight: Soil erosion is 5 – 10 inches in depth

· Moderate: Soil erosion is 10.1 – 15 inches in depth

· Severe: Soil erosion is 15.1 – 20 inches in depth

16. Drainage Dip: Record the distance (a. Dist.) of each drainage dip encountered from the measuring wheel and categorize it as one of the following classes (b. Class).
· Ineffective: the drainage dip does not redirect any water 
· Partially effective: the drainage dip redirects some water but some water still flows over and erodes soil.
· Effective: the drainage dip completely redirects the flow of water off the trail
17. Water Bar: Record the distance (a. Dist.) of each water bar encountered from the measuring wheel and categorize it as one of the following classes (b. Class).
· Ineffective: the water bar does not redirect any water 
· Partially effective: the water bar redirects some water but some water still flows over and erodes soil.
· Effective: the water bar completely redirects the flow of water off the trail
18. Informal Trails (IT): Informal trails are trails that visitors have created to access features such as streams, scenic attraction sites, cliffs, vistas, cultural sites, or to cut switchbacks, avoid mud-holes, rutted trails, steep obstacles, or downed trees, or that simply parallel the main trail.  Do not count formal trails, roads of any type, extremely faint trails with un-trampled vegetation, trails less than ten feet long, or trails that have been effectively blocked off by managers.  If the informal trail reconnects with the formal trail, disregard this end.  If another informal trail branches from the first one, finish walking the first trail, then return to the beginning of the second trail and record the distance from the beginning of the first formal trail (note that it is an informal trail branching from another informal trail, the GPS coordinates from the beginning of the second informal trail, the length and condition class.

a. Distance (Dist.): Record the trail distance from the measuring wheel for the start of each informal trail that intersects the survey trail segment in feet.  
b. Length: Using the measuring wheel or the tracking feature on a GPS unit, walk and record the length of the informal trail in feet.

c. Informal Trail (IT) Condition Class: Record a trail condition class using the descriptions below  (Marion, 1991)
	Class 1:
	Trail Distinguishable: Minimal biological or physical impacts, slight loss of vegetation and/or minimal disturbance of organic litter

	Class 2:
	Some Impacts: Tail obvious, slight loss of vegetation cover and/or organic litter pulverized in primary use areas, muddy spots or tree roots, or water action evident. 

	Class 3:
	Moderate Impacts: Vegetation cover and/or organic littler pulverized within the center of the tread, exposed rocks and trees or small mud holes, but little evidence of widening beyond the maintained width of the trail.

	Class 4:
	Extensive Impacts: Near complete or total loss of vegetation cover and organic litter, rocks or tree roots exposed and roots damaged, or ruts more than 20cm (7.8 inches) deep, or widening caused by muddy areas or water action consistently.

	Class 5:
	Very Extensive Impacts: Trail to bedrock or other substrate, or tree roots badly damaged, or some ruts more than 50 cm (19.5 inches) deep or large areas (over 50%) of bank erosion, or mud holes so extensive that the trail is outside of its maintained width. 
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Trail Impact Monitoring Form
	1. Trail Code:
	
	
	

	2. Trail Name:
	
	
	

	3. Inventoried By:
	
	
	

	4. Date:
	
	
	

	5. Starting Point:
	
	East (UTM):
	

	
	
	North (UTM):
	

	
	
	
	

	Ending Point:
	
	East (UTM):
	

	
	
	North (UTM):
	

	
	
	
	


	6. Use Level:
	· Low
	· Medium
	· High
	
	

	7. Use Type:
	· Hike
	· Horseback
	· Bike
	· Other:
	

	8. Trail Segment Condition Class
	· Class 1
	· Class 2
	· Class 3
	· Class 4
	· Class 5

	9. Trash/Garbage
	· None
	· 1-3
	· 4-6
	· 7+

	10. Human Waste
	· None
	· 1-3
	· 4-6
	· 7+


	11. TSN
	

	12. Distance
	

	13. TCC
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	14. MS
	a. SP
	

	
	b. EP
	

	15. SE
	a. SP
	

	
	b. EP
	

	
	c. Class
	· Slight

	
	
	· Moderate 

	
	
	· Severe

	16. DD
	a. Dist.
	

	
	b. Class
	· Ineffective

	
	
	· PE

	
	
	· Effective

	17. WB
	a. Dist.
	

	
	b. Class
	· Ineffective

	
	
	· PE

	
	
	· Effective

	18. IT
	a. Dist.
	

	
	b. Length
	

	
	c. ITCC
	· Class 1

	
	
	· Class 2

	
	
	· Class 3

	
	
	· Class 4

	
	
	· Class 5
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