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EXECUTIVE SUMMARY

In Montana, Wyoming, Colorado and Utah,
extremes of mountain climate, high elevations
and characteristic geology produce a large
range of natural variability within ecological
systems. Even under minimal human distur-
bance regimes, environmental gradients can
result in wetlands with very low vegetation
cover, low species diversity and unpredictable
hydrologic shifts. Documenting the range of
variability found under minimally disturbed
conditions can help distinguish signal from
noise when assessing more altered occur-
rences, and aid in the calibration of assessment
metrics.

The project was a collaboration between the
Montana Natural Heritage Program (MTNHP),
the Colorado Natural Heritage Program
(CNHP) and the Wyoming Natural Diversity
Database (WYNDD). It had three objectives:
1) identify reference standards for four wetland
ecological systems across four Rocky Moun-
tain ecoregions; 2) assess the range of natural
variability of these ecological systems; and

3) produce a regionally standardized Level 1,
2 and 3 method for assessing and monitoring
wetland condition, including quality assurance
project plans, sampling strategies, and metrics
calibrated to the four different wetland eco-
logical systems. This report summarizes our
approach, activities, and conclusions.

Objective 1 summarizes the approach we used
to identify wetlands in minimally disturbed
condition. We built a regional landscape integ-
rity model based on distance from stressors,
and used this to select minimally disturbed
landscapes. Within this landscape, we used a
spatially balance random sampling approach
to select a sample of wetlands for assessment.
The initial landscape model performed well in
terms of identifying sites with minimal distur-
bance, especially when it was used in conjunc-

il

tion with photointerpretation of more recent
imagery. However, our random sampling did
not produce equal numbers of all wetland eco-
logical systems included in the study. Marshes
were significantly underrepresented, and we
think it is likely that our sample did not rep-
resent the full range of fens found across the
region.

Objective 2 describes the attributes, indicators
and metrics we used to determine the range

of natural variability found in the minimally
disturbed sites we sampled. We found con-
siderable variability in the vegetation of our
study sites. Analysis of intensive vegetation
plots and derived metrics showed clear patterns
of regional and typological variability. The
Southern Rockies and Wasatch-Uinta Moun-
tains had consistently higher metric values than
the Middle Rockies and Canadian Rockies for
all Floristic Quality Assessment (FQA) calcu-
lations except exotic species richness. Riparian
shrublands had the highest species richness
across all Level III Ecoregions, followed by
wet meadows. Fens had the lowest species
richness in the Middle Rockies, Southern
Rockies, and Wasatch-Uinta Mountains, while
emergent marshes had the lowest richness in
the Canadian Rockies. Riparian shrublands
and wet meadows also had the highest Shan-
non-Wiener diversity indices, whereas marshes
had the lowest across all Level III Ecoregions.
Results for Floristic Quality Index (FQI)
values followed similar patterns, with riparian
shrublands and wet meadows having the high-
est FQI values across Level III Ecoregions.
Emergent marshes had the lowest FQI values
in all Level III Ecoregions except the Middle
Rockies, where fens had the lowest FQI values.

Objective 3 discusses our draft protocol and its
performance. Because we were only looking at
reference standard sites we could not evaluate



whether or not individual metrics were sensi-
tive to human disturbance. Instead, we wanted
level 2 metrics that had either had a consistent
value across all wetlands in the study, or met-
rics whose variable response was easily cor-
related to specific wetland types. Unlike the
Level 3 FQA metrics, which were intended to
capture a range of natural variation that could
be used to calibrate Level 3 protocols to spe-
cific wetland types and ecoregions, any Level
2 metric that had a wide range of unexplained
scoring values when applied to reference stan-
dard sites was considered unsuitable for inclu-
sion in a future protocol. We saw little varia-
tion among sites in terms of landscape context,
hydrology, and physiochemical/soil metrics.
However, regeneration of native woody spe-
cies, vertical overlap of vegetation strata,
horizontal interspersion of vegetation zones,
and number of structural patch types had wide
ranges of response, leading us to conclude that
these would not be good metrics for detecting
the results of human disturbance.

The report concludes with our overall conclu-
sions and recommendations. In particular, we
conclude that the random sampling approach
used in this study was preferable to targeted
sampling of reference wetlands, avoiding

v

the tendency to identify the largest and most
diverse examples of wetlands, and thus more
accurately capturing the range of diversity. The
representativeness of the sites can be used to
establish reasonable performance standards for
voluntary and compensatory mitigation. Our
findings that there are regional and typological
differences in the range of natural variability
are of particular importance. Marshes, with
their low species richness and relatively low
FQI scores, do not compensate for the loss of
wet meadows or fens. In contrast, if a marsh is
an appropriate choice for mitigation and/or res-
toration, then performance standards for FQA
values should be based on what a marsh can be
expected to attain, not on values observed in
fens. Finally, we lay out a number of sugges-
tions for future study. These include the need
for a more nuanced understanding of the geo-
graphic and temporal scales at which landscape
level disturbances affect wetland integrity; a
reevaluation of the appropriate use of structural
diversity metrics as an indicator of habitat suit-
ability rather than condition; research into the
underlying causes of the regional variability
we observed; and further analysis of the fac-
tors that drive species richness and diversity at
individual wetland sites.
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PRrROJECT DESCRIPTION

The Rocky Mountain West has a unique geography,
population distribution, and concentration of
public land ownership. In Montana, Wyoming,
Colorado and Utah, extremes of mountain

climate, high elevations and characteristic geology
produce a large range of natural variability within
ecological systems. In previous field projects,

we have observed that even under minimal human
disturbance regimes, environmental gradients can
result in wetlands with very low vegetation cover,
low species diversity and unpredictable hydrologic
shifts. However, there have been no systematic
studies addressing whether, and to what extent,
these differences represent natural variability
among wetland ecological systems. Because
wetland assessment protocols are predicated on

an assumption that there are distinct, measurable
indicators of wetland condition that will respond
in predictable ways to human disturbance,
documenting the range of variability found under
minimally disturbed conditions can help distinguish
signal from noise in more altered occurrences, and
aid in the calibration of metrics.

The project was a collaboration between the
Montana Natural Heritage Program (MTNHP),

the Colorado Natural Heritage Program (CNHP)
and the Wyoming Natural Diversity Database
(WYNDD). It had three objectives: 1) identify
reference standards for four wetland ecological
systems across four Rocky Mountain ecoregions;
2) assess the range of natural variability of these
ecological systems; and 3) produce a regionally
standardized Level 1, 2 and 3 method for assessing
and monitoring wetland condition, including
quality assurance project plans, sampling strategies,
and metrics calibrated to the four different wetland
ecological systems. This report summarizes our
approach, activities, and conclusions. Objective

1 summarizes the approach we used to identify
wetlands in minimally disturbed condition.
Objective 2 describes the attributes, indicators and
metrics we used to determine the range of natural
variability found in the minimally disturbed sites
we sampled. Objective 3 discusses our draft
protocol and its performance. This is followed

by a summary of our overall conclusions and

recommendations.



OBJECTIVE 1. IDENTIFY REFERENCE STANDARDS FOR FOUR
WETLAND ECOLOGICAL SYSTEMS ACROSS FOUR ECOREGIONS

Background

The Rocky Mountain West is unusual in having an
abundance of land that has been withdrawn from
(or never available to) intensive human use, thus
escaping all but generalized or indirect distur-
bances (e.g. native ungulate grazing, high-intensity
fires caused by suppression of periodic low inten-
sity fires, etc.). In many cases, even landscapes
disturbed by grazing or logging have had sufficient
time to recover (Stoddard et al. 2006). Therefore,
we believed it would be possible to identify a

set of wetlands in minimally disturbed condition
(MDC) across the region,® and describe their biotic
and abiotic attributes in such a way that we could
determine their natural range of variability. We
expected that these minimally disturbed sites would
exhibit a range of natural variability even though
they have been exposed to widespread anthropo-
genic change vectors, such as atmospheric deposi-
tion, and that these sites could be used to describe
reference conditions. A secondary goal was to
create a network of well-documented “sentinel”
wetlands that could be revisited over time to evalu-
ate impacts of climate change, human land uses, or
other natural or anthropogenic factors.

We recognized that some of the variability in wet-
land attributes is predictable based on wetland
type; for example, the calcium-rich groundwater
characteristic of rich fens will often result in great-
er species diversity than is found in wet meadows
or marshes (Chadde et al. 1998). Therefore, we
decided to do an a priori classification of our target
population, both to constrain the variability and to
ensure even representation of wetland types. For

our typology we chose the ecological system clas-
sification developed by NatureServe (Comer et al.
2003).

Ecological systems are groupings of biological
communities occurring in similar physical environ-
ments, and influenced by similar ecological pro-
cesses such as flooding, fire, wind, and snowfall.
Systems typically occur on a landscape at scales of
tens to thousands of acres, and generally persist in
a recognizable state for 50 or more years. By in-
tegrating biotic and abiotic features, the ecological
system concept incorporates elements of the Hy-
drogeomorphic Method (HGM) and the vegetation-
based National Vegetation Classification Standard.
Furthermore, ecological systems are mappable
units that can be classified from aerial or satellite
imagery, and are easily identifiable in the field by
land managers, resource specialists, and planners
(Comer et al. 2003).

Although over 30 wetland/riparian ecological sys-
tems are found in the four states (Montana, Wyo-
ming, Utah and Colorado) included in this study,
only six occurred in all states. Although more
detailed classification possibilities exist, e.g., the
National Vegetation Classification Standard (NVC)
macrogroup level (Faber-Langendoen et al. 2009b),
and could be used to constrain variability, the rela-
tively small sample size that we anticipated (~100
wetlands) required a coarser classification. Of the
six wetland ecological systems occurring in the
four states, two were not suitable for inclusion. One
(the Rocky Mountain Subalpine Montane Riparian
Woodland) occurs only in narrow bands along high

5

Because human alteration of the landscape has occurred at different times and with different intensity across the U.S. and

other parts of the world, it has been suggested that the term “reference condition” has lost its meaning, and should be replaced

by a new set of terms more accurately describing the various expected conditions against which an assessed site can be ranked
(Stoddard et al. 2006). For example, Minimally Disturbed Condition (MDC) can be used for sites occurring in the absence of
significant human disturbance. Such sites exhibit a range of natural variability even though they have been exposed to widespread
anthropogenic change vectors, such as atmospheric deposition. Historical Condition (HC) can describe sites at some point in
history prior to large-scale change, e.g., European settlement of North America. Least Disturbed Condition (LDC) can indicate
sites that are the best in the area or region in terms of physical, chemical, biological, or hydrological properties. Here we
continue to use the term “reference condition” to mean “Minimally Disturbed Condition, in accordance with common practice;
when we refer to historic or least-disturbed conditions, we will use those terms.



order streams, and typically has little true wetland
habitat. The other (Rocky Mountain Lower Mon-
tane-Foothill Riparian Woodland and Shrubland) is
largely found in the wildland-urban interface, and
initial field reconnaissance indicated that we would
be unable to find sufficient examples of this system
in minimally disturbed areas to meet our goals.
The four systems retained in our study were the
Rocky Mountain Subalpine-Montane Fen; Rocky
Mountain Alpine-Montane Wet Meadow; North
American Arid West Emergent Marsh; and Rocky
Mountain Subalpine-Montane Riparian Shrubland.

See Appendix A for descriptions of these ecological
systems.

We further limited our sampling by choosing the
four largest and most mountainous Level III ecore-
gions (Omernik 1987) within our four-state area:
The Canadian Rockies, the Middle Rockies, the
Wasatch and Uinta Mountains and the Southern
Rockies (See Map 1). Level III ecoregions are
delineated on the basis of common geology, soils,
hydrology, topography, climate, vegetation, water
quality, and wildlife.®

Canadian Rockies
Middle Rockies
I Southern Rockies
Wasatch and Uinta Mountains

Figure 1. Study ecoregions, Rocky Mountain Remap Project.

6 The National Wetlands Condition Assessment is using the aggregated ecoregions developed for the Wadeable Streams
Assessment. This aggregated approach rolls up Level 111 ecoregions into 9 broad ecoregions. Our four ecoregions roughly
correspond to the portions of the “Western Mountains” broad ecoregion lying within the four states of our study area.



Methods

Montana, Colorado and Wyoming all have docu-
mented examples of the high quality wetland eco-
logical systems in this study. However, we elected
a probabilistic rather than targeted survey approach
(Herlihy et al. 2008) because we were concerned
that the previously documented sites might be bi-
ased to the largest, most diverse, or most interest-
ing examples of the systems, instead of reflecting
the range of variability that we believed existed
across the region.

We used a two-stage survey design. First, we used
a Generalized Random Tessellation Stratification
(GRTS) sampling design within the package spsur-
vey (Kincaid et al. 2009) in the statistical software
R (R Development Core Team 2009) to select 50
two mile by two mile grid cells within each Level
IIT Ecoregion, and created a grid of points at 100
meter intervals within each selected cell. The
GRTS design is discussed in greater detail under
Objective 3. Given our primary interest in describ-
ing reference standard wetlands, we needed to limit
potential sample sites to minimally disturbed land-
scapes. Additionally, we needed to ensure that sites
were reasonably accessible without excessive travel
on foot. To determine the portions of the study
area that were most likely to feature minimally dis-
turbed landscapes, a landscape integrity model de-
veloped for Montana (Vance 2009) was adopted for
the entire project area. This is an inverse weighted
distance model premised on the idea that ecosys-
tem processes and functions achieve their fullest
expression in areas where human activities have the
least impact. In the case of wetlands, it presumes
that reference standard wetlands are mostly likely
to be found in areas well removed from roads,
commercial or industrial development, urban areas,
resource extraction sites, or hydrologic modifica-
tions. Although GIS data quality varied among the
four states, we were able to identify sufficiently
comparable data sets to build a Rocky Mountain
Landscape Integrity Model that could be used as

an initial predictor of minimally disturbed areas.
Appendix B includes a list of the parameters and

weighting used in the model. We determined which
points in our grid fell within the high integrity land-
scape using Spatial Analyst in ArcGIS 9.3 (ESRI
2008). From the selected points, we eliminated any
points not falling on publicly owned lands or were
greater than 10 miles from a four-wheel drive road.

We used GRTS to order the remaining points for
additional evaluation. We then used aerial photo-
graphs in a GIS to visually examine each of these
points and determine if it occurred within one of
the targeted wetland ecological systems. We also
inspected each point to ensure that there were no
landscape disturbances (e.g., outfitter camps, heavy
livestock use, recent logging or wildfire) that had
been undetected in the GIS data layers. Appendix
C includes the instructions developed for using the
screening parameters and the digital data layers to
select sites from aerial photographs. We selected
points until we had up to three points representing
each wetland system within each grid cell.

Trained field crews navigated with a GPS to the se-
lected sample points. Upon arrival at the point, the
crew first conducted a site evaluation to determine
if the site met the criteria of the target population.
To determine if a wetland was one of the four target
ecological systems, crews used a field key devel-
oped for wetland and riparian ecological systems
of Montana, Wyoming, Utah, and Colorado by the
MTNHP and CNHP (Appendix D). Next, field
crews determined if the site met the criteria defined
for reference standard. These criteria were based
on the parameters used in the initial landscape
integrity model screening, and acted as a final vali-
dation of the model and its assumptions. Table 1
shows the minimum acceptable distance for each
disturbance; if any one of these occurred in closer
proximity, the site was dropped from the sample.

Once the site was verified, an assessment area
(AA) was established,” and crews collected site
information on field forms following the instruc-
tions in the Draft Protocol.8 After basic site data
were recorded, crews assessed the four wetland at-

7

on non-standard layouts and sizes.
8

The standard AA was half a hectare (5000 square meters) in size; see the Draft Protocol (Appendix E) for more information

The Draft Protocol is discussed in more detail under Objective 3.



Table 1. Minimum acceptable distance for disturbance in the landscape screening.

Roads and Highways

* 4x4, dirt > 200 m

* local, city > 300 m

* highways > 500 m
Hydrologic Modification
e canals, ditches > 200 m

* reservoirs > 1,000 m downstream

Land Cover

* high density residential > 2,000 m

e timber harvest > 2,000 m

Land Use

* water right point of use (wells, diversion points, impoundments) > 200 m

* low density residential / high use recreation > 300 m

* crop agriculture / hay pastures > 500 m

* abandoned mines / tailings piles > 500 m
* active gravel pit, open pit, strip mining > 1,000 m

* evidence of heavy livestock use > 200 m

tributes examined in this study: landscape context,
vegetation, physical-chemical features, and hydrol-
ogy. In addition to the condition metrics (discussed
in detail under Objective 2), each attribute had an
associated set of stressor metrics.

For example, crews conducted an assessment of
the landscape context in which the site was found
and identified stressors within a 500 m envelope.
This assessment covered the larger envelope in
which the site occurred, and acted as a validation
of the site selection methodology, providing a final
set of data that could be reviewed during analysis
to ensure that the wetland was indeed reference
standard. Metrics included landscape connectiv-
ity, buffer area and condition and percent natural
cover. Crews also identified landscape stressors in
and around the site. Disturbance thresholds for the
condition assessment were more stringent than for
site selection. For example, a dirt road 300 m from
the AA did not disqualify a site from inclusion in

the sample; however, the road did affect landscape
connectivity measurements. Similarly, while a
fence near the AA would not affect the site’s inclu-
sion in the sample, the fence would be considered
as an anthropogenic impact within the buffer if it
restricted wildlife movement.

Other landscape context metrics also provided us
with an opportunity to verify that the sites retained
in the study met the criteria for minimal disturbed
condition:

Landscape Connectivity: This metric evaluated

the percent unfragmented area within a 500 m
envelope surrounding the AA. For non-riparian
wetlands, crews identified the largest unfragmented
block that contained the AA and estimated its per-
centage of the total area within the 500 m envelope.
For riparian sites, the metric required them to iden-
tify the largest unfragmented area within the geo-
morphic floodplain beginning 500 m above the AA



and extending 500 m downstream. Fragmentation
occurred whenever connectivity was interrupted,
e.g., by heavy grazing, roads, agriculture, residen-
tial development or managed recreational sites.

Buffer extent: This was defined as a buffer of at
least 30 m in width and at least 5 m in length
around the AA. Unpaved, lightly used trails (bike,
foot or horse), natural upland habitats, nature
parks, lightly grazed rangeland, vegetated swales
and ditches, open water and vegetated levees all
were considered to be buffering land covers, while
land cover types such as corrals, horse paddocks
or heavily used trails were not. Buffer width was
defined as the width of uninterrupted buftfer (up

to 200 m) around the AA. Buffer condition was
evaluated within a 200 m envelope surrounding the
AA. Condition metrics included the percent native
plant cover, evidence of human visitation, and soil
disturbances within the buffer area defined by ex-
tent and width.

Landscape stressors were ranked based on their
scope (amount of the envelope affected) and sever-
ity (likelihood that the stressor, if continued, would
degrade wetland function or condition). A full list
of stressors and scope/severity rankings can be
found in the Draft Protocol.

Results

The initial landscape model performed well in
terms of identifying sites with minimal distur-
bance. In Montana, 9% of the sites selected with
the model were disqualified based on disturbances
detected during aerial photo inspection. Additional
sites were disqualified in the field (9 of 45 visited,
or 20%). Two of these were disqualified because
of heavy livestock grazing and invasive species
that were not detectable with the GIS model or the
aerial photos. The remaining sites were disqualified
for reasons unrelated to disturbance because they
did not meet the 0.5 ha minimum sampling size
(3); were too deep to be sampleable (2); were not
wetlands (2); or, in one case, because the wetland

was the same system type as a previously sampled
wetland in the same cell.

For the sites that passed all screening the field as-
sessments further validated the relative absence

of stressors. In the landscape context assessment,
within the 500 m envelope surrounding the AA,
nearly all (90%) non-riverine sites (n = 70) had
100% landscape connectivity; one site had 99%
connectivity; one site had 95% connectivity; three
sites had 90% connectivity; and two sites had 70%
connectivity. All riverine sites (22 sites) had 100%
landscape connectivity. Similarly, nearly all sites
(97%) had a buffer extent of 100%; 96% had a
buffer width of at least 187 m. Only one site had

a buffer width less than 150 m. Within the 200 m
envelope surrounding the AA, 96% of selected sites
had > 95% native vegetation cover and < 5% cover
of non-native plants.® The remaining sites had >
75% native vegetation cover and 5 to 25% cover of
non-native plants.

Assessment of stressors affecting the other attri-
butes—vegetation, hydrology, and physicochemical
factors— confirmed the identification of the select-
ed sites as minimally disturbed. Tables 2 through
4 list the anthropogenic and environmental stress-
ors considered for each attribute. Each table shows
the number of sites at which a particular stressor
was observed as well as the range of scope and
severity ratings. No hydrology stressors were ob-
served at any wetland site within the project area.

The most common stressors observed across the
study area were related to grazing by livestock or
native ungulates. Crews examined woody veg-
etation for evidence of browsing, and looked for
soil compaction or pugging, as well as wallows.
If ancillary evidence (cowpies, hoofprints, cattle
presence) was available, crews noted that cattle
were the common grazers. Otherwise, we felt it
was impossible to determine what animal (e.g.,
elk, moose, deer, mountain goats or bighorn sheep)
was the dominant herbivore. However, based on
the infrequency of cattle evidence, it appears that
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It should be noted that most of the non-native plants in the assessments were nearly ubiquitous, non-native species as

dandelion and Kentucky bluegrass; dandelion was, in fact, one of the most commonly encountered species in the study.



Table 2. Landscape context stressors

Range of Range of

Stressor Number Scope Severity

of Sites Ratings Ratings
Paved roads / parking lots 2 0-1 1
Unpaved Roads (e.g., driveway, tractor trail,
4-wheel drive roads) 8 0-2 1
Domestic or commercially developed
buildings 1 1 1
Intensively managed golf courses, sports
fields 0 --- ---
Gravel pit operation, open pit mining, strip
mining 0 - -
Mining (other than gravel, open pit, and strip
mining), abandoned mines 0 - -
Resource extraction (oil and gas) 0 - -
Vegetation conversion (chaining, cabling,
rotochopping, clearcut) 1 2 1
Logging or tree removal with 50-75% of trees
>50 cm dbh removed 0 - —
Selective logging or tree removal with <50%
of trees >50 cm dbh removed 1 0 1
Agriculture — tilled crop production 0 - -
Agriculture — permanent crop (hay pasture,
vineyard, orchard, nursery, berry field) 0 - -
Agriculture — permanent tree plantation 0 - -
Haying of native grassland 0 - -
Recent old fields and other disturbed fallow
lands dominated by exotic species 0 - -
Heavy grazing/browsing by livestock or native
ungulates 2 3-4 2
Moderate grazing/browsing by livestock or
native ungulates 11 1-4 1-2
Light grazing/browsing by livestock or native
ungulates 55 0-4 1
Intense recreation or human visitation (ATV
use / camping / popular fishing spot, etc.) 5 0-2 1
Moderate recreation or human visitation
(high-use trail) 16 0-3 1-2
Light recreation or human visitation (low-use
trail) 27 0-3 1-2
Dam sites and flood disturbed shorelines
around water storage reservoirs 0 - -
Beetle-killed conifers 45 0-4 1-4
Evidence of recent fire (<5 years old) 6 0-4 1-4




Table 3. Vegetation stressors

Range of Range of

Stressor Number Scope Severity

of Sites Ratings Ratings
Unpaved Roads (e.g., driveway, tractor trail,
4-wheel drive roads) 0 - -
Vegetation conversion (chaining, cabling,
rotochopping, clearcut) 0 - -
Logging or tree removal with 50-75% of trees
>50 cm dbh removed 0 - -
Selective logging or tree removal with <50%
of trees >50 cm dbh removed 0 - -
Heavy grazing/browsing by livestock or native
ungulates 4 1-4 1-3
Moderate grazing/browsing by livestock or
native ungulates 6 0-4 1-2
Light grazing/browsing by livestock or native
ungulates 53 0-4 1-2
Intense recreation or human visitation (ATV
use / camping / popular fishing spot, etc.) 1 1 1
Moderate recreation or human visitation
(high-use trail) 1 4 1
Light recreation or human visitation (low-use
trail) 0 0-2 1-2
Recent old fields and other disturbed fallow
lands dominated by exotic species 0 - -
Haying of native grassland 0 - -
Beetle-killed conifers 8 1-4 1-4
Evidence of recent fire (<5 years old) 4 4 4
Other: 3 1-4 1

the most frequent herbivores were native species. Discussion

Where herbivory occurred, it was mostly light in
both scope and severity.

The approach used to select reference condition
wetlands was satisfactory, yielding a set of sites

that can be considered minimally disturbed by di-

The next most common stressor was light recre-
ation, largely in the form of hiking/horse trails,
which was partially an artifact of our decision to
select sites with reasonable access. Scope and se-
verity for these stressors were generally low.
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ecological system. This is discussed in more detail under Objective 3.

rect human impacts. Nonetheless, we recognize
that the non-human impacts - in particular, native
ungulate grazing and beetle-killed conifers - are
linked to human manipulation of wildlife popula-
tions and to forest management practices. There-

The lack of high resolution mapping such as the NWI mapping also affected our ability to stratify our sampling by



Table 4. Physiochemical stressors

Range of Range of

Stressor Number Scope Severity

of Sites Ratings Ratings
Erosion 8 0-2 1-3
Sedimentation 8 0-1 1
Current plowing or disking 0 - -—-
Historic plowing or disking (evident by abrupt
A horizon boundary at plow depth) 0 - -
Substrate removal (excavation) 0 - -
Filling or dumping of sediment 0 - -
Trash or refuse dumping 1 0-1 1
Compaction and soil disturbance by livestock
or native ungulates 41 0-4 1-2
Compaction and soil disturbance by human
use (trails, ORV use, camping) 5 0-2 1-2
Mining activities, current or historic 0 - -

fore, few sites, even in the most remote areas,
could be considered as reflecting historic condition.

Visually inspecting aerial photos to verify the sites
chosen by the model was a critically important fac-
tor in the success of our approach, as it substantial-
ly reduced the error associated with the data quality
of GIS inputs. However, the most difficult obstacle
was the lack of National Wetlands Inventory map-
ping across most of the study area. This required
photointerpretation for each cell selected by the
GRTS design, which added considerable cost and
time to the project.!% Even in areas where 1980s-
era NWI mapping was available, it was incom-
plete, as older mapping generally excludes riparian
woodlands and shrublands unless they experience
annual flooding. Moreover, the quality of the im-
agery available during the first round of NWI map-
ping resulted in frequent errors concerning flood-
ing regimes, so that it was not possible to create
reliable crosswalks between the old NWI mapping
and ecological systems. New mapping from 2005
imagery by the MTNHP was more useful, but that
only covered parts of Montana.

We caution anyone considering the adoption of
this approach in a state without NWI mapping that
photointerpretation is a learned skill. In our Results

section, we report only Montana’s experience with
the GIS and photointerpretation process. While all
the teams were able to detect landscape impacts on
aerial photos, they encountered varying degrees of
difficulty determining whether a site was a sample-
able wetland. The MTNHP had a cadre of skilled
wetland photointerpreters to assist with this proj-
ect, and although they were more familiar with the
Cowardin classification than with ecological sys-
tems, they were confident in their ability to identify
wetlands, and to crosswalk between systems. By
contrast, CNHP and WYNDD staff, who were less
experienced with photointerpretation, faced a steep
learning curve that required them to do much more
field reconnaissance in the initial project stages to
verify whether a site qualified as a wetland, and if
so, to determine the class into which it fell. Even
the MTNHP photointerpreters were not always suc-
cessful in correctly identifying sites as wetlands or
accurately estimating their sizes. Furthermore, all
teams found it impossible to determine in advance
if open water in wetlands was deeper than our
maximum sampleable depth of 1 meter. Therefore,
although the methodology we used was successful
in screening for impacts around sites, consider-
able uncertainty was associated with determining
whether a potential site was even part of the target
population.



Field sampling also was difficult due to a lack of
reliable spatial information about roads. Although
the data layers for frequently-travelled roads were
good, there was no single source of GIS data de-
picting accessible 4WD roads or pedestrian and
horse trails. Many 4WD roads on topographic
maps or in the TIGER GIS database were gated
and locked, and several of the trails on topographic
maps were abandoned, resulting in several false
starts for crews. We encourage anyone using a sim-
ilar approach to locate the best available local data.
In Montana, road and trail data were available from
Region 1 of the U.S. Forest Service, which made
accessibility screening much smoother. However,
even those data were not accurate across all Na-
tional Forests and local districts, and on several
occasions crews were unable to locate trailheads or
identify critical trail junctions. Similarly, while we
had access to high-resolution aerial imagery, trails
in wooded areas were difficult to detect.

We recommend initial field reconnaissance when-
ever possible to ascertain accessibility and to
ensure the accuracy of aerial photo interpretation
of wetland classes. Study design restricted crews
to sampling one example of a given wetland eco-
logical systems per grid cell. However, in aerial
photos, it was often difficult to distinguish sedge-
dominated fens with open water areas from marsh-
es, or to distinguish between the drier herbaceous
peatlands and wet meadows. Consequently, crews
sometimes navigated to a site only to discover it
was not sampleable within the protocol (e.g., it
was the second fen within the grid cell). This ex-
tra travel time dramatically reduced the number
of sites that were sampled and led to considerable
crew frustration. However, field reconnaissance
might not always be cost effective, particularly
when safety considerations require it be done by a
two-person team, or when sites are so remote that
several person-days would be added to the project
budget. Another solution, which might eliminate
some of the problem, would be a modified study
design. In smaller areas, where environmental
gradients are not as variable as they were across
this extremely large study area, it might not be as
important to eliminate the risk of spatial autocor-
relation. In that case, crews should be allowed to
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sample more than one wetland of a particular sys-
tem within a grid cell.

Our approach had other shortcomings that were

not anticipated during the study design phase. For
example, random sampling did not produce equal
numbers of all wetland ecological systems included
in the study. Marshes were significantly underrep-
resented. High-integrity landscapes meeting our
suitability screens tend to be clustered at medium-
to-high elevations, where edaphic factors and geo-
morphology do not always support development

of marsh wetlands (Baker, 1989). Despite going

to our oversample GRTS panels, we were not able
to find as many marsh sites as we wanted in any

of the four study states. We attempted a targeted
approach to marsh site selection in Montana, but
although we were able to find marshes that did pass
the initial screens, the presence of long-term im-
pacts from historic logging in most cases were such
that we did not consider these marshes to represent
MDC.

We also note that the study design’s emphasis

on roadless areas with reasonable access biased
the sample towards popular recreation areas and
routes. High elevation and low elevation sites were
probably underrepresented, as were slope wetlands
at the mountain-to-valley transition where public
lands typically abut private lands. We also believe
that our sample did not represent the full range of
fens found across the region. In general, fens are
categorized as “extremely rich,” “rich” or “poor”
(Chadde et al. 1998) based on vegetation composi-
tion and water chemistry. Poor fens are generally
acidic, and dominated by sphagnum mosses, with
a limited number of vascular plants species, while
rich and extremely rich fens are more alkaline, and
have higher vascular plant cover. Both poor fens
and extremely rich fens are uncommon across most
of the study area, with most fens having moder-
ate vascular plant diversity and a fairly neutral

pH. Although our sample did reflect the relative
distribution of these types across the study area, in
terms of simple numbers, we did not have enough
poor or extremely rich fens to really represent their
range of natural variability. Underrepresentation
of uncommon types will always be a drawback of
probabilistic survey design (Jones 2004).



Despite the success achieved with this model we
have not fully evaluated it as a Level 1 assessment
tool across the entire condition gradient. In previ-
ous work in Montana, Level 1 assessment results
did not show strong correlations with Level 2 and
3 results for disturbed sites (Vance 2009, Newlon
and Vance 2011). In part this is because roads in
the West do not necessarily integrate multiple hu-
man stressors to the extent that they do in more
populated areas, so that while roadless condition
is a strong indicator of a lack of disturbance, road

density is not necessarily a predictor of degrada-
tion (Vance 2009). However, Lemly et al. (2011)
reported correlations between Level 1 and Level 2
scores for wetlands in the Upper Rio Grande, and
studies in progress in Montana suggest that where
human populations are more concentrated, land-
scape level disturbance is more predictive of site
disturbance. Nonetheless, considerably more work
will be necessary to calibrate the Landscape Integ-
rity Model as a true Level 1 assessment tool.
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OBJECTIVE 2. ASSESS THE NATURAL RANGE OF VARIABILITY FOR

THESE FOUR ECOLOGICAL SYSTEMS

Background

The concept of natural range of variability reflects
the ecological understanding that the climatic,
topographic, geological and biogeographic fac-
tors that shape ecosystems differ across space and
time, and that these differences will lead to dispa-
rate expressions of individual wetlands. Although
some of these differences can be captured with
wetland classification, so that riverine wetlands in
the Rocky Mountains are only compared with other
riverine wetlands in the Rocky Mountains (e.g.,
Brinson et al. 1995, Shafer et al. 2007, U.S. Army
Corps of Engineers 2010, Williams et al. 2010, Kli-
mas et al. 2011, Nobel et al. 2011), distinct differ-
ences may be present even within a wetland class.
,. For example, localized dispersal factors or water
chemistry can result in marked differences in plant
species composition (Magee et al. 1999, Peterson-
Smith et al. 2009). Similarly, natural disturbances
such as fire or other ecological processes occur
stochastically across the landscape such that indi-
vidual wetlands may be at dramatically different
points in terms of successional dynamics.

This spatial and temporal variability can make it
difficult to determine whether the values of the in-
dicators being measured at an assessment site are
outside the range of values that occur naturally. In
theory, at least, probabilistic sampling schemes
will result in assessments being conducted across
the full spectrum of human disturbance, eventually
producing “an ecological dose-response curve”
(Rocchio and Crawford 2011) that links each indi-
cator to each stressor, thus allowing identification
of those wetlands in the dataset that can be said

to represent a reference standard (Jones 2004).
Nevertheless, it has been noted in other contexts
that probabilistic sampling tends to underrepresent
both undisturbed and highly disturbed occurrences
(Fore 2003), so that it may take years of probabi-
listic sampling before enough reference condition
sites are found to accurately portray the variability
that exists within and between wetland ecological
systems. Therefore, one of the central goals of this
project was to identify regionally representative

examples of wetlands in Minimally Disturbed Con-
dition (Stoddard et al. 2006) and describe the range
of values we measured with a standard assessment
protocol.

The Colorado and Montana Natural Heritage Pro-
grams have both been developing Level 1, 2, and

3 protocols (Kentula et al. 2007) to evaluate the
ecological integrity of wetland ecosystems. These
protocols are based on a conceptual model of in-
tegrity linking key ecosystem attributes, such as
biotic structure and composition, to stressors or
other change agents (Karr 1991, Parrish et al. 2003,
Andreason et al. 2001, Rocchio 2006, Faber-Lan-
gendoen et al. 2008, Hargiss et al. 2008, Lemly and
Rocchio 2009). This model is premised on an as-
sumption that key attributes will respond in a mea-
surable and predictable way to stressors and com-
mon indicators of response can be assessed through
well-crafted metrics. Level 1 metrics operate at a
landscape level and tend to focus on the presence
of disturbance. Level 2 are rapid, semi-quantita-
tive field metrics and often infer integrity from the
absence of disturbance. Level 3 metrics are based
on intensive sampling of an attribute or attributes in
the field, typically vegetation.

In this study we relied primarily on Level 3 sur-
veys, collecting data to support a floristic quality
assessment (FQA). The FQA combines measures
of species diversity (including native and exotic
species) with measures of individual plant spe-
cies’ tolerance of, and sensitivity to, disturbance
(Cronk and Fennessy 2001, Miller and Wardrop
2006). Over the past decade FQA metrics and
derived indices such as the Floristic Quality Index
have emerged as effective and reliable methods for
evaluating wetland condition (Lopez and Fennessy
2002).

We posited that any natural variability within and
between minimally disturbed examples of wetland
ecological systems would be best detected by a
Level 3 approach. Level 1 metrics (e.g., landscape
fragmentation, buffer zone intrusions) are designed
to detect human impacts rather than natural vari-
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ability. However, some Level 2 metrics, particu-
larly those related to vegetation structure and topo-
graphical complexity, did appear to have potential
for capturing variability. For example, wetland as-
sessment metrics often include the abundance, type
and interspersion of patches. If values for these
metrics vary widely among minimally disturbed
wetlands and the variability is linked to wetland
class or region, this would be an important factor
to consider in designing wetland assessments. By
contrast, if the variable responses exist but can-
not be linked to wetland class or region, then these
metrics may not lend themselves to describing a
dose-response relationship between stressors and
condition.

Because a related goal of this project was to refine
the Level 1, 2 and 3 indicators and methods so that
they could be standardized into a regional assess-
ment protocol, we decided to combine the Montana
and Colorado Ecological Integrity Assessment
(EIA) methods into a full draft protocol (Appendix
E), carrying out complete assessments at every site.
This allowed us to test the reliability of all metrics,
establish baseline values for Level 2 metrics at ref-
erence sites, and use selected Level 2 and Level 3
vegetation metrics to fully assess the range of natu-
ral variability in our target sites.

Methods

Field sampling: Field crews established an assess-
ment area (AA) of 0.5 ha centered on the selected
sample point, gathered site data, and then assessed
landscape context, hydrology, vegetation, and phys-
icochemical indicators and stressors at the Level 1
and 2 scales. Detailed accounts of these indicators
and stressors can be found in our Draft Field Proto-
col (Appendix E). For the Level 3 assessment we
collected data on vegetation composition and cover
using an approach adapted from the flexible-plot
method developed by Peet et al. (1998). Each plot
measured 20 m x 50 m (1,000 m? = 0.1 ha), con-
sisting of ten 10 m x 10 m (100 m?) modules typi-
cally arranged in a 2 x 5 array (Figure 2). The plot
was subjectively placed within the AA to maximize
abiotic/biotic heterogeneity, capturing micro-site
variations produced by hummocks, water tracks,
side-channels, pools, wetland edge, and microto-
pography. Within four of these 100 m2 modules
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we collected information on multiple ground cover
variables including standing water, bare ground, lit-
ter, woody debris, and nonvascular plant species. In
these intensive modules we identified all vascular
plants to species and estimated each species abso-
lute cover for the 100 m2 module.

10 METERS
10 METERS

& »
< >

50 METERS

Figure 2. Flexible-plot layout (adapted from
Peet et al. 1998).

After sampling each of the intensive modules the
field crews walked through the remaining, or re-
sidual, modules to document presence of any spe-
cies not recorded in the intensive modules. Percent
cover of these species was estimated over the entire
1,000 m2 plot. We used cover class midpoints to
calculate average values for each taxon in each
plot. Vegetation sampling was conducted from late
June through early September in 2009 and 2010,
and from late August through early September of
2011.

At each AA we also dug two to four soil pits 40cm
in depth. Pits were located in or near the vegetation
plot; the number of pits depended on the heteroge-
neity of the AA. We collected information on soil
texture, the color of the soil matrix and any redoxi-
morphic features, and any hydric soil indicators ob-
served based on the U.S. ACOE Regional Supple-



ment. The depth to saturated soil and free water, if
present, were recorded for each pit.

Analysis: In development of FQA metrics, or a
Floristic Quality Index (FQI), coefficients of con-
servatism (C-values) are assigned to taxa identi-
fied to species, typically by panels of botanists

and ecologists. The C-values reflect the relative
tolerance of a species to disturbance, ranging from
0 to 10 (after Andreas et al. 2004). Native species
exhibiting high degrees of ecological specificity
and sensitivity to disturbance have C-values of
9-10. Native species that are typical of well-estab-
lished communities that have undergone minimal
disturbance have C-values of 6-8. Native species
that have some degree of habitat specificity but can

tolerate moderate disturbance have C-values of 3-5.

Widespread native species that occur in a variety
of communities and are common in disturbed sites
have values of 1-2. Exotic species are typically
given a score of 0. Lower FQI and mean C-values
indicate that the site is dominated by plants that are
frequently found in disturbed areas, whereas higher
values indicate a greater floristic quality (Lopez
and Fennessy 2002). Although the FQI is usually
computed only for native species it is also useful to
calculate an FQI that includes non-native species,
as their presence in a site is often a response to a
disturbance (Lopez and Fennessy 2002, Miller and
Wardrop 2006, Bourdaghs et al. 2006, Milburn et
al. 2007).

For species that occurred across the project area we
averaged C-values for Colorado (Rocchio 2007)
and Montana (Jones 2004) when values differed by
less than two. For C-value differences greater than
three, a panel of botanists and ecologists from the
Montana and Colorado Natural Heritage Programs
reassigned C-values.

We calculated multiple vegetation metrics (Ap-
pendix F) to support a floristic quality assessment
(FQA). Metrics in the FQA included native spe-
cies richness, non-native species richness, total
species richness, mean C-value of all plants, mean
C-value of just native plants, and a cover weighted

mean C-value for both native species and total spe-
cies and a Floristic Quality Index (Appendix F for
complete list of formulas).

A cover-weighted FQI was also calculated using
the relative average cover of a species in the entire
plot as a weighting factor (Milburn et al. 2007).
The FQI typically is sensitive to species richness,
so species poor sites will receive a lower FQI value
despite being in or close to a natural state. We
therefore calculated an adjusted FQI (Miller and
Wardrop 2006) that incorporates a “maximum at-
tainable FQI score” based on the highest possible
value, as well as both native and non-native species
scores, into the final index. The cover-weighted
FQI was also calculated for native species alone
and for the adjusted FQI. A cover-weighted adjust-
ed FQI was also produced for each site using the
relative average cover of a species in the entire plot
as a weighting factor. Finally, we also calculated
descriptive statistics and assessed the range and
distribution of each metric by examining frequency
histograms.

Results

The number of wetlands assessed within each eco-
logical system varied across Level Il Ecoregions
(Table 5). The average elevation of ecological
systems varied by Level III Ecoregion as well, but
elevation varied little across ecological systems
within a Level III Ecoregion (Table 6). Sites in the
Southern Rockies were generally higher; however,
given the rule of thumb that treeline rises 100 m

in proportion to each degree of latitude southward
(Barbour and Billings 2000), the Southern Rockies
sites were not as much higher than the Canadian
Rockies sites (+/- 10 degrees of latitude apart) as
the raw elevation data might suggest.

We found considerable variability in the vegeta-
tion of our study sites, both with metrics measured
onsite and in the FQA metrics calculated from plot
data. This was true for both Level 2 vegetation
metrics and Level 3 plot-based metrics!'!. For ex-
ample, one Level 2 metric assessed vertical overlap
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Other Level 2 metrics, most of which are designed to identify response to stressors, did not show much range of variability
because our sites were chosen to be as stressor-free as possible.



Table 5. Number of assessed wetlands by Level Il Ecoregion and wetland ecological system.

North American Rocky Mountain Rocky Mountain Rocky Mountain
Arid West Alpine-Montane Subalpine-Montane Subalpine-Montane
Level III Ecoregion Emergent Marsh Wet Meadow Fen Riparian Shrubland
Canadian Rockies 7 4 7 5
Middle Rockies 10 15 15 11
Wasatch-Uinta
Mountains 1
Southern Rockies 3 4 7 6

Table 6. Average elevation (in meters) of wetlands assessed as part of the Rocky Mountain ReMAP project.

North American Rocky Mountain Rocky Mountain Rocky Mountain
Arid West Alpine-Montane Subalpine-Montane Subalpine-Montane
Level III Ecoregion Emergent Marsh Wet Meadow Fen Riparian Shrubland
Canadian Rockies 1,532 1,617 1,493 1,320
range (941-2,005) (1,169-1,834) (1,111-1,813) (1,050-1,817)
Middle Rockies 2,339 2,478 2,398 2,475
range (1,737-2,922) (1,831-3,308) (1,872-3,003) (1,870-3,161)
Wasatch-Uinta
Mountains 3,343 3,126 3,033 3,105
range (2,787-3,361) (2,690-3,347) (2,703-3,325)
Southern Rockies 3,074 3,185 3,256 3,239
range (2,607-3,509) (3,108-3,324) (3,134-3,403) (2,767-3,424)

of vegetation strata. Some of the variability in the
results was explained by differences between eco-
logical systems, with shrublands being the most
likely to have overlapping strata and marshes being
the least likely. However, even within individual
assessment areas, vegetation overlap was variable
(Table 7). Another Level 2 metric, horizontal inter-
spersion of vegetation zones, also showed a wide
range of variability, as did the metric assessing the
number of structural patch types.

When a Level 2 metric uncovers wide variability in
minimally disturbed wetlands, its utility for mea-
suring condition comes into question unless the
variability is correlated to particular wetland types
or regions. In this study we did not see any such
correlation. Therefore, we revisited these metrics
in the context of our regionally standardized pro-
tocol. This will be discussed in more detail under
Objective 3.

Table 7. Percent of sites by wetland ecological system with portions of their assessment area comprised of at least three
overlapping vertical vegetation strata, two overlapping vertical vegetation strata, and one vertical vegetation stratum,
respectively.

> 3 overlapping 2 overlapping 1 Total
Ecological System vertical vegetation vertical vegetation vegetation number
strata strata strata of sites
Emergent Marsh 7% 21% 93% 14
Alpine-Montane Wet Meadow 25% 54% 96% 24
Subalpine-Montane Fen 24% 52% 76% 29
Subalpine-Montane Riparian Shrubland 72% 100% 76% 25
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The variability in Level 3 metrics, by comparison,
did appear to be linked to regional and typological
differences in our target population of wetlands.
Overall, we encountered 613 vascular plant species
across 105 sites. Of these, 564 were identified to
species and 49 were identified to genus. Of the 613
total taxa, 228 species were observed only once
and another 101 species were observed twice, indi-
cating relatively high species diversity in wetlands
across the project area. The average number of
species per site was 27 (range 2-70 species). Carex
was the most diverse genus, with 52 species posi-
tively identified. The most frequently occurring
species was Carex utriculata, occurring at 70 of
105 sites. The most frequently encountered species
are listed by ecological system and ecoregion in
Tables 8 and 9.

Frequency histograms for FQA metrics across all
systems and ecoregions show a relatively broad
range of values with the exception of metrics relat-
ed to exotic species (Appendix G), with large stan-
dard deviations around the mean. However, when

Table 8. Most frequently occurring species by ecological system.

metric values are analyzed by geography and typol-
ogy, clear patterns of regional and typological vari-
ability emerge (Tables 10 and 11). The Southern
Rockies and Wasatch-Uinta Mountains had consis-
tently higher metric values than the Middle Rock-
ies and Canadian Rockies for all FQA calculations
except exotic species richness, suggesting a strong
regional range of natural variability. We also found
a strong typological association for most FQA met-
rics. Riparian shrublands had the highest species
richness across all Level III Ecoregions, followed
by wet meadows. Fens had the lowest species rich-
ness in the Middle Rockies, Southern Rockies, and
Wasatch-Uinta Mountains, while emergent marshes
had the lowest richness in the Canadian Rockies.
Riparian shrublands and wet meadows also had the
highest Shannon-Wiener diversity indices, whereas
marshes had the lowest across all Level I1I Ecore-
gions. Results for FQI values followed similar
patterns, with riparian shrublands and wet mead-
ows having the highest FQI values across Level 111
Ecoregions. Emergent marshes had the lowest FQI
values in all Level III Ecoregions except the Mid-

Ecological System Number Plant Species C- Nativity
of Site Value

Emergent Marsh 14 Carex utriculata 4 Native
8 Calamagrostis canadensis 6 Native

7 Carex aquatilis 6 Native

6 Deschampsia cespitosa 6 Native

5 Salix planifolia 7 Native

Wet Meadow 18 Carex aquatilis 6 Native
16 Calamagrostis canadensis 6 Native

15 Pedicularis groenlandica 8 Native

14 Phleum alpinum 7 Native

13 Senecio triangularis 6 Native

Fen 21 Carex aquatilis 6 Native
21 Carex utriculata 4 Native

12 Calamagrostis canadensis 6 Native

10 Carex canescens 8 Native

10 Pedicularis groenlandica 8 Native

10 Salix planifolia 7 Native

Riparian Shrubland 21 Achillea millefolium 4 Native
20 Calamagrostis canadensis 6 Native

18 Carex aquatilis 6 Native

15 Senecio triangularis 6 Native

14 Carex norvegica 8 Native
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Table 9. Most frequently occurring plant species by Level 3 ecoregion.

Ecoregion Number Plant Species C- Nativity
of Site Value
Canadian Rockies 14 Carex utriculata 4 Native
14 Potentilla gracilis 4 Native
11 Petasites frigidus 8 Native
10 Equisetum fluviatile 6 Native
9 Calamagrostis canadensis 6 Native
9 Fragaria virginia 5 Native
Middle Rockies 34 Carex aquatilis 6 Native
30 Carex utriculata 4 Native
26 Calamagrostis canadensis 6 Native
20 Senecio triangularis 6 Native
19 Phleum alpinum 7 Native
Wasatch-Uinta 11 Carex aquatilis 6 Native
Mountains 10 Salix planifolia 7 Native
8 Calamagrostis canadensis 6 Native
8 Rhodiola rhodantha 8 Native
7 Deschampsia cespitosa 6 Native
7 Pedicularis groenlandica 8 Native
7 Veronica wormskjoldii 7 Native
7 Viola macloskeyi 8 Native
Southern Rockies 18 Carex norvegica 8 Native
15 Carex aquatilis 6 Native
14 Caltha leptosepala 7 Native
14 Deschampsia cespitosa 6 Native
13 Calamagrostis canadensis 6 Native
13 Salix planifolia 7 Native

dle Rockies, where fens had the lowest FQI values.
The box plots in Figure 3 show the typology by
ecoregion scores on selected metrics.

Discussion

In our protocol, as in most wetland assessment ap-
proaches, Level 1 metrics evaluate human distur-
bance rather than natural variability. For example,
metrics focus on fragmentation of natural cover by
human impacts rather than looking at the structure
and composition of the natural cover in the land-
scape envelope. Because the emphasis is on distur-
bance, there is no “natural” variability.

Level 2 metrics assess indicators that are believed
to be sensitive to disturbance. If these metrics
work as they should, there will be little variability
in scores between and among minimally disturbed
sites. The exception to this would be in metrics
that are predicted to vary between different wet-

17

land systems. In this project, as expected, Level

2 metrics generally showed consistency across the
study area, except for number of vegetation strata,
degree of horizontal interspersion, and patchiness.
However, in the case of these metrics, the range of
variability occurs both between and within wetland
ecosystems. For example, even in the case of ripar-
ian shrublands, which had the highest likelihood
of overlapping vegetation strata, there were more
sites with a single stratum (76%) than with three or
more strata (73%). We discuss the implications of
this under Objective 3.

We did find a substantial range of variability in
Floristic Quality Assessment metrics. FQA metrics
are in wide use as a “gold standard” for Level 3
assessment because of their well-documented sen-
sitivity to human disturbance (Lopez and Fennessy
2002, Andreas et al. 2004, Miller and Wardrop
2006, Bourdaghs et al. 2006, Milburn et al. 2007,
Mclntyre et al. 2011) and their relative ease of ap-
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Figure 3. Box plots summarizing a) plant species richness, b) Shannon-Wiener Diversity, and c) floristic
quality index (FQI-see Appendix F for equation) across Level IIl Ecoregions and ecological systems. In
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each box plot the dot is the mean, the bottom and top of the box are the lower and upper quartiles, and the
whiskers are the minimum and maximum values.
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whiskers are the minimum and maximum values.

plication. Although several researchers have evalu-
ated FQA metrics in individual states and/or for
individual wetland types, we are unaware of other
studies that have examined FQA scores across such
a large study area using an a priori classification
such as we use here.

Two patterns were apparent here: First, the regional
pattern, with higher FQA scores observed in the
Southern Rockies and Wasatch-Uinta Mountains
compared to the Middle Rockies and Canadian
Rockies; and second, the typological pattern with
higher values seen in riparian shrublands and fens

across all regions.!?2 The regional pattern may

be explained by the fact that species diversity in-
creases along a north-to-south gradient between
the North Pole and the equator (Hildebrand 2004).
Almost 11 degrees of latitude separate our north-
ernmost and southernmost study sites. The South-
ern Rockies have approximately 3,625 recognized
native vascular plant species (Snow 2009), whereas
Montana has only 2,262 (Mincemoyer 2012). Giv-
en the influence of species diversity measures on
floristic quality assessment scores, regional differ-
ences in FQA scores are expected when one region
is floristically richer than another.!3

12

The sample size was too small for a statistically meaningful comparison of FQA values for wetland type by region.

13" We have considered the possibility that regional differences arise from the initial assignments of coefficients of conservatism
values. As noted in the Methods section, when species on both the Colorado and Montana vascular plant lists had different C

of C values, we averaged the values, or, when the difference was more than 3, we assigned new values. However, if only one
state had assigned a C of C value to a species, that value was used in the study. On average, Montana’s C of C assignments for
vascular plants are lower than Colorado’s (5.25 vs. 5.99). For the 27 cases where there was a difference of more than 3 in the
assigned C of C value, the average Colorado value was 7.04, while the average value assigned by Montana was 4.23. It may

be, then, that species endemic to the Southern Rockies had slightly more “generous” C of C values than those found only in the
Northern or Middle Rockies. As noted by Bourdaghs et al. (2006), coefficients of conservatism —and indeed “floristic quality” in
general — are not inherent ecosystem properties. The subjectivity involved in assigning C of C values may thus account for some
regional differences in FQA scores. This possibility needs to be explored in more depth.
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The typological variability observed in this study,
which is repeated across the study ecoregions,
confirms earlier observations by Rocchio (2006,
2007), who found that a priori ecological system
classification explained more variation in his refer-
ence plots than HGM or soil-based classifications.
Because the ecological systems classification
incorporates both hydrologic and vegetation char-
acteristics we believe it is also preferable to Cow-
ardin-based classification for these purposes. At
the system-class level, wet meadows and fens (and
some marshes) are all generally classified as Palus-
trine Emergent; only their water regime would
distinguish them. However, fens and wet meadows
separate out quite distinctly on the FQA metrics.

In Lemly and Rocchio’s (2009) development of

a Vegetation Index of Biotic Integrity (VIBI) for
headwater wetlands in Colorado, ordination of veg-
etation data further suggested that fens be further
subdivided into two categories, representing fens
and “extremely rich fens,” while wet meadows
separated into riparian wet meadows and slope wet
meadows.!* Our results showed a wide range of
values for species richness and the FQI for both
wet meadows and fens in the Southern Rockies.
While insufficient data points existed to make an
independent conclusion that separate reference
standards were warranted for subtypes of wet
meadows and subtypes of fens, that range of val-
ues, coupled with the earlier work, seem to support
this.

By contrast, we saw less variability in the richness
or FQI values within fens or within wet meadows
in the Canadian Rockies. Indeed, FQI values for
fens in the Canadian Rockies are so similar to FQI
values for wet meadows that we could make a case
for using the same FQI reference standard across
the two systems. We expect this is because most
of the sampled fens in the Canadian Rockies were
sedge-dominated and lacked a diverse forb com-
ponent. While extremely rich fens do sometimes
occur in this area they are not common and so had
little impact on our FQI scores. If we were to ana-
lyze a larger sample of fens (or wet meadows) and
ordinate vegetation data we might find distinct sub-
types within each system. However, this was not
apparent in our sample.

Another option for identify subtypes would be
teasing out expected FQA metric values based on
plant dominance; preliminary community analysis
of fens in the Middle Rockies suggested that Carex
aquatilis-dominated sites had significantly higher
FQA metric scores than sites dominated by other
Carex communities. However, a full analysis of
community dominance influence on FQA metrics
was beyond the scope of this study and may be
more appropriate in the context of research than
protocol development.

14 Lemly and Rocchio did not encounter classic sphagnum-dominated “poor” fens in their study.
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OBJECTIVE 3. PRODUCE A REGIONALLY STANDARDIZED METHOD
FOR ASSESSING AND MONITORING WETLAND CONDITION, INCLUDING
QUALITY ASSURANCE PROJECT PLANS, SAMPLING STRATEGIES, AND
METRICS CALIBRATED TO THE DIFFERENT WETLAND ECOLOGICAL

SYSTEMS.
Background

Although many individual agencies and tribes
across the Rocky Mountain West have adopted
Rapid Assessment Methods (RAMs) or use HGM-
derived approaches for wetland assessment, only
the Colorado and Montana Natural Heritage Pro-
grams have been developing Level 1-2-3 Ecologi-
cal Integrity Assessment (EIA) protocols. One of
our goals was to standardize methods used in the
two Heritage Programs and make them available
for adoption by other interested agencies, tribes and
private stakeholders, thereby enabling comparison
among results from different states.

As discussed earlier, both Colorado and Montana
relied on a conceptual model of ecological integrity
that links key ecosystem attributes, such as biotic
structure and composition, to stressors or other
change agents (Karr 1991, Parrish et al. 2003, An-
dreason et al. 2001, Rocchio 2006, Faber-Langen-
doen et al. 2008, Hargiss et al. 2008, Lemly and
Rocchio 2009). This conceptual model is premised
on an assumption that key attributes will respond in
a measurable and predictable way to these stress-
ors, and that there will be common indicators of
response that can be assessed through well-crafted
condition metrics. When coupled with metrics that
evaluate the scope and severity of stressors, these
response metrics will allow inferences about the re-
lationship between stressors and effects (Tierney et
al. 2009). This conceptual model formed the basis
for the draft!> protocol developed in this study.

Metrics can be applied at three different levels
of intensity depending on the purpose and design

of the data collection effort (Brooks et al., 2004,
Kentula 2007, Wardrop et al. 2007). Level 1 Re-
mote Assessments rely on Geographic Information
Systems (GIS) and remote sensing data to obtain
information about landscape integrity and the dis-
tribution and abundance of ecological types in the
landscape or watershed. By combining land cover
data with similar datasets that identify and depict
roads, water features, and topography, Level 1 ap-
proaches can produce synoptic maps that broadly
predict wetland impairment (Brooks et al. 2004).16
Level 2 Rapid Assessments are generally field-
based, focusing on physical or biological attributes
that can be measured by one or two people during
a half day in the field and a maximum of half a day
in the office (Fennessy et al. 2007). These methods
typically combine qualitative and narrative-based
ratings with quantitative or semi-quantitative rat-
ings. Level 3 Intensive Assessments generally

use quantitative, plot-based protocols, and may
include detailed surveys of vegetation, collection of
water and soil samples for chemical analysis, and
sampling of algae and phytoplankton (McIntyre et
al. 2011). Because Level 3 assessments are time-
consuming and costly, their use is often restricted
to detailed assessments and documentation of par-
ticularly important sites that will be visited over a
period of time to evaluate status and trends. Level
3 assessments can also be used to validate and cali-
brate the results of Level 1 and 2 assessments.

Our overarching goal in protocol and indicator
development was to establish a reasonably rapid
assessment approach (i.e., Level 2 method) that
trained crews could use across a wide range of

15

One of the objectives in this study was to evaluate the usefulness of individual metrics based on their field performance;

therefore, the protocol used in field data collection was considered to be a draft, subject to revision after data analysis.

16

The term Level 1 is also sometimes used to describe landscape patterns that can be evaluated in the field, such as the

presence of roads or human structures (Faber-Langendoen et al. 2008).



wetlands. However, while we understand the need
for methods that can be carried out in less than a
day and do not require special skills, we were not
convinced that rapid assessments without detailed
vegetation data collection can provide the level

of detail needed to draw robust conclusions about
wetland condition. We were also concerned that
Level 2 crew members who lack botanical knowl-
edge may miss indicators of disturbance that a
plant ecologist or botanists would see immediately.
Therefore, we were willing to sacrifice some speed
for greater accuracy and precision and aimed for an
integrated Level 2-3 approach that a trained bota-
nist and one other person could implement in the
field in six hours or less.

We note here that this study was not intended to
yield a set of metrics that are fully calibrated to

the entire spectrum of human disturbance for each
system in each ecoregion. Rather, we were looking
for metrics that have a reliable and consistent sig-
nal when applied to minimally disturbed wetlands.

Methods

Site selection

We used a generalized random tessellation strati-
fied (GRTS) procedure for discrete objects with
reverse hierarchical randomization (Stevens 1997)
to select sites. Spatially balanced sampling has
several advantages (Stevens and Jensen 2007).
First, it accounts for the spatial patterning inherent
in ecological systems, as sites in close proximity
tend to share similar environmental characteristics.
Second, spatially balanced sampling reduces the
likelihood that multiple, proximate sites are includ-
ed in the sample, which can result in the collection
of redundant information. Finally, it allows for an
increase or decrease in the number of samples se-
lected without compromising the spatial balance of
the design.

A spatially balanced sampling approach typically
is used in aquatic resource surveys to estimate the
condition of resources or the cumulative amount
of wetland area representing any given condition
across an area of interest (e.g., watershed). Al-
though our objectives focused on describing the
natural range of variability to describe reference
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standard for specific ecological systems, it is also
critical to capture the spatial patterning inherent in
different system types when trying to represent the
full condition gradient. The GRTS method also
ensures that the sample was well distributed over
the extent of the resource. Additionally, it is im-
portant to retain the ability to add or remove sites
from the sample while maintaining spatial balance,
either because a site may not prove to be within the
target population, or because access is impossible
or denied.

Stratification within a GRTS approach depends on
the objectives of the survey. In national surveys,
particularly those with a water quality component,
survey design and selection of reference sites ac-
count for regional environmental variables by
clustering geographic data to identify regions with
similar climate, geology and hydrology. We at-
tempted to use multivariate analysis to cluster 6th
code HUC:s in the study area into distinct groups
with similarities in hydrology, geology, climate,
dominant land cover, elevation, etc., using both hi-
erarchical and non-hierarchical cluster approaches.
However, we did not find any statistically meaning-
ful clusters. The use of Level III ecoregions was
suggested by EPA statistician Tony Olsen.

We used the GRTS script within the package spsur-
vey (Kincaid et al. 2009) in the statistical software
R (R Development Core Team 2009) to select 50
two mile by two mile grid cells within each Level
III Ecoregion, and created a grid of points at 100
meter intervals within each selected cell. Once
we eliminated points that did not meet our criteria
(e.g., on public land, accessible by foot, within a
high-integrity landscape), we used GRTS to order
the remaining points for additional evaluation. We
then used aerial photographs in a GIS to visually
examine each of these points and determine if it
occurred within one of the targeted wetland eco-
logical systems. We selected points until we had at
least three points representing each wetland system
within each grid cell. This was done to minimize
travel time between cells.

Metric selection
Potential metrics were identified from previous ef-
forts that used either expert knowledge, data-based




calibration, or a combination of the two. These
were then filtered through selection criteria to de-
termine suitability for this study:

a) useful at multiple spatial scales and across
broad geographical gradients;

b) unambiguous, well grounded in natural
history, and ecologically relevant;

c) relevant and understandable for managers,
decision-makers, and the public;

d) flexible but mutually exclusive;

e) feasible to implement and measure; and

f) predicted to be responsive to stressor-

induced change.

We selected four key attributes of wetlands that

are generally agreed to define and reflect condi-
tion: landscape context, vegetation, hydrology, and
soils/physiochemical factors. For each attribute we
identified the factors which can be seen as indica-
tors of condition.

Landscape context describes the larger habitat
matrix in which a wetland occurs. Measures of
landscape connectivity assess whether the land-
scape pattern facilitates or hinders the movement of
species between habitat patches (Haig et al. 1998,
Lehtinen et al. 1999, Naugle et al. 2001, Taylor

et al. 2003). Buffers operate at a smaller spatial
scale and perform both habitat and wetland protec-
tion functions. Therefore, we selected landscape
connectivity, buffers and human land uses as our
indicators of landscape context. Landscape context
was measured at all three levels of assessment.

Vegetation data are relatively easy to collect and
can be used to derive many other metrics and indi-
ces (U.S. Environmental Protection Agency 2011).
In an undisturbed setting vegetation will have a
structure and composition characteristic of the wet-
land type and location and there will be evidence
of regeneration. This characteristic structure and
composition reflects local environmental condi-
tions, including climate and geology, and integrates
species interactions and local (non-human) distur-
bance factors. We collected vegetation data at both
Level 2 and Level 3. Our Level 3 plot sampling
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approach is described in detail under Objective 2.
We used plot data collected from our field surveys
to calculate floristic quality assessment metrics.

Wetland hydrology aftects all other wetland func-
tions (Zeller 2000). Water chemistry and hydro-
period, both a function of water source, drive plant
species distribution and abundance (Goslee et al.
1997, Kurtz et al. 2007). Unfortunately, wetland
hydrology is the most difficult attribute to evaluate
in a single site visit. Therefore, most wetland as-
sessment methods approximate hydrologic condi-
tions through qualitative indicators, e.g., evidence
of inundation and sources of inflow or outflow,
which some critics contend do not accurately re-
flect wetland hydrology (Ehrenfeld 2002). While
we recognize that full instrumentation and repeated
site visits would be needed to thoroughly describe
wetland hydrology, we were committed to methods
that would yield the best results in a “snapshot-in-
time” visit. Wetland hydrology was assessed at
Levels 1 and 2.

Soils were our primary physiochemical attributes
and filled some of the gaps left by our hydrologic
indicators. Soil characteristics are useful indica-
tors of the frequency, duration, and seasonality of
hydrology in wetlands (Bisel-Machung et al. 1996).
For example, morphological changes occurring

in saturated soils include accumulation of organic
matter on the wetland surface, low chroma color,
and formation of redoximorphic features (Richard-
son and Vesprakas 2001, Brooks et al. 2005). Ma-
trix chroma can therefore be used as an indicator
of soil saturation. We selected several metrics to
capture soil indicators, including depth of organic
layer, soil texture, soil color, and depth of standing
water below ground surface. We also added met-
rics for structural patch composition and distribu-
tion (e.g., rocks, woody debris, animal mounds).
Because regional soils maps are too generalized to
yield good information at Level 1, soils were only
assessed at Levels 2 and 3.

Each attribute also included metrics to evaluate
stressors. While the site selection approach was
intended to eliminate most stressors, we recognized
that there would be circumstances in which some
stressors would be present, but not with the scope



Attribute Level Indicator Example Metrics
Assessed
Landscape Context 1,2 Connectivity % unfragmented landscape within 500m
Buffer Extent, width and condition of buffer
Surrounding Land Use % natural cover within 100m
Vegetation 2,3 Structure Vertical/horizontal interspersion
Composition % native; floristic quality index
Regeneration Age classes present; browse
Hydrology 1,2 Water Source Inflow and outflow
Hydroperiod Evidence of inundation
Water Quality Algal blooms, turbidity
Soils/Physiochemical 2,3 Soil structure Depth, layers, redox features

Texture

Physical structure

% organic, dominant texture

Patch type and distribution

and severity to exclude the site from consideration.

It was important to document these “acceptable”
stressors and to find a way to verify the absence of
stressors as a quality assurance method. Stressors
included both human (e.g., resource extraction,
logging, roads) and nonhuman (e.g., beetle-killed
conifers, recent fires) factors. For a complete list
of stressors, refer to the field forms included in
the Protocol (Appendix E). For all stressors, we
included scope and severity ratings (Table 12).
Stressors were primarily evaluated at Levels 2 and
3.

The raw field data were transferred from paper

into a Microsoft Access database. We used plot
data collected from the Level 3 assessments and
numeric criteria assessed in the field to calculate

Table 12. Scope and severity ratings for all stressors

descriptive statistics, and assessed the range and
distribution of each metric by examining frequency
histograms. Correlation matrices using Spearman’s
correlation coefficients were used to investigate re-
lationships and to evaluate any redundancy among
metrics.

Quality assurance/quality control

We drafted a quality assurance project plan to help
ensure data integrity throughout the study. This was
submitted to the EPA, and based on their feedback,
was revised and resubmitted. Additional quality
control measures included a joint protocol tested
by all project investigators, a site visit by EPA staff
at the beginning of field sampling to observe crews
using the protocol, and annual reports to the EPA
detailing quality control issues.

Scope of Disturbances

S = N Wk W

Pervasive — Affects nearly all (>75%) of the buffer or AA.
Large — Affects most (>50-75%) of the buffer or AA.
Moderate — Affects much (>25-50%) of the buffer or AA.
Restricted — Affects some (>10-25%) of the buffer or AA.
Small — Affects a small (1-10%) portion of the buffer or AA.
Nil — Little or no observed effect (<1%) on the buffer or AA.

Severity of Disturbances

4 Extreme — likely to extremely degrade, destroy, or eliminate the wetland.

3 Serious — likely to seriously degrade or reduce wetland function or condition.

2 Moderate — likely to moderately degrade or reduce wetland function or condition.
1 Slight — likely to only slightly degrade or reduce wetland function or condition.




Results

As discussed earlier, wetland ecological systems
were not represented uniformly across the study
area using a GRTS approach. Marshes were under-
represented, and despite going to our oversample,
we were unable to identify enough marshes for
sampling using a random approach. However, we
believe this was due to stratification by high-integ-
rity landscape units rather than random sampling
per se.

Metric performance at Level 2 was generally good.
Because we were only looking at reference stan-
dard sites we could not evaluate whether or not
individual metrics were sensitive to human distur-
bance. Instead, we wanted level 2 metrics that had
either had a consistent value across all wetlands in
the study, or metrics whose variable response was
easily correlated to specific wetland types. Unlike
the Level 3 FQA metrics, which were intended

to capture a range of natural variation that could
be used to calibrate Level 3 protocols to specific
wetland types and ecoregions, any Level 2 met-

ric that had a wide range of unexplained scoring
values when applied to reference standard sites
was considered unsuitable for inclusion in a future
protocol. We saw little variation among sites in
terms of landscape context, hydrology, and physio-
chemical/soil metrics, which was expected. These
indicators, while couched in terms of condition,
generally reflect degrees of disturbance. Because
our sites were undisturbed we expected values for
these metrics to be comparable. All sites had only
natural water sources and no anthropogenic outlets
or impediments; all but one site had either no vi-
sual evidence of turbidity or only slightly cloudy
water with no obvious source of sedimentation.
The one site with cloudy water due to sedimenta-
tion was attributable to runoff from a nearby steep
slope. Similarly, all but two sites had clear water
with minimal algal growth or algal growth limited
to small, localized areas of the wetland. One site
had extensive algal mats but no obvious causal fac-
tors. One site had large patches of algal growth ob-
served in a portion of the AA, but again, no reason
for the growth was evident. Eighty-three percent
of sites had intact soils and little or no trash or
refuse, whereas 15% had intact or moderately dis-
rupted soils, moderate or lesser amounts of trash, or
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minor intensity of human visitation or recreation.
Only one site had moderate or extensive soil dis-
ruption, moderate or greater amounts of trash, or
moderate intensity of human use; this was due to
an abandoned two-track road and evidence of light
recreation.

Several metrics that did show a range of variability
are discussed individually below.

Regeneration of Native Woody Species

This metric pertained primarily to riparian shrub-
lands. Most (76%) riparian shrublands had all age
classes of woody species present. One site had the
middle age groups absent, but all other age classes
present. Twenty percent of sites had stands com-
prised mainly of mature individuals with all other
age classes absent. The confounding factor for
this metric was browsing. Although these were all
reference standard sites, estimates of the extent of
browsing by native ungulates ranged from 10 to
70%.

Vertical Overlap of Vegetation Strata

Results for this metric varied widely, although for
most herbaceous sites, a single vegetation stratum,
or two overlapping strata, dominated the AA (Table
13). Across the study area, riparian shrubland sites
consistently had a portion of their AA comprised of
multiple vegetation strata, but they were also con-
sistent in having a portion of their AA comprised of
a single vegetation strata. By contrast, few marshes
had overlapping strata. The underlying assump-
tion of this metric, that sites with a higher degree of
ecological integrity have more structural complex-
ity, is not corroborated by our data. Wet meadows,
fens and riparian shrublands had highly variable
responses, unrelated to any human or natural im-
pacts.

Horizontal Interspersion of Vegetation Zones
The degree of horizontal interspersion of vegeta-
tion zones was assessed using the following cat-
egories and diagram (Figure 4):

* NI1/R1: High degree of horizontal
interspersion: AA characterized by a very
complex array of nested or interspersed
vegetation zones with no single dominant
zone.



Table 13. Number of sites and percentage classes of assessment area with one vegetation stratum, two overlapping vegetation

strata, or three or more overlapping vegetation strata.

Percent of AA with Number Percent of AA with Number Percent of AA Number
three or more of Sites two overlapping of Sites with one of Sites
overlapping strata vegetation strata vegetation
strata
>=75 4 >=75 8 >=75 44
<75 t0 50 <7510 50 11 <75 to 50 10
<50 to 25 4 <50 to 25 11 <50 to 25 11
<25to 5 13 <25to0 5 23 <25t05 12
<5 9 <5 3 <5 0
Figure 4. Horizontal interspersion of vegetation zones diagram
L)
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* N2/R2: Moderate degree of horizontal
interspersion: AA characterized by a moderate
array of nested or interspersed vegetation
zones with no single dominant zone.

* N3/R3: Low degree of horizontal
interspersion: AA characterized by a simple
array of nested or interspersed vegetation
zones. One zone may dominate others.

» N4/R4: No horizontal interspersion: AA
characterized by one dominant vegetation
zone.

In general, riparian shrublands had the highest de-
gree of horizontal interspersion (Table 14). Emer-
gent marshes had low to no horizontal intersper-
sion. Most wet meadow sites also showed low to
no horizontal interspersion, although about a third
were split between high and moderate intersper-
sion. Fens ranged primarily from moderate, low, to
no horizontal interspersion. No clear ecoregional
patterns were evident.

28

Structural Patch Types

Many rapid assessment methods have metrics deal-
ing with patch number and/or patch interspersion.
The metrics assume that high quality wetlands are
naturally patchy and that patchiness is lost as hu-
man disturbance intensifies. However, in our study,
the number of structural patch types by ecological
system varied widely and showed no strong pat-
terns (Table 15.)

We also investigated the correlation between the
number of structural patches at a site and the FQA
metrics calculated for that site. Correlations were
generally weak (Table 16), with only FQI metrics
having moderate correlations with the number of
patch types. We consider this metric to be too vari-
able to retain for Level 2 condition assessments.

Floristic quality assessment metrics

We found redundancy (r > 0.8) for several FQA
metrics across all ecological systems indicating that
several of the metrics related to FQA may not nec-



Table 14. Number of sites by wetland ecological system and their corresponding degree of horizontal interspersion of vegetation
zones.

Ecological System

Degree of North American Rocky Mountain Rocky Mountain Rocky Mountain
Horizontal Arid West Alpine-Montane Subalpine-Montane Subapline-Montane
Interspersion Emergent Marsh Wet Meadow Fen Riparian Shrubland

NI1/R1 0 4 2 10

N2/R2 2 4 8 2

N3/R3 6 9 8

N4/R4 5 6 6 7

Table 15. Number of sites (n), average number of patch types (+ 1 SD), and range.

North American Rocky Mountain Rocky Mountain Rocky Mountain
Arid West Alpine-Montane Subalpine-Montane Subapline-Montane
Emergent Marsh Wet Meadow Fen Riparian Shrubland
n=14 n=24 n=29 n=35
3(1),1-6 4(2),1-8 4(2),1-9 5(3),0-12

Table 16. Pearson’s correlation coefficients relating the number of structural patch types present
at a site with FQA metrics.

Variables Pearson’s correlation coefficient
Number of patch types 1.00
Total species richness 0.37
Native species richness 0.37
Non-native species richness 0.04
% Non-native species -0.01
Mean C-value of all species 0.21
Mean C-value of native species 0.24
Cover-weighted Mean C-value of all species 0.17
Cover-weighted Mean C-value of native species 0.19
FQI of all species 0.41
FQI of native species 0.41
Cover-weighted FQI of all species 0.38
Cover-weighted FQI of native species 0.39
Adjusted FQI 0.22
Adjusted cover-weighted FQI 0.20
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essarily provide additional information (Appendix
H). For example, both total species richness and
native species richness are strongly correlated with
the FQI metrics. In contrast, the mean C-value of
all species, while still positively correlated with
Adjusted Cover-weighted FQI (r=0.7), may be
worth retaining for its potential sensitivity to hu-
man disturbance.

Discussion

Stratification based on Level III ecoregions was
useful in this study, and allowed us to tease out
significant geographic variability in FQA metric
scores. However, while ecoregions, biomes or
hydrologic landscape units (Winter 2001) are valu-
able stratifying parameters for national or regional
studies, additional research is needed to determine
the best biogeographic stratification unit over
smaller geographies. It should be noted, too, that
it is sometimes desirable to stratify by political
boundaries and/or ownership, depending on the
study questions being asked, especially in areas
with large tracts of public land where managers are
prepared to address findings.

Probabilistic sampling in this study did not pro-
duce sufficient examples of each target population
to fully assess the range of natural variability in
each wetland ecological system. As noted earlier,
this was largely a result of our landscape integrity
model limiting us to higher-elevation areas where
marshes are less common. However, this could be
an issue whenever a probabilistic study design is
used by researchers hoping to find a definite num-
ber of an uncommon class of wetlands. In the Mid-
dle Rockies, for example, Rocky Mountain Conifer
Swamp ecosystems occur infrequently; any attempt
to find a fixed number of these with probabilistic
sampling would be unlikely to succeed unless the
sample frame was extremely large. Even then, the
number of the uncommon type found through the
sampling would be in proportion to their frequency
in the whole population.

This was another area in which we were chal-
lenged by the lack of wetland mapping. Although
both Landfire and ReGAP maps use ecological
systems as mapping units, the small size of most
Rocky Mountain wetlands means they are either

unmapped or incorrectly mapped at the 30 m reso-
lution used in these map products. Had wetland
mapping been available with its higher degree of
spatial accuracy and precision, stratification based
on ecological systems could have been crosswalked
between the Cowardin classification and the eco-
logical systems classification. However, such
crosswalking has challenges even for experienced
photointerpreters. For example, while the Palus-
trine Emergent Saturated (PEMB) class often in-
dicates a fen, fens with predominantly herbaceous
vegetation — the most frequently encountered in
our study — are often given a “Seasonally Flooded”
(PEMC) water regime, as are many very wet mead-
ows. While it was important to use the ecological
system classification to capture the range of natural
variability, we suggest that large-scale probabilistic
surveys are best reserved for populations where a
clear sampling frame — e.g., the USFWS’s Status
and Trends plots, or wetland maps for the entire
area of interest — is clearly defined, even if that
means accepting that frame’s classification scheme
(e.g., the Cowardin classification). The additional
steps involved in creating the sampling frame, se-
lecting the grids, photointerpreting them, screening
them, and then verifying the selected site’s type in
the field, all add substantial time and cost to the
project.

This study used a Level 1 tool for initial screening
of sites, selecting the sites that were most likely

to be in minimally disturbed condition. In assess-
ments of ambient condition it would be inappro-
priate to stratify selection based on a priori deter-
minations of human landscape context. However,
we think our Landscape Integrity Model could be
used in a metric development context to establish
preliminary condition strata for sampling, although
much more research is needed to identify how in-
dividual landscape stressors affect wetland condi-
tion, and the scale at which they operate. When we
applied a targeted approach to finding marshes, we
were able to meet almost all of the landscape cri-
teria in our screen, but many of our sites were less
than 2 kilometers (the cutoff distance in our model)
from an earlier timber harvest. Even when harvest
had been completed ten or twenty years before and
roads had been decommissioned, we noted impacts
on the buffer and assessment area, particularly a
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high percentage of exotics and tolerant native spe-
cies.!” Unfortunately, not enough sites were avail-
able to establish a distance from logging at which
these impacts diminish (e.g. 500 m, 1000 m), nor
were we able to identify a time frame over which
logging impacts dissipate. These and similar ques-
tions will need to be examined before a Level 1
tool can be a reasonable alternative to field-based
sampling.

Many Level 2 condition metrics are designed to
detect the results of some unseen (or past) stressor
or disturbance, e.g., evidence of turbidity or sheen
in water that is not explained by visible natural
factors such as landslides. Because sites were cho-
sen for their minimally disturbed state, we cannot
address the performance of these metrics beyond
noting that they did not vary in any important way.
Therefore, we will retain most of the metrics cho-
sen for our protocol until they can be tested across
a full disturbance gradient. However, some metrics
were frequently found in Level 2 protocols have
such a high degree of “noise” that they should not
be relied on as signals. In particular, structural
complexity metrics, such as regeneration of woody
species, overlapping vegetation strata, horizontal
interspersion, and number of patches all had a high
range of natural variability. While some of this
variability can be constrained with classification
—for example, riparian shrublands were the most
likely to have multiple strata— too much variability
remains. This is not to say that the metrics should
be abandoned. For example, we observed that
some of the lack of woody regeneration in riparian
shrublands was attributable to high levels of native
ungulate browsing. In a management or restoration
context this might provide valuable information
about the success of exclusion fences. However,
without an ability to distinguish between brows-
ing by native ungulates and domestic livestock,
this metric is not useful for tracking anthropogenic
change. The other metrics that measured vegeta-
tion structure were not noticeably influenced by
wildlife and were too variable, even within specific
systems, to be useful. We suggest that additional
research to investigate whether other structurally
based metrics are similarly variable. For example,

the protocol did not include a microtopography or
roughness metric, although such metrics have been
proposed in other assessment tools (e.g., Collins et
al. 2008). The lack of signal found in our study for
structural metrics may extend to similar metrics;
however, this remains to be documented.

We want to stress that even metrics with a wide
range of response may have some utility in wetland
assessment. A well-established principle of conser-
vation biology holds that larger and more complex
habitats, islands, ecosystems, or conservation areas
have more habitat available to more species, and
are better able to withstand and recover from dis-
turbance, than are smaller and more simple areas
(MacArthur and Wilson 1967). As a simple matter
of fact, wet meadows and riparian shrublands with
multiple overlapping natural strata or high patchi-
ness may be “better” than more simple sites, at
least insofar as their habitat value is concerned. If
the objective of wetland condition assessments is
to identify wetlands that are in good condition and
have high habitat values, then there is a reason to
retain these metrics. However, if wetland assess-
ments are only intended to report on the ambient
condition of wetlands, with the intention of mea-
suring or monitoring the consequences of human
activities, then the values from structural diversity
metrics should not be included in overall assess-
ment scoring, as they are not a reliable signal of
disturbance.

Our Level 3 vegetation metrics were able to parse
out both ecoregional and typological variability in
reference standard wetlands. The sample size per
wetland ecosystem per ecoregion is too small to
establish a definitive range of values that can be ex-
pected in reference quality wetlands in each region;
other reference standard sites might have higher

or lower metric values. However, we believe that
these values can be used to validate and calibrate
other FQA metrics from similar wetlands being as-
sessed in the study area, whether by individual state
programs or the NWCA.

Because we have only reference standard wet-
lands in this study, we are not recommending that
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Because they represented such a departure from reference standard, we excluded these sites from our analysis.



redundant metrics (e.g. total and native species
richness) be discarded at this time; it could be that
one or both of these metrics is more sensitive to
human disturbance than the overall adjusted cover-
weighted FQI. However, this should be a focus of
analysis for the NWCA dataset and other Rocky
Mountain surveys.

Finally, while Level 1, 2 and 3 assessment metrics
in this study are discussed as though they were dis-
tinct and even severable from one another, we want
to emphasize that this was not true. Because our
sample only had reference standard wetlands we
were unable to identify and calibrate any thresh-
olds for Level 2 metrics. For example, one Level

2 metric requires calculations of buffer width and
extent. Because almost all sites had a buffer extent

of close to 100% and a buffer width of 150m or
more, we had no way to measure the correlation
between loss of buffer and FQA metrics.!® Simi-
larly, in the absence of human disturbance, we
were unable to identify the metrics that are most
sensitive to human disturbance. Ideally, the three
assessment levels should be nested; while Level 1
assessments can stand alone under circumstances
where a quick, desktop summary is needed, Level
2 assessments should be complemented by Level
1 assessments, and Level 3 assessments should in-
clude the full suite of Level 1 and Level 2 metrics
as well, including disturbance metrics. A full wet-
land assessment needs to be multimetric in nature,
so that changes in FQA metrics can be linked to
observable disturbances that are within the control
of land managers.

18

research projects.
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These analyses are, however, part of the work currently being done by both the MTNHP and the CNHP in other wetland



SUMMARY AND RECOMMENDATIONS

This study achieved its main objectives: to identify
reference standard examples of four wetland
ecological systems across the Canadian Rockies,
Middle Rockies, Wasatch-Uinta Mountains and
Southern Rockies; to describe the range of natural
variability found between systems and between
ecoregions; and to develop methods, approaches
and protocols that can be used for assessment of
ambient condition. As a result of the study,

Region 8 states and tribes have access to a
landscape integrity model that can be used as
is or adapted to identify areas where high-
quality reference sites are likely to be found;

There are tested field protocols, field forms,
keys, crosswalks and a QAPP that can be used
or adapted by states and tribes;

There is a documented reference standard for
floristic quality in Rocky Mountain
Subalpine-Montane Fens; Rocky Mountain
Alpine-Montane Wet Meadows; North
American Arid West Emergent Marshes; and
Rocky Mountain Subalpine-Montane Riparian
Shrublands;

The strengths and limitations of GRTS-
based probabilistic sampling for identification
of reference sites have been evaluated;

There are over 100 documented reference sites
representing a range of natural variability for
the four ecological systems in Montana,
Wyoming, Utah and Colorado that can be used
for long-term monitoring and/or future
protocol development.

The strength of this study, we believe, lies in

its probabilistic sampling design. As Heritage
Programs, we tend to focus on those landscapes
and populations that The Nature Conservancy
describes as “the last of the least and the best of the
rest” (Moore 2011). For example, NatureServe’s
ecological integrity scorecard describes A-ranked
sites in these terms:
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Occurrence is believed to be, on a global or range-
wide scale, among the highest quality examples with
respect to major ecological attributes functioning
within the bounds of natural disturbance regimes.
Characteristics include: the landscape context
contains natural habitats that are essentially
unfragmented (reflective of intact ecological
processes) and with little to no stressors; the size

is very large or much larger than the minimum
dynamic area; vegetation structure and composition,
soil status and hydrologic function are well within
natural ranges of variation; exotics (non-natives)
are essentially absent or have negligible negative
impact; and, a comprehensive set of key plant and
animal indicators are present (Faber-Langendoen et
al. 2009).

The distinction between “the highest quality
examples” and “sites in minimally disturbed
condition” may appear semantic at first inspection,
but when the actual data from our study are
examined, it becomes evident that many of

our randomly chosen sites are small and not
especially diverse. Some may barely cover a
“minimum dynamic area”, may be fairly transitory
as landscape elements, and probably would not

be chosen as “the best of the rest.” However,
because many of the wetlands in our ambient
condition surveys were themselves not “the
highest quality examples” of their kind even in
their undisturbed state, to assess them against that
standard is misleading. By identifying the real
range of variability found in minimally disturbed
landscapes, this study offers a set of reference
standard wetlands that can form the basis for
assessments that make sense to all end-users, not
just conservation professionals.

We also believe that the sites described in this study
can be used to establish reasonable performance
standards for voluntary and compensatory
mitigation. Here, our findings that there are
regional and typological differences in the range

of natural variability are of particular importance.
Marshes, with their low species richness and
relatively low FQI scores, do not compensate for
the loss of wet meadows or fens. In contrast, if a
marsh is an appropriate choice for mitigation and/



or restoration, then performance standards for FQA
values should be based on what a marsh can be
expected to attain, not on values observed in fens.
Similarly, while wetlands in the Canadian Rockies
ecoregion may occasionally be highly diverse, with
populations of endemic species having very high C
o f C scores, this study shows that these are not the
norm; in general, wetlands in that ecoregion appear
to have lower FQA scores than do wetlands in

the Southern Rockies, and performance standards
should reflect that.

This study also identifies a number of questions for
future work. Notably:

* We used best professional judgment to
establish minimum acceptable distances to a
number of potential disturbances. Results
indicated that disturbances beyond that
distance were not impacting our sites.
However, from a management perspective
it is important to understand the geographic
(and temporal) scales at which these
disturbances do have an impact. For example,
our sites were all at least 500 m from a

highway and 2,000 m from any timber harvest.

Would we see impacts on wetlands from a
highway 250 m away? A past timber harvest
1,000 m away?

We found that Level 2 metric values for
vertical overlap of vegetation strata, horizontal
interspersion of vegetation zones, and the
number of structural patch types varied
widely within and between wetland types,
with no apparent correlation to disturbance. If,
however, structural complexity is important
from a habitat perspective, or to provide more
inherent resistance or resilience should
disturbance occur, what is the best way to
measure and document it?

* The study showed clear bioregional variation
in floristic quality metric scores. Is this best
explained by a latitudinal diversity gradient?
Do state-specific Coefficients of Conservatism
vary enough from state to state to influence
FQA values? If so, does this reflect a
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biogeographic reality (i.e., a genuine
difference in tolerance to disturbance for
species in one state vs. another) or is it an
artifact of subjectively assigning those values?
In either case, how do we compare wetland
condition across regions? Does this call for
developing regional or national Coefficients of
Conservatism?

Within individual wetland classes, what are
the factors that drive natural variability of
species richness and diversity? What are

the factors that operate between wetland
classes? We observed that wet meadows and
riparian shrublands have some of the highest
FQA values across our study region. Wet
meadows and riparian shrublands tend to
have more variable flooding regimes than
fens or marshes. Are there unmeasured
hydrologic variables that account for observed
differences in richness and diversity?

Finally, this study, while separate from the National
Wetlands Condition Assessment and the rotating
basin assessments being carried out in Colorado
and Montana, is conceptually linked to them. In
addition to establishing a reference standard against
which condition can be assessed, this study also
presents an opportunity to begin evaluating the
results of those assessments at multiple geographic
scales. By establishing reference standards for
these four wetland systems, and identifying
regional variation, this study makes it much easier
to extract the “dose-response curve” for human
disturbance and wetland condition from other
survey work. It establishes a framework within
which data from Montana can be meaningfully
compared to data from Colorado. Absent the
finding that reference standard wetlands in northern
Montana have lower FQA values than those in

the Southern Rockies, it would have been easy to
conclude that all assessed wetlands in northern
Montana were just in “worse” shape than their
southern counterparts. In the future, we would

like to see more opportunities for collaboration

that focus on other parts of Montana, Wyoming
and Colorado, particularly the plains and grassland
areas.
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Brief descriptions of Ecological Systems covered in this study.

Rocky Mountain Subalpine-Montane Fens (hereinafter “fens”) occur infrequently throughout
the Rocky Mountains from Colorado north into Canada. They are confined to specific environ-
ments defined by groundwater discharge, soil chemistry, and peat accumulation. Fens form at
low points in the landscape or near mountain-to-valley transitions where groundwater intercepts
the soil surface. Groundwater inflows maintain a fairly constant water level year-round, with
water at or near the surface most of the time. Constant high water levels lead to accumulation of
organic material, usually greater than 40 centimeters (15 inches), except on sites underlain by
limestone bedrock. In addition to peat accumulation and perennially saturated soils, extremely
rich and iron fens have distinct soil and water chemistry, with high levels of one or more miner-
als such as calcium, magnesium, or iron. Fens are among the most floristically diverse of all
wetland types, supporting a large number of rare and uncommon bryophytes and vascular plant
species, and provide habitat for uncommon mammals, mollusks and insects. Fens usually oc-
cur as a mosaic of herbaceous and woody plant communities. The surrounding landscape may
be ringed with other wetland systems: fens often grade into marshes, wet meadows or riparian
shrublands, and can be surrounded by conifer swamps or wet to mesic coniferous forests.

Rocky Mountain Alpine-Montane Wet Meadows are found at moderate to high elevations
throughout the Rocky Mountains, dominated by herbaceous species found on wetter sites with
very low-velocity surface and subsurface flows. This system typically occurs in cold, moist
basins, seeps and alluvial terraces of headwater streams or as a narrow strip adjacent to alpine
lakes. Wet meadows are typically found on flat areas or gentle slopes, but may also occur on
sub-irrigated sites with slopes up to 10 percent. In alpine regions, sites are typically small depres-
sions located below late-melting snow patches or on snowbeds. The growing season may only
last for one to two months. Soils of this system may be mineral or organic. In either case, soils
show typical hydric soil characteristics, including high organic content and/or low chroma and
redoximorphic features. This system often occurs as a mosaic of several plant associations, often
dominated by graminoids such as tufted hairgrass (Deschampsia caespitosa), and a diversity of
montane or alpine sedges. High elevation bluegrasses (Poa arctica and Poa alpina) are often
present. Moisture for these wet meadow community types comes from groundwater, stream dis-
charge, overland flow, overbank flow, and precipitation. Salinity and alkalinity are generally low
due to the frequent flushing of moisture through the meadow. Depending on the slope, topogra-
phy, hydrology, soils and substrate, intermittent, ephemeral, or permanent pools may be present,
and standing water may be found during some or all of the growing season, with water tables
typically remaining at or near the soil surface. Fluctuations of the water table throughout the
growing season are not uncommon, although wet meadows are rarely subjected to high distur-
bance events such as flooding. On drier sites supporting the less mesic types, the late-season wa-
ter table may be one meter or more below the surface. Soils typically possess a high proportion
of organic matter, but this may vary considerably depending on the frequency and magnitude of
alluvial deposition. Organic composition of the soil may include a thin layer near the soil surface.
Soils may exhibit gleying and/or mottling throughout the profile.
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North American Arid West Emergent Marshes are found throughout the arid and semi-arid
regions of North America, often in depressions surrounded by an upland matrix of mixed prairie,
shrub steppe, or steppe vegetation. Natural marshes occur in and adjacent to ponds and prairie
potholes, as fringes around lakes or oxbows, and along slow-flowing streams and rivers as ripar-
ian marshes. Marshes are classified as either seasonal or semipermanent based on the dominant
vegetation found in the deepest portion of the wetland; vegetation is representative of the hydro-
period. A central shallow marsh zone dominated by graminoids and sedges characterizes sea-
sonal wetlands, while semipermanent wetlands are continually inundated, with water depths up
to 2 meters (6.5 feet) and a deeper central marsh zone dominated by cattails (Typha species) and
bulrushes (Schoenoplectus species). Water chemistry may be alkaline or semi-alkaline, but the
alkalinity is highly variable even within the same complex of wetlands. Marshes have distinctive
soils that are typically mineral, but can also accumulate organic material. Soils characteristics
reflect long periods of anaerobic conditions. Wet-drought year climatic cycles, often in 10 to 20
year cycles, influence the ecological communities in these systems. During this climatic cycle,
wetlands go through a dry marsh, regenerating marsh, degenerating marsh and a lake phase that
is regulated by periodic drought and deluge. During drought periods, seeds from annuals and
perennials germinate and cover exposed mud flats, but when precipitation floods the depressions,
the annuals drown and the perennials survive, regenerating the marsh. Over a series of years,
perennials dominate and submersed and floating-leaved hydrophytes return. After a few years of
the regenerating phase, emergent vegetation begins to decline and eventually the marsh reverts
to an open water system. Muskrats may play an important role in the decline of emergent vegeta-
tion in some of these systems.

Rocky Mountain Subalpine-Montane Riparian Shrublands are found at montane to subalpine
elevations of the Rocky Mountains. Shrubs dominate this seasonally flooded system, with total
shrub cover ranging from 20 to 100 percent. Shrublands occur as linear bands of shrub vegeta-
tion lining streambanks and alluvial terraces in narrow to wide, low-gradient valley bottoms and
floodplains with sinuous stream channels. Flooding creates and destroys sites for the establish-
ment of vegetation through the transport and accumulation of coarse sediment. Sediment accu-
mulating in these systems can form gravel bars at or near the surface of the river, creating bands
of mixed vegetation that occupy different stages of succession (Melanson and Butler, 1991).
Ground water seepage from snowmelt may create shallow water tables or seeps that vegetation
depends on for a portion of the growing season. This system often occurs as a mosaic of mul-
tiple communities that are shrub and herb dominated. Vegetation structure varies depending on
latitude, elevation and climate. Flooding in these systems influences vegetative communities by
transporting sediments and creating establishment sites for colonization. Many plants in these
high-energy systems that experience large disturbances from floods have acquired adaptive traits.
Some have flexible, resilient stems and specialized cells to hold oxygen so that they can survive
large flood events. These species also have reproductive adaptations such as water-dispersed
seeds and are able to sprout quickly from flood damaged stumps. In sites where there is pro-
longed disturbance, willow coverage will decrease, resulting in a more open canopy. Herbaceous
vegetation will transition to a grass-dominated system. Shrubland riparian systems are important
for bank stabilization, organic inputs to the adjacent stream, shade cover and wildlife habitat
values.
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APPENDIX B. PARAMETERS AND WEIGHTING USED IN LANDSCAPE
INTEGRITY MODEL






The Landscape Integrity Model used in our initial screening was built from the following GIS
data layers:

Roads:
We used the road data from Tiger 2008 (ftp://ftp2.census.gov/geo/tiger/ TIGER2008) across the
entire region.

Data were downloaded, merged, projected to Albers Equal Area Conic Projection, and assigned
to one of three classes:

9) Highways: MTFCC S1100 (primary road); and S1200 (secondary road) if the secondary
road name contains “Hwy” or “Highway”. Also S1630 (ramp).

h) Four-wheel-drive roads: MTFCC S1500 (vehicular trail) and S1740 (private road for
service vehicles: logging, oil field, ranches, etc). Also S1640 (service drive usually along
a limited access highway) if they were actually logging roads (Name = ).

i) Other roads: MTFCC S1200 (if name does not contain “US Hwy”), S1400 (local
neighborhood road, rural road, city street), S1780 (parking lot road), and S1640 that are
not logging roads (service drive usually along a limited access highway; name attribute is
filled).

Each shapefile was buffered and converted to a grid. Scores were assigned to pixels (see Table
C-1).

Hydrology:
Artificial flow: From the National Hydrography Dataset (NHD) High resolution data (http://nhd-
geo.usgs.gov/metadata/nhd_high.htm), we selected FTYPE 336

Impaired waters: Data were downloaded on a state-by-state basis from the EPA site (http://ep-
amap32.epa.gov/radims/). Metadata was found at:
http://www.epa.gov/waters/data/303D_metadata.xml

We also downloaded data for facilities that discharge to water (points): http://www.epa.gov/wa-
ters/data/PCS_metadata.xml

Theses layers (points, lines and polygons) were buffered and converted to a grid.

Wetland violations (section 404): These data were downloaded from EPA region 8 webpage:
http://www.epa.gov/Region8/gis/index.html#2
http://www.epa.gov/Region8/qgis/data/r8_404.html

Points were buffered and converted to a grid.

Land cover:
Our based layers for land cover came from the Northwest ReGAP (MT and WY) and Southwest
ReGAP (CO and UT):
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http://www.gap.uidaho.edu/Northwest/data.htm
http://earth.gis.usu.edu/swgap/landcover download.html

We used the following land cover classifications to build our land cover/land use categories:

Urban: NW ReGAP codes 22, 23 and 24 (low, medium, and high intensity developed); SW
ReGap codes 111 and 112 (low and medium-high intensity developed). Clumps of pixels smaller
than 5 pixels were removed using the Eliminate command in Erdas Imagine. All pixels within
100m of a highway were also removed. Finally, remaining pixels were shrunk by 1 pixel, to
remove isolated, non-highway roads pixels.

Agriculture: NW ReGap codes 81 and 82 (hay/pasture and cropland); SW ReGap code 114 (agri-
culture). Clumps of pixels smaller than 5 pixels were removed using the Eliminate command in
Erdas Imagine.

Timber harvest: NW ReGap codes 8601, 8602 and 8603 (harvested, grass, shrub and tree regen-
eration); SW ReGap code 123 (logged). Clumps of pixels smaller than 5 pixels were removed
using the Eliminate command in Erdas Imagine.

Each grid was expanded and scores were assigned to pixels.

Mining:

In addition to ReGAP mining pixels (ESLF 31 and 8498 for MT, ESLF 117 for UT and CO, pixel
groups smaller than 11 removed), point locations of active and/or abandoned mines were ob-
tained from a variety of sources:

http://nris.mt.gov/nsdi/nris/deq_abandoned_mines.html
http://mining.state.co.us/G1S%20Data.htm

GNIS data from Daniel Smith, Utah DNR (danielsmith@utah.gov)
http://mrdata.usgs.gov/mineral-resources/active-mines.html

After being assigned scores and weights, the grids were stacked into a global integrity grid with
values ranging from 10,000 (highest integrity) to 38,925 (lowest integrity):

Pixels with the highest possible integrity: [(>200m 4-wheel drive: 15%, >300m local roads: 35%,
>500m highways: 50%) * 35%] + [(>2000m urban: 40%, >500m crop agriculture: 40%, >2000m
timber harvest: 20%) * 35%] + [(>200m artificial flow: 25%, >200m water right pt of use: 50%,
>200m section 404: 25%) * 20%] + [(>150m abandoned mines: 100%) * 10%) =

[(15 + 35 +50)*35] + [(40 + 40 + 20)*35] + [(25 + 50 + 25)*20] + [100*10] = 10,000

Pixels with the lowest possible integrity: [(<100m 4-wheel drive: 15%, <100m local roads: 35%,
<100m highways: 50%) * 35%] + [(<500m urban: 40%, <200m crop agriculture: 40%, <500m
timber harvest: 20%) * 35%] + [(<100m artificial flow: 25%, <100m water right pt of use: 50%,
<100m section 404: 25%) * 20%] + [(<60m abandoned mines: 100%) * 10%) =

[(3*35 + 4*35 + 5*50)*35] + [(5*40 + 5*40 + 5*20)*35] + [(3*25 + 3*50 + 3*25)*20] +
[(100*3)*10] = 43,825
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Table B-1.

Category Buffer distance Score Weight
(meters)

Roads 35%
4-wheel drive (15%) 0-100
100.01-200
>200.01
Local roads, city streets (35%) 0-100
100.01-200
200.01-300
>300.01
Highways (50%) 0-100
100.01-200
200.01-300
300-500
>500.01
Land Cover 35%
Urban (40%) 0-500
500.01-1000
1000.01-1500
1500.01-2000
>2000.01
Crop agriculture (40%) 0-200
200.01-300
300.01-400
400.01-500
>500
Timber harvest (20%) 0-500
500.01-1000
1000.01-1500
1500.01-2000
>2000.01
Hydrology 20%
Artificial flow (25%) 0-100
100.01-200
>200.01
Water right point of use (50%) 0-100
100.01-200
>200.01
Section 404 permit (25%) 0-100
100.01-200
>200.01
Land use 10%
Abandoned mines (100%) 0-60
60.01-150
>150.01
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APPENDIX C. SCREENING PROCESS FOR SITE SELECTION IN THE
Rocky MounTtaiN REMAP ProJECT






Essential GIS layers:
Digital Raster Graphic (topographic map)

NAIP or other aerial image

Land Ownership and Designation

Cells and Points

Other Useful Layers:

Wetland layers

Landscape-scale vegetation layers (ReGAP, Landfire, etc.)

County and state boundaries, roads, trails, river, lakes

The Cell Attribute Table:
The following fields were added to the cell attribute table: <Include>, <Dom_Owner>, and <Comments>

<Include> is marked “yes,” “no,” or “maybe” depending on whether points have been selected within that
cell and the confidence of those selections. The “maybe” designation is reserved for cells that need careful
consideration before spending travel time.

<Dom_Owner> contains information of who manages the land, (i.e. Private, USFS, BLM, etc).

<Comment> includes information about the first two designations and any other relevant information.
This contains the reasoning behind the “yes,” “no,” or “maybe” inclusion.

The Point Attribute Table:
The following fields have been added to the point attribute table: <Selected>, <EcolSyst>, <EcolSyst2>,
<Confidence>, and <Comments>

<Selected> can be only “yes” or “no”; a decision must be made.

<EcolSyst> and <EcolSyst2> can be marked as ONLY ONE Ecological System type: “Marsh,” “Fen,”
“Wet Meadow,” “S-M Rip Shrub,” “S-M Rip Wood,” “LM Rip Wood & Shrub,” or “n/a” (not analyzed).
“S-M Rip Wood” is no longer a target system, but can still be included as a secondary designation.

“n/a” should be used only for points that have a selection of “no.” Every point with a selection of “yes”
must also have a designation in <EcolSyst>, even if <EcolSyst2> is left blank.

We have two EcolSyst fields for points that are wetlands, but there remains some question as to which
type. <EcolSyst> is reserved for the most probable type. <EcolSyst2> can be left blank if the first designa-
tion is clear.

Points can have a selection of “no” but still have an <EcolSyst> designation if the site is too small to
sample, or if confidence is too low to sample, or another reason indicated in <Comments>.

<Confidence> is marked “high,” “medium,” or “low.” A *“high” designation indicates that the point is
clearly a sample able wetland, even if there is question as to what <EcolSyst> designation to use. A “me-
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dium” designation indicates some doubt as to whether the point should be visited or not. A “low” designa-
tion indicates a larger amount of doubt, a second opinion is needed.

<Comment> can include any useful information, and examples are “on private land,” “not a wetland,”
“site too small to sample,” “is this a wetland or a cloud?” etc.

Do not leave the <Comment> column blank for points where <Selected> is “no.” These are easily filled in
for most points using the Field Calculator in GIS and can be surprisingly helpful. Examples include “on
private land” or “upland area, not wetland.”

Methods:

Each cell/point must eventually be designated with information in every added column (except perhaps
<EcolSyst2>.

It is most efficient to first look at the Land Ownership layer so that points on private land can be discarded
immediately.

Use the DRG layer to identify the best potential sites on public land. Go to these points first at a ~1:2,000
resolution).

Use the aerial image to confirm wetland presence.

Use wetland data if available, and surrounding vegetation data to further strengthen decisions to select
points. These data are sometimes too coarse but sometimes very useful.

Use the measuring tool to confirm that potential points are within 20 m of a wetland that is wider than 20
m and at least 0.10 ha in area.

Lastly, navigate through the cell at a 1:5,000 looking for other unexpected potential wetlands.

Be critical and try to only select points that will probably be confirmed, but also be consistent across cells,
and for all points.

Finally, use county, road, river and stream layers when locating the cells within the landscape.
To make sure that selected points occur within a landscape context that meets our criteria of High Integ-

rity, the following thresholds have been set. Selected points must be at least the stated minimum distance
from the following potential stressors.
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Distance from Roads
4x4, dirt >200 m
local, city >300 m

highways >500 m

Hydrologic Modification
canals, ditches >200 m

reservoirs >1,000 m (only if wetland is down-
stream)

water right point of use (wells, diversion points,
impoundments) >200 m

Land Cover

high density residential >2,000 m

low density residential / high use recreation >300m
crop agriculture / hay pastures >500 m

timber harvest >2,000 m

Land Use
abandoned mines / tailings piles >500 m
active gravel pit, open pit, strip mining >1,000 m

evidence of livestock >200 m
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Field Key to Wetland and Riparian Ecological Systems of
Montana, Wyoming, Utah, and Colorado

la. Wetland defined by groundwater inflows and peat (organic soil) accumulation of at least 40 cm.
Vegetation can be woody or herbaceous. If the wetland occurs within a mosaic of non-peat forming
wetland or riparian systems, then the patch must be at least 0.1 hectares (0.25 acres). |If the wetland
occurs as an isolated patch surrounded by upland, then there is no minimum size criteria...........ccocceeevvenen.
................................................................................................. Rocky Mountain Subalpine-Montane Fen
1b. Wetland does not have at least 40 cm of peat (organic soil) accumulation or occupies an area less
than 0.1 hectares (0.25 acres) within a mosaic of other non-peat forming wetland or riparian systems ...... 2

2a. Total woody canopy cover generally 25% or more within the overall wetland/riparian area. Any
purely herbaceous patches are less than 0.5 hectares and occur within a mosaic of woody vegetation.

Note: Relictual woody vegetation such as standing dead trees and shrubs are included here.....................
............................................................. GO TO KEY A: Woodland and Shrubland Ecological Systems
2b. Total woody canopy cover generally less than 25% within the overall wetland/riparian area. Any
woody vegetation patches are less than 0.5 hectares and occur within a mosaic of herbaceous wetland
Y210 <3 7= Lo oSS PRSSI 3

3a. Total vegetation canopy cover generally 10% OF MOTE .......ccooueiriieieeeese e se e seenes
..................................................................................... GO TO KEY B: Herbaceous Ecological Systems
3b. Total vegetation canopy cover generally less than 10%............. GO TO KEY C: Sparse Vegetation

KEY A: Woodland and Shrubland Ecological Systems

la. Woody wetland associated with any stream channel, including ephemeral, intermittent, or perennial
RN T [TV P S 2
1b. Woody wetland associated with the discharge of groundwater to the surface or fed by snowmelt or
precipitation. This system often occurs on slopes, lakeshores, or around ponds. Sites may experience

overland flow but no channel formation. (Slope, Flat, Lacustrine, or Depressional HGM Classgs)............ 9
2a. Riparian woodlands and shrublands of the montane or subalpine zone (refer to lifezone table)........... 3
2b. Riparian woodlands and shrublands of the plains, foothills, or lower montane zone (refer to lifezone

122 0] 1) SRS 4

3a. Montane or subalpine riparian woodlands (canopy dominated by trees). This system occurs as a
narrow streamside forest lining small, confined low- to mid-order streams. Common tree species include
Abies lasiocarpa, Picea engelmannii, Pseudotsuga menziesii, and Populus tremuloides.........c..cccccvvvennenee.
...................................................................... Rocky Mountain Subalpine-Montane Riparian Woodland
3b. Montane or subalpine riparian shrublands (canopy dominated by shrubs with sparse tree cover). This
system occurs as either a narrow band of shrubs lining the streambank of steep V-shaped canyons or as a
wide, extensive shrub stand (sometimes referred to as a shrub carr) on alluvial terraces in low-gradient
valley bottoms. Beaver activity is common within the wider occurrences. Species of Salix, Alnus, or
Betula are typically dominant...................... Rocky Mountain Subalpine-Montane Riparian Shrubland

4a. Riparian woodlands and shrublands of the foothills or lower montane zones of the Northern, Middle,

and Southern Rockies, Wyoming Basin, Wasatch and Uinta Mountains, and Great Basin ............c.ccccueni.. 5
4b. Riparian woodlands and shrublands of the Northwestern or Western Great Plains of eastern Montana,
central Wyoming, or northeastern Colorado...........cuvveiiiiiiiiiiee e e 7
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5a. Foothill or lower montane riparian woodlands and shrublands associated with mountain ranges of the
Northern Rockies in northwestern Montana. This type excludes island mountain ranges east of the
Continental Divide in Montana. Populus balsamifera ssp. trichocarpa is typically the canopy dominant
in woodlands. Other common tree species include Populus tremuloides, Betula papyifera, Betula
occidentalis, and Picea glauca. Shrub understory species include Cornus sericea, Acer glabrum, Alnus
incana, Oplopanax horridus, and Symphoricarpos albus. Areas of riparian shrubland and open wet
MEAAOW QI COMMION ... ..ottt te eet et et eet e eee et e e e en e te e e e e e en e ne e e et e an e aeeeesaee een e neneannaees
................................. Northern Rocky Mountain Lower Montane Riparian Woodland and Shrubland
5b. Foothill or lower montane riparian woodlands and shrublands of other mountain regions................... 6

6a. Foothill or lower montane riparian woodlands and shrublands associated with mountain ranges of the
Southern and Middle Rockies, Wyoming Basin, and Wasatch and Uinta Mountains. This type also
includes island mountain ranges in central and eastern Montana. Woodlands are dominated by Populus
spp. including Populus angustifolia, Populus balsamifera ssp. trichocarpa, Populus deltoides, and
Populus fremontii. Common shrub species include Salix spp., Alnus incana, Crataegus spp., Cornus
sericea, and Betula OCCIABNTANIS. ... ......oie it e e e e e e e e e et e e e
................................... Rocky Mountain Lower Montane-Foothill Riparian Woodland and Shrubland
6b. Foothill or lower montane riparian woodlands and shrublands associated with mountain ranges of the
Great Basin in Utah. Woodlands are dominated by Abies concolor, Populus angustifolia, Populus
balsamifera ssp. trichocarpa, Populus fremontii, and Pseudotsuga menziesii. Important shrub species
include Artemisia cana, Betula occidentalis, Cornus sericea, Salix exigua, Salix lutea, Salix lemmonii,
and Salix lasiolepis ..... Great Basin Foothill and Lower Montane Riparian Woodland and Shrubland

7a. Woodlands and shrublands of draws and ravines associated with permanent or ephemeral streams,
steep north-facing slopes, or canyon bottoms that do not experience flooding. Common tree species
include Fraxinus spp., Acer negundo, Populus tremuloides, and Ulmus spp. Important shrub species
include Crataegus spp., Prunus virginiana, Rhus spp., Rosa woodsii, Symphoricarpos occidentalis, and
Shepherdia argentea. .......cccocvevvveeierieencsie e Western Great Plains Wooded Draw and Ravine
7b. Woodlands and shrublands of small to large streams and rivers of the Northwestern or Western Great
Plains. Overall vegetation is lusher than above and includes more wetland indicator species. Dominant
species include Populus balsamifera ssp. trichocarpa, Populus deltoides, and Salix spp. .......ccocovevveienen. 8

8a. Woodlands and shrublands of riparian areas of medium and small rivers and streams with little or no

floodplain development and typically flashy hydrology........cccccvveiiiciiic e
........................................................................................... Northwestern/Western Great Plains Riparian
8b. Woodlands and shrublands of riparian areas along medium and large rivers with extensive floodplain
development and periodic flooding..........c.ccocevrnrnneen. Northwestern/Western Great Plains Floodplain

9a. Woody wetland associated with small, shallow ponds in northwestern Montana. Ponds are ringed by
trees including Populus balsamifera ssp. trichocarpa, Populus tremuloides, Betula papyrifera, Abies
grandis, Abies lasiocarpa, Picea engelmannii, Pinus contorta, and Pseudotsuga menziesii. Typical shrub
species include Cornus sericea, Amelanchier alnifolia, and SaliX Spp.........ocooveiiiiiii i,
...................................................................................... Northern Rocky Mountain Wooded Vernal Pool
9b. Woody wetland associated with the discharge of groundwater to the surface, or sites with overland
flow but N0 ChanNEl FOIMALION. ......cvoiiie bbb 10

Appendix D - 2



10a. Coniferous woodlands associated with poorly drained soils that are saturated year round or
seasonally flooded. Soils can be woody peat but tend toward mineral. Common tree species include
Thuja plicata, Tsuga heterophylla, and Picea engelmannii. Common species of the herbaceous
understory include Mitella spp., Calamagrostis spp., and EQUISEtUM arvenSe...........ccevvevvreerereereesesieenenns
............................................................................................... Northern Rocky Mountain Conifer Swamp
10b. Woody wetlands dominated DY ShrubS ..o 11

11a. Subalpine to montane shrubby wetlands that occur around seeps, fens, and isolated springs on slopes
away from valley bottoms. This system can also occur within a mosaic of multiple shrub- and herb-
dominated communities within snowmelt-fed basins. This example of the system has the same species
composition as the riverine example of this system and is dominated by species of Salix, Alnus, or

Betula. ...ooveeeieicee Rocky Mountain Subalpine-Montane Riparian Shrubland
11b. Lower foothills to valley bottom shrublands restricted to temporarily or intermittently flooded
drainages or flats and dominated by Sarcobatus vermiculatus.. Inter-Mountain Basins Greasewood Flat

KEY B: Herbaceous Wetland Ecological Systems

la. Herbaceous wetlands of the Northwestern Glaciated Plains, Northwestern Great Plains, or Western
Great Plains regions of eastern Montana, central Wyoming, or northeastern Colorado............c.c.cceeveruennenn. 2
1b. Herbaceous wetlands Of OtNer FEGIONS .........cuiiiiiiie i 5

2a. Wetland occurs as a complex of depressional wetlands within the glaciated plains of northern
Montana. Typical species include Schoenoplectus spp. and Typha latifolia on wetter, semi-permanently
flooded sites, and Eleocharis spp., Pascopyrum smithii, and Hordeum jubatum on drier, temporarily

L (000 =T S]] (=T Great Plains Prairie Pothole
2b. Wetland does not occur as a complex of depressional wetlands within the glaciated
PIAINS OF IMOMEANG ...ttt bbbttt b s bt b e b e sb e e e e sb e e bt ek sbeenbenbesneenbeeas 3

3a. Depressional wetlands in the Western Great Plains with saline soils. Salt encrustations can occur on
the surface. Species are typically salt-tolerant such as Distichlis spicata, Puccinellia spp., Salicornia spp.,
and Schoenoplectus maritimus............coccoceeveieeieniene. Western Great Plains Saline Depression Wetland
3b. Depressional wetlands in the Western Great Plains with obvious vegetation zonation dominated by
emergent herbaceous vegetation, including Eleocharis spp., Schoenoplectus spp., Phalaris arundinacea,
Calamagrostis canadensis, Hordeum jubatum, and Pascopyrum Smithil..........cccccooeviiininninienenccienee 4

4a. Depressional wetlands in the Western Great Plains associated with open basins that have an obvious
connection to the groundwater table. This system can also occur along stream margins where it is linked
to the basin via groundwater flow. Typical plant species include species of Typha, Carex,

Schoenoplectus, Eleocharis, Juncus, and floating genera such as Potamogeton, Sagittaria, and
Ceratophyllum.........cccoooviinininiic Western Great Plains Open Freshwater Depression Wetland
4b. Depressional wetlands in the Western Great Plains primarily within upland basins having an
impermeable layer such as dense clay. Recharge is typically via precipitation and runoff, so this system
typically lacks a groundwater connection. Wetlands in this system tend to have standing water for a
shorter duration than Western Great Plains Open Freshwater Depression Wetlands. Common species
include Eleocharis spp., Hordeum jubatum, and Pascopyrum Smithii .........ccccccceveveiiiniieni e
................................................................................... Western Great Plains Closed Depression Wetland
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5a. Small (<0.1 ha) depressional, herbaceous wetlands occurring within dune fields of the Great Basin,

Wyoming Basin, and other small inter-montane DaSsiNS..........ccccvoiriiiiiiii s
................................................................................... Inter-Mountain Basins Interdunal Swale Wetland
5b. Herbaceous wetlands not associated with dune fields ...........cooco i 6

6a. Depressional wetlands occurring in areas of alkaline to saline clay soils with hardpans. Salt
encrustations can occur on the surface. Species are typically salt-tolerant such as Distichlis spicata,
Puccinellia spp., Leymus sp., Poa secunda, Salicornia spp., and Schoenoplectus maritimus. Communities
within this system often occur in alkaline basins and swales and along the drawdown zones of lakes and
PONGS. ...ttt Inter-Mountain Basins Alkaline Closed Depression
6b. Herbaceous wetlands not associated with alkaline to saline hardpan clay Soils. .........c.ccccoeveveiivieennnnn, 7
7a. Wetlands with a permanent water source throughout all or most of the year. This system can occur
around ponds, as fringes around lakes and along slow-moving streams and rivers. The vegetation is
dominated by common emergent and floating leaved species including species of Scirpus, Schoenplectus,
Typha, Juncus, Carex, Potamogeton, Polygonum, and Phalaris............ccccocvviiiviinniiiineiiscic e
............................................................................................... Western North American Emergent Marsh
7b. Herbaceous wetlands associated with a high water table or overland flow, but typically lack standing
water. Sites with no channel formation are typically associated with snowmelt and not subjected to high
disturbance events such as flooding (Slope HGM Class). Site associated with a stream channel are more
tightly connected to overbank flooding from the stream channel than with snowmelt and groundwater
discharge and may be subjected to high disturbance events such as flooding (Riverine HGM Class).
Wetlands in this system have less than 40 cm of peat (organic soil) accumulation. Vegetation is
dominated by herbaceous species; typically graminoids have the highest canopy cover including Carex
spp., Calamagrostis spp., and Deschampsia CAESPItOSA........c.ccververeiieiieiesiese s e e sreeeesreseesresreesaesreereesreas

KEY C: Sparsely Vegetated Ecological Systems

la. Sites are restricted to drainages with a variety of sparse or patchy vegetation including Sarcobatus
vermiculatus, Ericameria nauseosa, Artemisia cana, Artemisia tridentata, Grayia spinosa, Distichlis
spicata, and SPorobolus @Ir0Ides. ...........ccuiiriiiiiie e Inter-Mountain Basins Wash
1b. Sites occur on barren or sparsely vegetated playas that are intermittently flooded and may remain dry
for several years. Soil is typically saline, and salt encrustrations are common. Plant species are salt-
tolerant and can include Sarcobatus vermiculatus, Distichlis spicata, and AtripleX Spp......c.cccoevvvverevivervenn.
....................................................................................................................... Inter-Mountain Basins Playa
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Rocky Mountain REMAP Field Manual

Section 1: Introduction to the Rocky Mountain REMAP Project

This field manual documents protocols for the Rocky Mountain Wetland Condition Assessment project
funded through the U.S. Environmental Protection Agency’s (EPA) Regional Assessment and Monitoring
Program (REMAP). This project is a collaborative effort by the Montana Natural Heritage Program (MTNHP),
the Colorado Natural Heritage Program (CNHP), and the Wyoming Natural Diversity Database (WYNND) to
develop a standardized approach to assessing wetland condition in the mountain ecoregions of U.S. EPA
Region 8. The work we are doing will also further the objectives of the National Wetland Condition
Assessment (NWCA) scheduled for 2011 by providing an opportunity to field test proposed metrics and
protocols.

The Rocky Mountains have a unique geography, population distribution, and concentration of public land
ownership. In Montana, Wyoming, Colorado and Utah, mountain areas receive as much as ten times the
relative effective precipitation than do the eastern plains. The extremes of mountain climate, high elevations
and characteristic geology produce a large range of natural variability among wetlands. Even under minimal
human disturbance regimes, environmental gradients can result in wetlands with very low vegetation cover,
low species diversity and unpredictable hydrologic shifts. Moreover, there are distinct ecoregional differences
within the Rocky Mountain States. For example, southern areas are subjected to monsoonal weather patterns
during the summer months, while northern areas are generally dry after June. To date, there have been no
systematic studies addressing whether, and to what extent, these differences might affect natural variability
among wetland ecological systems.

Many of the wetland assessment protocols in use across the country have been designed for areas with more
moderate climates and have not been tested or calibrated in mountain ecoregions. Even though researchers
from Colorado, Montana and Wyoming have been extensively involved in developing ecoregion-specific
assessment protocols and methods, field testing and calibration of indicators and metrics is still ongoing.
While informal collaborative networks exist, there has not been the kind of systematic cooperation and
information sharing that will be necessary for consistent and effective assessment and monitoring across the
region. This project addresses the need for such cooperation by bringing researchers from all three states
together to collaborate on a standardized regional protocol and to evaluate, calibrate and validate the tools
being developed for the National Wetland Condition Survey.

Field work for the Rocky Mountain REMAP project focuses on establishing a baseline reference standard
condition. By describing the natural variability associated with reference condition wetlands, the response of
these wetlands to human-induced disturbances is more easily understood. In other words, it becomes easier
to separate the signal (response to human disturbance) from noise (natural variability) when sampling
wetlands across a human disturbance gradient. It follows that, if ecological response to stressors can be
identified, then better informed restoration, management, and protection projects can be implemented.

Practically speaking, natural variability is difficult to define empirically since long-term ecological data as well
as data on conditions prior to European settlement are rarely available (Swetnam et al. 1999). In ecological
and biological assessments, the concept of “reference standard” sites may have several meanings. Atone
extreme, it means sites that have been minimally disturbed by human activities, while at the other it means
“best attainable condition” (Stoddard et al. 2006). Typically, minimally disturbed sites are found only in
near-pristine areas managed as wilderness or in similar remote and wild areas (Herlihy et al. 2008). In broad
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regional or national assessment contexts, selection of “minimally disturbed” as a reference standard may be
inappropriate, simply because the types of sites found in these remote, often high-elevation areas may be
biologically dissimilar to sites in less extreme locations, even in the absence of human disturbance. However,
in the Rocky Mountain West, we expect that minimally disturbed examples of most wetland ecological
systems can be found across the range of abiotic gradients occurring in the area. Therefore, we will use the
concept of Minimally Disturbed Condition (MDC). This is the biotic condition of sites in the absence of
significant human disturbance. Stoddard et al. (2006) consider the MDC to be the “best approximation or
estimate of biotic integrity.” Recognizing that most sites have likely been exposed to some minimal human
stressor (e.g. atmospheric contaminants), the definition incorporates the disclaimer of “significant” human
disturbances. The natural variation of the MDC provides a baseline from which ecological indicators can be
assessed to determine their comprehensiveness, sensitivity, and their ability to distinguish highly impacted
from reference standard sites.

Natural variability occurs both within wetland classes (e.g. wet meadows may occur at alpine and lower
montane elevations, leading to differences in plant diversity and productivity) and between different wetland
classes (e.g. fens differ in hydrology, soils, and plant communities from freshwater marshes). To constrain
the breadth of natural variability between wetlands in some way, wetlands are generally classified into
discrete types. Common wetland classification systems include the Cowardin system (Cowardin et al. 1979),
the hydrogeomorphic (HGM) system (e.g. Hauer et al. 2002), the National Vegetation Classification Standard
(NVC) and the ecological systems classification (Comer et al. 2003). For the purpose of our study, we will use
the ecological systems classification. This is a spatially explicit, mappable, mid-scale classification that
integrates finer-scale plant communities (e.g. associations and alliances) with natural dynamics, soil types,
hydrology, and landscape setting. Individual wetland ecological systems can also be crosswalked to the
hydrogeomorphic (HGM) classification system and the Cowardin system using field indicators. We have
chosen to use ecological systems as our primary classification system for several reasons: first, substantial
work has already been completed in Colorado and, to a lesser degree, in Montana to identify the key
ecological attributes and indicators of wetland ecological systems; second, comprehensive land cover maps
using ecological systems as map units are now available throughout the Rocky Mountain West; third, they
integrate the abiotic and hydrologic approach of the HGM with the vegetation and landform approach of the
Cowardin system; and fourth, they are at once broad enough and narrow enough to capture the range of
natural variability in wetlands while organizing it into similar and manageable conceptual units.

We have identified four wetland ecological systems common to mountainous regions of all four states in the
project area:

e North American Arid West Emergent Marsh

e Rocky Mountain Subalpine-Montane Fen

e Rocky Mountain Alpine-Montane Wet Meadow

e Rocky Mountain Subalpine-Montane Riparian Shrubland
This project will identify the key ecological attributes of each ecological system, identifying the range of
natural variability (if any) that can be expected for each attribute at reference standard sites. We expect to
identify a minimum of twenty reference standard examples of each ecological system. These will not
necessarily be evenly distributed among the ecoregions or states in the study—Utah’s Wasatch and Uinta
Mountains do not have the same fen density as the Northern Rocky Mountains, for example—but we are
aiming for a broad regional spread.

2010 Rocky Mountain REMAP Field Manual Page 2
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Section 2: Elements of the Study Design

We will use a three-step approach to identifying reference sites: identification of landscape units; screening
for high-integrity areas with reasonable access; and selection of sites using a Generalized Random
Tessellation Stratified (GRTS) sampling design.

2.1. Stratification across Level 11l Ecoregions
The Rocky Mountain West! is an area characterized by rugged landscapes, climatic extremes, and rivers with
snowmelt-driven hydrographs. Within the study area, seven Omernik Level Il ecoregions reflect differences
in physiography, geology, vegetation, climate, soils, land use and hydrology (Omernik 1987). However, within
these broad ecoregions, there is still considerable variability in biotic and abiotic factors. We know that this
variability affects the distribution of wetland ecological systems in the Rocky Mountain West. Playas, for
example, are primarily found in the Southern Rockies. Northern Rocky Mountain Vernal Pools tend to be
more frequent in Montana. Therefore, it follows that even when we see wetland ecological systems occurring
in all four states in the study area, there may be significant regional differences in relevant ecological
attributes as a result of environmental variables such as precipitation, temperature, geology, etc. For the
purpose of the Rocky Mountain REMAP project, we will use EPA Level III ecoregions as a grouping unit and
will focus on four ecoregions (Figure 1):

e Canadian Rocky Mountains

e Middle Rocky Mountains

e  Southern Rocky Mountains

e  Wasatch and Uintah Mountains

2.2. Screening for high quality sites with reasonable access.

To identify areas in minimally disturbed condition, we adapted a landscape integrity model developed for
Montana (Vance 2009). This is an inverse weighted distance model premised on the idea that ecosystem
processes and functions achieve their fullest expression in areas where human activities have the least
impact. In the case of wetlands, it presumes that reference standard wetlands are mostly likely to be found in
areas well-removed from roads, commercial or industrial development, urban areas, resource extraction
sites, or hydrologic modifications. When tested on a set of rapid assessments carried out in Montana’s
mountain ecoregions, the model was able to accurately assign A-ranks (on an A, B, C, or D scale) in 75% of the
cases. Where measured rank differed, it was generally due to factors that were not included the model, such
as high-use backcountry recreation sites or timber harvest activities on federal lands. In most cases, these
factors can be identified visually from aerial photography. Although GIS data quality may vary among
individual Rocky Mountain states, we have identified sufficient comparable data sets to build a Rocky
Mountain Landscape Integrity Model that can be used as an initial predictor of minimally disturbed areas.

Minimally disturbed areas will, of course, include many areas with no reasonable access. Because our goal is
to identify reference standard sites that can be used in subsequent studies and research, we will limit our
search area to locations within 2 miles of a maintained footpath or trail (areas near roads will, by definition,
fall outside the MDC criterion). We will also limit the area by ownership, selecting locations on public land,

1 The “Rocky Mountain West” is a broad geographic concept that includes the four states in the study area as
well as Idaho, and sometimes Nevada, New Mexico and Arizona. We use the term to refer to the Rocky
Mountain States in EPA Region 8: Montana, Wyoming, Colorado and Utah.
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again with the intention of maintaining access over time. To delineate this search area, we will obtain GIS
layers of footpaths and trails from each National Forest, National Park, and other managed resource area
(wildlife refuges, state parks, etc). If there are high-integrity areas with no GIS layers for trails, we will hand-
delineate trails from aerial photographs.

MONTANA

WYOMING

UTAH

Study Ecoregions
[ canadian Rockies
Middle Rockies
P southern Rockies
Wasatch and Uinta Mountains

Figure 1. Four Level III Ecoregions included in the Rocky Mountain REMAP Project.
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2.3. Selection of sites

Our target population will be all examples of the four wetland ecological systems within the accessible, high-
integrity area identified in step 2. We will lay a 2 mile by 2 mile grid of cells over the area and use a
Generalized Random Tessellation Stratified (GRTS) sampling design to choose potential sample grid cells
(Stevens 1997; Stevens and Olsen 1999; Stevens and Olsen 2004), stratifying by landscape unit (e.g.
ecoregions). After the potential sample grid cells are chosen using GRTS, each will be sequentially evaluated
to determine if it contains wetlands (using National Wetland Inventory mapping where available and digital
orthophotos when not available). We will also determine whether there are human disturbances within the
sample grid that were not identified in the GIS; if this is the case, the sample grid square will be skipped.

Within all non-disturbed grid cells, we will lay a grid of points at 100 m intervals in each direction. These
points will be ordered using GRTS and we will evaluate each point in the order assigned by GRTS. Each GRTS
point that falls within a wetland will be coded as one of the six ecological systems; wetlands that are not
within one of the six target ecological systems (e.g.conifer swamps, vernal pools, etc) will be disregarded. We
will continue to evaluate points in the GTRS order until we have selected up to five examples of each wetland
ecological system that occurs in the cell. Our goal will be to visit at least one example of each wetland type in
each cell, but we will draw oversamples in case we are unable to access sample sites. GRTS sampling will be
carried out in ArcGIS and R-package spsurvey.

Section 3: Introduction to Field Sampling Protocols

Field protocols used in this project draw from methods under development at CNHP and MTNHP through
previous and concurrent EPA funding and are based on the E