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More information: www.mountaininvasions.org
Background and aims:
The MIREN Trail surveys have been developed in addition to the MIREN T-Road Survey (Seipel et al. 2012) to examine the patterns of mountain plant invasions along recreational trails. It is intended for trails used for any recreational activities such as hiking, horse riding, mountain biking and running, among others. 
Why monitoring non-natives in trails is important?
In addition to the effects of roads on the invasion of non-native species in mountains, another anthropogenic factor that can facilitate this effect is recreational trails (Barros and Pickering, 2014; Wolf and Croft, 2014, Anderson et al. 2015). Many mountain areas around the world are popular destinations for hiking and other recreational activities such as horse riding and mountain biking with recreational trails being one of the most common types of infrastructure. Recreational trails might affect the distribution of both non-native and native species, critically changing the species dynamics in mountain systems. They can favour the establishment of non-native plants through trampling, resulting in reductions in diversity and cover of native vegetation and alteration in soil conditions. Trail edges might also host a larger diversity of both natives and non-natives, due to small-scale variation in abiotic conditions and biotic interactions (Lembrechts et al. 2014). Some non-native plants can also be unintentionally introduced into mountain areas on hikers’ clothing and shoes and in the dung or fur of recreational pack stock (Pickering and Mount, 2010; Ansong and Pickering, 2013, 2014), while similar factors could bring alpine species downhill. In some areas, recreational trails have historically, or are currently, been used to move livestock, which acts as a very effective vector of both native and non-native plants as well. While many of the processes are expected to be similar to those observed along roads, we do expect key differences in the way species distributions will react to trails, due to the different use, extent and soil characteristics in trail sides. Trails moreover allow us to reach much higher elevations in many mountain regions, improving our knowledge of native and non-native plant species movement in the alpine zone. 
Trail selection
We encourage, whenever possible, to choose trails that that branch from the current MIREN roads, and that cover a steep elevation gradient. However, the trail survey is also highly valuable independently of the MIREN road surveys, e.g. for mountain regions with limited amounts of mountain roads, especially towards the alpine zone. 
Ideally, at least three trails should be selected per region, yet as often mountain trails are locally more numerous and shorter than roads, more trails can be selected per region if the research group considers this important. 
Trails should be currently open for recreational activities (e.g. hiking, mountain biking, horse riding) and where a choice of trails exists, those with the broadest elevation range capturing the geographic/environmental variation within each region should be prioritized. 
For the total sampling area, the trail head is considered as the starting point, the highest elevation point of the trail is considered as the end. Consider using single trails that are officially marked and avoid trails that are no real trails (e.g. small undefined informal trails). 
Plots should be marked permanently and photographs taken to allow the plot to be relocated. We aim to repeat the survey every five years. 
Placing transects
We have included two alternatives based on trail characteristics. For all cases we encourage not to record only altitude, but also distance from the trail head and other focal points (e.g. huts, ski resorts, camping grounds) as important factors that can influence non-native plants occurrence. Hence, tracking the whole trail with a GPS is essential to record distance to the trail head and also to focal points. The T- transects should be as a minimum 50 m in elevation apart and/or 100 m in distance apart, and a minimum of 10 transects is required per trail (yet ideally 20 transects are placed). 
1- Use fixed distance intervals instead of dividing into altitudinal bands (e.g. Mallen-Cooper and Pickering, 2008). Using fixed intervals can be particularly useful when trails are flat or up and down.
2- Divide into altitudinal bands (e.g. 50 m or if a broader elevational range 100 m) using same method as for the road survey: placing transects at the intersection of the trail at each contour line and, if the trail crosses the contour line more than once choose the first intersection. This could be feasible for cases where there is a broad elevational range and there is a regular slope. 


Transect measurements
The total sampling area consists of 4 plots (Figure 1): 
1) One parallel plot of 2 x 50 meters in the trail side to measure presence/absence of plant species (optional).
2) Three plots of 2 x 10 meter with a T design to measure additional cover and abundance of the species.
The first plot of 2 x 10 meter should be located at the middle of the large 2 x 50 m plot (25m), and the two other plots into the natural vegetation (Figure 1). The large 2 x 50 m is optional and depends on time issues in each region. It serves to compare statistically the presence/absence data with the parallel plots from the established T-Road Survey, correcting for plot-size related errors, yet the trail surveys can be stand-a-lone surveys with only the 2 x 10 meter plots. The difference in length of the perpendicular plots compared to the T-Road survey is because the effect of trails on non-natives occurrence would be smaller than the effect of roads based on previous research (Wolf and Croft, 2014). 
The outside edge of the trailside section of the transect should be placed at the first occurrence of the trailside vegetation. The side of the trail to sample will be decided either randomly or because of accessibility. Only non-natives are mandatory to record, but recording natives is greatly encouraged. If the particular group considers this important they could subdivide the plots into 2 m2 plots for better accuracy. Per trail, at least ten sites are required, depending on the length and altitudinal range of the trail. 
General data to record
The general data to record will be included on a template excel datasheet
(1) Trail information
1.	Length, altitudinal range – the trail can be tracked with the GPS to get exact distance to each plot to focal points and trail head. 
2.	Trail type (e.g. formal/informal) – for examples how to classify see Marion et al., 2006 and Marion and Leung, 2011.
3.	Average width (the width can be measured at each T-transect) and substrate of the trail (e.g bare soil, mown grass, tarmac, concrete)
4.	Type of recreational activity undertaken (e.g. hiking, mountain biking, horse riding, trail bike riding, all-terrain motorized vehicles, all)
5.	History of the trail (if known, how long it has been used for, has it been used previously for motorized activities? E.g. old road converted into a trail?)
6.	Proximity to focal points (village, campsite, huts, roads, others – please specify). Along the trail mark with the GPS the focal points if possible. 

(2) Transect information (for each ‘T’ transect)
a.	Region – a unique two letter code (e.g. AU for Australia)
b.	Trail name – a unique two letter code (e.g. BP – Beartooth Pass)
c.	Transect – numbered from 01-20 with 01 being the lowest and 20 the highest
d.	Latitude – to be recoded in degree decimals at the middle of each plot.
e.	Longitude - to be recoded in degree decimals at the middle of each plot.
f.	Observers – initials of the team in the field
g.	Date – of the field survey
h.	Mountain Zone – lowland, montane, alpine, nival (permanent snow). 
i.	Elevation – record in meters above sea level
j.	Protected area – is the transect situated in a protected area (yes/no)?
k.	Trail verge width (m) 
l.	Trail category (formal or informal)
m.	Trail substrate (bare soil, mown grass, paved, dirt, steel mesh, board walk)
n. 	Type of recreation activity (mountain bike, hiking, horse riding, trail bike riding, etc).
o.	Herbivores – (e.g. horses, rabbits, deer) if known
p.	Distance from trail head (two distances can be calculated with the GPS, the vertical distance and the distance following the trail path). It is important to track the whole trails sampled so these calculations can be made. 

(3) Environmental information (for each plot)*
q.	1 = large 2x50 plot (optional), 2 = small 2x10 trailside plot, 3 = mid plot, 4 = far plot, furthest part of the leg of the “T”
r.	Habitat – forb-grass, shrubland, open forest, closed forest, bare-rock, riparian-wetland.
s.	Disturbance type – none, human, animal, environmental. See the definitions below.
t.	Disturbance intensity – 0, 1, or 2. See definitions below. 
u.	Disturbance rating: Start by stretching the tape lengthwise along the plot. Before walking on or disturbing the plot examine the plot and determine how much of the area has apparent disturbance (physical disturbance to soil and plants)
v.	Bare ground cover – percentage of bare ground recorded in the Cover increments 0-8 listed in # 2 (below).
w.	Bare rock cover – percentage of open rocks recorded in the Cover increments 0-8 listed in # 2 (below).
x.	Vegetation cover – percentage of vegetation cover in the Cover increments 0-8 listed in # 2 (below).
y.	Forest canopy cover – percentage of sky blocked by forest canopy in the Cover increments 0-8 listed in # 2 (below).
z.	Shrub cover – percentage of sky blocked by shrubs in the Cover increments 0-8 listed in # 2 (below).
aa.	Herb cover – percentage of soil blocked by herbs/forbs and grasses in the Cover increments 0-8 listed in # 2 (below).
ab.	Riparian/wetland present - Is there water in the plot (Yes/No)?
ac.	Fenced – either fenced or not fenced (yes or no).
*Other environmental information that could be recorded (but not mandatory)
-	Herbivore Disturbance Rating –evidence of herbivore disturbance recorded in the Cover increments 0-8 listed in # 2 (below). 
Specify Herbivore types= i= invertebrate, v=vertebrate, b=both 
-	Trampling Disturbance Rating – evidence of trampling recorded in the Cover increments 0-8 listed in # 2 (below).
Specify type of trampling. h = hikers, m=mountain bikers, p = pack animals, b = mountain bikers, multiple uses=mu, o= other (specify)

(4) Species – specific data within each plot 
1. 	Presence – absence. This will be recorded in all 4 plots, first plot optional (Figure 1)
2. 	Abundance on the scale 0 = absent; 1 = 1-10 individuals (or ramets); 2 = 11-100 individuals; 3 = >100 individuals. Recorded in the 3 plots of 2 x 10 meters.
3. 	Cover of each species recorded using the following scale: 0 = none, 1 = 1%, 2 = 1-5%, 3 = 5-25%, 4 = 25-50%, 5 = 50-75%, 6 = 75-95%, 7 = 95-99%, 8 = 99-100%. Recorded in the 3 plots of 2 x 10 meters.

Detail of levels of environmental data
Mountain zone. Based on definitions of Körner and U.S. Federal Geographic Data Committee--Vegetation Subcommittee:
· Lowland - A large land area with vegetation reflecting limits set by regional climate and soil/site conditions; an area where elevation is not the primary gradient affecting vegetation zonation.
· Montane - The zone in mountainous regions where the influence of altitude (vertical relief) results in local climatic regimes that are sufficiently different from those in the adjacent lowlands as to cause a complex vertical climate-vegetation-soil zonation; includes vegetation at the base of a mountain when it is different from lowland vegetation.
· Alpine - The zone on mountain tops between permanent snow and the cold limits of trees.
· Nival – The zone where permanent snow and ice cover exists.
Habitat type. Definitions are based on the structure of the vegetation.
· Forb-grass – vegetation dominated by grasses and forbs.
· Shrubland – vegetation often dominated by shrubs up to five meters tall. 
· Open forest – forest with an open canopy, where large gaps exist between trees.
· Closed forest – forest where canopy cover is high and only a few small gaps exist the canopy.
· Bare-rock – habitat dominated by bare ground or rock where the vegetation is sparse.
· Riparian-wetland – riparian areas are contiguous to and affected by surface and subsurface hydrologic features either perennial or intermittent
Disturbance type. The definitions are based on the major causes of disturbance.
· None – There is no visible sign of disturbance of any kind, vegetation is intact adjacent to the trail
· Human – Signs that humans have recently influenced the vegetation, these may include agriculture, forestry, mowing, digging, and construction, litter, trash, off trail trampling, others (specify). Recorded at the T-transect scale
· Animal – grazing, trampling or disturbance caused by wild or domesticated animals. Recorded at the T-transect scale.
· Environmental – these include geomorphologic processes such as flooding, rock slides, erosion, fire. Recorded at the T-transect scale. 
Disturbance intensity. The intensity to which the plot has been disturbed is based on disturbance type and the impact that the disturbance has on the plot.
· None – No visual impact to the vegetation or soil from a recent disturbance
· Some - Moderate amounts of disturbance to the vegetation and soil; the disturbance may have been severe but occurred more than 10 years ago and the plot is recovering.
· A lot – Very recent disturbance that has altered a large proportion a plot’s soil properties and vegetation.
For disturbance intensity we recommend using numerical scale as done for herbivory and trampling disturbance. It could be done with the same scale of 0 to 5, including the percentage of the plot disturbed (for any type of disturbance – eg. Mowing, grazing, trampling).
Other environmental data that could be recorded
Climatic data (optional): it is encouraged to use iButtons to get information about the real-time temperatures along the transects , similar to the starting project along the MIREN roads (protocol available). The suggestion is to use 2 iButtons per transect, one at the trail edge and one between the edge of the mid and far transect (10 m). If not possible to put the iButton in a safe location in the trail we encourage to put only the sensor at 10 m from the trail. 
Regional description
Each group should include a brief description of their region (800 words), including land-use, climate, geology and a description of the main vegetation types and their characteristics. We encourage to take pictures of each site. 
Data management
We have developed a template datasheet to record the data. Please send the data to miren.trails@gmail.com

Sampling design
               = 1 plot of 2 x 50 m fast sampling (only presence/absence data)
· optional

               = 3 plots of 2 x 10 m intensive sampling (presence/absence, cover and abundance)            
· mandatory
Trail
Area next to trail

Figure 1. Details of plot layout of the MIREN T-trail survey. Note that data from the 2 x 50 m plot was not included in this paper.
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