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Terrestrial Montane and Subalpine Ecosystems 
Date:  February 18-19, 2004 
Location:  Sevilleta LTER Field Station, New Mexico 
 
Participants:      Organizers/Participants:
Craig Allen, USGS                        Chris Lauver, NPS/SCPN 
Dan Binkley, Colorado State University   John Vankat, NPS 
Jim Gosz, University of New Mexico   Lisa Thomas, NPS/SCPN 
Joy Mast, Carthage College    
Bill Romme, Colorado State University   Data Managers / Notetakers:  
Kara Leonard, NPS/Grand Canyon   Nicole Tancreto, NPS/SCPN 
George San Miguel, NPS/Mesa Verde   Julie Atkins, NAU/SCPN 
Anne Cully, NPS/SCPN 
 
Background 
With a mix of science experts, NPS resource managers, and I&M network staff, a 2-day workshop was 
held to determine a prioritized list of candidate vital signs to be used to monitor terrestrial montane 
ecosystems in the SCP network.  The workshop was held concurrently with a workshop on terrestrial 
dryland ecosystems.  The two groups first met as a combined group to discuss workshop objectives and 
common resources and management issues related to parks in the network, then met in separate groups 
to generate a prioritized listing of vital signs, and finally met together again to compare and discuss the 
results from each workshop.  The specific objectives of the workshop were: 1) to develop a priority listing 
of the most important  vital signs to monitor within the terrestrial montane ecosystems across the SCPN 
park units; and 2) to develop group recommendations regarding monitoring emphasis among the major 
montane ecosystems.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The montane/subalpine group considered the following ecosystems:  Ponderosa Pine, mixed conifer, and 
spruce-fir forests; montane shrubland; and montane-subalpine grassland.  The workshop included 
discussion of the biotic integrity of the predominant and unique plant communities, disturbance regimes, 
upland soil stability and hydrologic function, and the effects of anthropogenic stressors.   
 
Workshop Summary 
Evaluating Candidate Vital Signs 
Vital Sign List (Table G1):  Working individually, the group initially nominated 28 candidate vital signs.  
Several of these involved land and vegetation cover at the landscape scale and were combined to form a 
multiscale vegetation cover and structure sign that was (with further discussion) split into 3 signs at 
different scales (regional, landscape, and plot-scale).  Several initial signs involving fire patterns and fire 
effects were combined into a single sign.  Other nominated signs within the biotic integrity category that 
pertained to vegetation were covered by the landscape-scale detailed vegetation cover sign.  A few signs 
pertaining to animal populations were combined.  Upon inspection of the entire list and with group 
discussion, two signs (recreation impacts and air pollution) that had not been nominated by an individual 
were added to the list.  Overall, this discussion, refinement, and combining of the initial list of 28 signs 
reduced the list to 14 vital signs (with at least 1 sign retained in each category).  
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Table G1.  List of 14 candidate vital signs nominated by the terrestrial montane/subalpine group. 
Category Candidate Vital Sign 

Weather and Climate Local climate patterns  
Landscape Pattern Vegetation vigor / mortality 
Landscape Pattern Regional land cover 
Landscape Pattern Detailed vegetation cover 
Landscape Pattern - 
Disturbance Insect outbreaks and occurrence patterns 
Disturbance Regimes Fire patterns (frequency, extent, seasonality, severity, and effects) 
Upland Soil, Water and 
Nutrient Dynamics Water quality (sediment, nitrate, conductivity, flow regime) 

Biotic Integrity 
Vertebrate population dynamics of species that harbor human and 
wildlife diseases 

Biotic Integrity 
Major animal populations that impact vegetation (ungulates, 
beavers, predators) 

Biotic Integrity Plot-scale vegetation composition and structure 

Biotic Integrity 
Populations of species (all taxa) tied to major plant communities 
(indicators) 

Stressors Invasive species (plants and animals) 
Stressors Recreation and impacts resulting from management 
Stressors Air pollution 

 
Vital Sign Ranking (Tables G2 and G3):  Climate, fire, and vital signs relating to vegetation dominated the 
most highly ranked signs.  Eleven of the 14 signs received relatively high scores (i.e., above 7).  The 
three lowest scores (ranging from 4.8 to 5.9) included two stressors (air pollution, and recreation / 
management impacts), and an animal-related sign (vertebrate population dynamics of disease-related 
species).  The highest scoring stressor was invasive species, and the highest animal-related vital sign 
was for animal populations that impact vegetation.  Insect outbreaks, water quality, and indicator species 
tied to major plant communities scored at the low end of the mid-range. 
 
Vital Sign Sets (Table G4): The vital sign set results largely mirrors those presented in Tables G2 and G3 
and discussed above.  Contrary to the ranking process, participants were not constrained in picking these 
sets, and thus the set results could be viewed as an independent validation of the ranking process.  
Detailed vegetation cover was the vital sign that was selected the most often as the single, most 
important sign to monitor, and was the sign picked most often to be part of any set.  Climate and other 
vegetation-related signs were the only other signs to be picked as the most important sign to monitor.  
Fire patterns was the sign most selected for the top 3 and top 5 sets, and was second only to detailed 
vegetation cover in the number of times selected overall.  Aside from the dominance of vegetation, fire, 
and climate signs; invasive species (highest selected stressor), indicator species tied to major plant 
communities, and water quality were deemed to be important members of the sets.  Other signs receiving 
1 vote each included animal populations that impact vegetation, insect outbreaks, and air pollution.   
 
Discussion Summary 
A summary of the written responses by participants reveals that the ponderosa pine forest generally has 
the lowest inherent resistance/resilience of the 5 montane ecosystems, followed closely by the mixed 
conifer forest, then montane grassland and the spruce-fir forest, with montane shrubland rated with 
generally high resistance (Table G5).  The relative ranking of exposure to anthropogenic stressors 
generally follows this same order (with ponderosa pine forest ranked as high and montane shrubland 
mostly low).  Fire suppression was the primary stressor; other stressors included elk browsing, insects, 
human activity (related to stands located in the wildland-urban interface), and possibly air pollution (may 
become increasingly important in the future).  The montane shrubland and spruce-fir forests were ranked 
as in generally good condition, with variable responses on current conditions for the other ecosystems.  A 
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list of the vital signs to emphasize aligned with the results presented in Tables G2 through G4, and 
included fire patterns, vegetation at the landscape scale (detailed cover) and the plot scale, vegetation 
vigor, and climate.  Additionally, insects and animal populations (such as elk) were listed as important 
signs to monitor.  Some park-specific information is presented in Table G5, with an emphasis to monitor 
unique stands and (in general) the full extent of these systems within NPS units given their limited 
distribution and vulnerability to change as a consequence of climate change and changes in their natural 
disturbance regimes. 
  
Candidate Vital Sign Descriptions 
Local climate patterns:  Characterizes localized precipitation and temperature patterns; compares to 
historical range of variability and looks for “unusual” drought intensity/duration or hot/cold periods; winter 
precipitation is particularly important with respect to soil moisture conditions and vegetation (tree) 
establishment, survival, and vulnerability to fire.  
 
Vegetation vigor / mortality:  Characterizes the vigor (or greenness) of vegetation.  This includes 
identifying vegetation under stress from climate (drought), pests, and human influences, and areas with 
high vegetation mortality.  Data sources are largely remotely sensed to monitor landscape patterns; plot-
based data are used to validate these patterns and to identify the causes/mechanisms of species under 
stress, decline, or mortality.  (This sign is largely equivalent to Vegetation productivity/phenology, 
nominated from the Terrestrial Arid/Semi-arid ecosystems workshop.)  
 
Regional land cover:  Describes land cover patterns at landscape/coarse spatial scale with high 
repeatability (e.g. monthly or seasonal temporal scale).  Requires use of remotely sensed data.  
Characterizes changes in landscape context (e.g. habitat fragmentation and connectivity) and adjoining 
land use patterns for areas surrounding NPS park units.  (This sign is being merged with the Surrounding 
land use sign (from the Terrestrial Arid/Semi-arid ecosystems workshop) to create a common vital sign:  
Land use / Land cover.)  
 
Detailed vegetation cover:  Describes vegetation cover patterns at a high spatial resolution with low to 
intermediate repeatability (e.g. detailed vegetation maps updated every 10-15 years).  Includes an 
emphasis on monitoring ecotones (e.g. tree invasion into grasslands), rare habitats (mostly small 
patches), and landscape/vegetation structure (e.g. patterns of vegetation heterogeneity).  Linked to both 
regional land cover and plot-based vegetation composition and structure signs.    
 
Insect outbreaks and occurrence patterns:  Describes the location, extent, and severity of insect pest 
outbreaks.  Relates to resulting decreased health/vigor of forest tree species; focuses on bark beetles 
and defoliators.  This sign related to vegetation vigor/mortality sign. 
 
Fire patterns:  Describes the location, frequency, extent, seasonality, and severity of fire (tracks the 
spatial and temporal patterns of fire and fire severity patterns).  This includes monitoring the effects of fire 
(with respect to historical range of variability) or lack of fire in light of current and historical forest 
ecosystem dynamics (e.g. identify uncharacteristic features of current fire regimes; identify areas with 
high fire vulnerability).  Related to climate and vegetation signs described above.  (This sign is equivalent 
to the Fire occurrence patterns vital sign, from the Terrestrial Arid/Semi-arid ecosystems workshop). 
 
Water quality:  Describes characteristics of water quality within streams and groundwater, including nitrate 
and sediment levels, conductivity, and flow regimes.  Changes in these characteristics can be related to 
changes in the nutrient status of ecosystems.  These changes may occur as a result of climate dynamics, 
air pollution, and disturbances to dominant vegetation. 
 
Vertebrate population dynamics of species that harbor human and wildlife diseases:  Tracks populations 
of vertebrate species that harbor human diseases (e.g. plague in rodents) and wildlife diseases (e.g. 
chronic wasting disease in deer and elk).  Objective is to monitor major faunal vectors for disease.   
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Major animal populations that impact vegetation:  Tracks populations of animals (e.g. beavers, ungulates, 
predators) that can cause changes to vegetation structure and composition.  Monitors these populations 
to detect, for example, when an “unusually” high population may signal a notable change in vegetation is 
likely.  
 
Plot-scale vegetation composition and structure:  Describes small-patch and local scale conditions of 
vegetation composition and structure, and tracks changes in these conditions over time because of 
changes in climate, fire regimes, insects, browsers, or other disturbances.  Provides important ground-
truth data to inform/interpret vegetation signs (and others) at the landscape level.     
 
Populations of species tied to major plant communities (indicators):   Tracks the population dynamics of 
species (plants and animals) linked to major plant communities; monitoring trends in these populations 
could indicate changes occurring in vegetation structure, composition, and vigor.   
 
Invasive species:  Describes the location, extent, and trends of invasive species (mostly plants, but 
includes animals) that have the capacity to alter important ecosystem processes (e.g. fire regimes) and 
ecosystem structure.  Examples include cheatgrass and tamarisk contributing to more frequent or more 
severe fires that are outside of historical range of variability.  Does not include species such as Kentucky 
bluegrass which has become “naturalized” and may have little (system-wide) impact. 
 
Recreation and impacts resulting from management:  Describes the location, extent, type of disturbance, 
and trends in impacts from concentrated and dispersed recreation, and impacts resulting from NPS 
(internal) management and development.  Monitoring may include tracking changes in ground cover and 
altered vegetation structure and composition.   
 
Air pollution:  Describes the location, extent, severity, and trends in air pollution, which affects natural and 
cultural resources through impaired visibility and threats to biotic health.  Monitoring may include tracking 
tissue damage in major plant species (forest trees). 
 
Table G2.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages for Montane/subalpine workshop. 

 Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance (Mean 

Score) 

Average of 
Management & 

Ecological 
Significance Scores 

Fire patterns 10.0 10.0 10.0 
Local climate patterns 10.0 10.0 10.0 
Detailed vegetation cover 10.0 9.1 9.5 
Plot-scale vegetation 
composition and structure 9.3 8.7 9.0 
Vegetation vigor / mortality 9.1 8.0 8.5 
Invasive species 8.5 8.5 8.5 
Regional land cover 8.9 7.6 8.2 
Animal populations that impact 
vegetation 7.8 7.6 7.7 
Populations of species tied to 
major plant communities 8.5 6.3 7.4 
Insect outbreaks and 
occurrence patterns 7.4 7.4 7.4 
Water quality 7.8 6.9 7.3 
Air pollution 4.8 5.9 5.4 
Vertebrate population 
dynamics (disease-oriented) 4.4 5.4 4.9 
Recreation and impacts 
resulting from management 3.5 6.1 4.8 
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Table G3.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by the 
additive scores from four sets of weighted evaluation criteria for the Montane/Subalpine 
Workshop.    

Candidate 
Vital Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & Feasibility 
(weight = .15) 

Data Utility & 
Application (weight = 

.15) 
Final 
Score 

Local climate 
patterns 3.50 3.50 1.45 0.99 9.45 
Fire patterns 3.50 3.50 1.15 1.29 9.45 
Detailed 
vegetation 
cover 3.50 3.15 1.13 1.35 9.13 
Plot-scale 
vegetation 
composition 
and structure 3.27 3.09 1.10 1.28 8.73 
Vegetation 
vigor / 
mortality 3.21 2.74 1.03 1.18 8.16 
Regional land 
cover 3.03 2.57 1.30 1.18 8.08 
Invasive 
species 2.98 2.98 0.98 1.13 8.05 
Animal 
populations 
that impact 
vegetation 2.74 2.68 1.08 1.20 7.70 
Insect 
outbreaks and 
occurrence 
patterns 2.63 2.63 1.13 1.14 7.52 
Water quality 2.80 2.28 1.23 1.05 7.35 
Populations of 
species tied to 
major plant 
communities 3.03 2.28 0.93 1.11 7.34 
Air pollution 1.81 2.10 1.23 0.81 5.94 
Recreation 
and impacts 
resulting from 
management 1.34 2.10 1.00 0.79 5.23 
Vertebrate 
population 
dynamics 
(disease-
oriented) 1.40 1.93 1.03 0.81 5.16 
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Table G4.  Results from all participants of montane/subalpine workshop showing the number of 
times a vital sign was picked as the single, most important sign, or as part of the top 3 or top 5 
signs, and total number of times picked in any set (1, 3, or 5).  

Number of times included 

Vital Sign In Top 1 In Top 3 In Top 5 In a Set 
Detailed vegetation cover 3 5 7 15 
Local climate patterns 2 4 5 11 
Plot-scale vegetation composition and 
structure 1 3 4 8 
Regional land cover 1 2 4 7 
Vegetation vigor / mortality 1 2 3 6 
Fire patterns (frequency, extent, 
seasonality, severity and effects)  6 8 14 
Invasive species  1 2 3 
Populations of species tied to major plant 
communities  1 1 2 
Water quality   3 3 
Animal populations that impact vegetation   1 1 
Insect outbreaks and occurrence patterns   1 1 
Air pollution   1 1 
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Table G5.  Summary of comments from participants (by ecosystem) related to ecosystem resistance, exposure to stressors, current 
conditions, vital signs to emphasize, and park-specific information for montane/subalpine workshop. 

Ecosystem 

Inherent 
resistance / 
resilience 

Exposure to 
anthropogenic 

stressors 
Current ecosystem 

condition 
Vital Signs to 

emphasize 
Other factors or 

comments 

Ponderosa 
Pine Forest 

Currently, low to 
moderate with 
changes to 
historical fire 
regime, climate; 
sensitive to 
changes in fire 
regime & climate 

High:  Fire suppression; 
Human activity 
(wildland-urban 
interface); Bark beetle 
link to fire suppression? 
Air pollution? 

Variable (by park); 
poor to good; 
vulnerable to 
uncharacteristically 
severe and large fire 
over much of its 
range 

Fire patterns 
Plot-scale vegetation 
Detailed veg cover 
Vegetation vigor 
Climate 
Invasive species 
Insects 
Regional land cover 

Different situations 
across network (bonsai, 
lava flows, doghair 
stands); focus on 
monitoring old growth; 
landscape context is 
critical (near dense 
forests? etc.) 

Mixed 
Conifer 
Forest 

Moderate/variable 
(previously high; 
now low to mod (to 
high)); high degree 
of natural 
variability in 
structure and 
dynamics 

Moderate (to high): 
Fire suppression 
Human activity 
Elk effects (on aspen) 

Variable (mostly fair 
to poor); increasing in 
unnatural homo-
geneity; lacks post-
fire seral stages; 
difficult to reintroduce 
fire   

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
Vegetation vigor 
Insects 
Climate 
Animal populations 

Parks (GC, Bandelier, 
Mesa Verde, Navajo); 
mostly small part of 
NPS unit; landscape 
context is critical 
(borders USFS lands); 
system in need of most 
research 

Spruce-Fir 
Forest 

Moderate to high 
resistance; low 
resilience or slow 
to recover and 
uncertain with 
climate change; 
less impact of fire 
suppression b/c of 
low fire return 
intervals 

Mostly low (to mod): 
Less impact of fire 
suppression, but 
vulnerable to global 
warming b/c of small 
extent  
Elk, invasive species, 
insects 
Pollution in future? 

Mostly in good 
condition (better than 
most) at stand and 
landscape levels; 
contains low % of 
early seral, but this 
may be within historic 
range of variability  

Detailed veg cover 
Climate 
Vegetation vigor 
Fire patterns 
Plot-scale vegetation 
Animal populations 

Limited extent in NPS 
units:  present in Grand 
Canyon (North Rim), 
Bandelier (on 
boundary), and Navajo 
(relict); b/c of limited 
extent, potential for loss 
within these units due to 
natural/human 
disturbances (fire, global 
warming).   
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Ecosystem 

Inherent 
resistance / 
resilience 

Exposure to 
anthropogenic 

stressors 
Current ecosystem 

condition 
Vital Signs to 

emphasize 
Other factors or 

comments 

Montane 
Shrubland 

Generally high (b/c 
of resprouting 
abilities) 

Mostly low (to 
moderate): 
Fire (some in 
wildland/urban 
interface);  
invasive species 

Generally in good 
condition (better than 
most) 
 
(fire regime out of 
whack?) 

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
(shrubland may be 
increasing at expense of 
other veg types; watch 
for PJ/shrubland 
transitions) 

At Mesa Verde 

Montane 
Grassland 

Variable responses 
(low to high); 
subtle shifts in 
climate or fire 
regime may 
contribute to tree 
invasion 

Moderate to high: 
 
Fire suppression 

Variable (poor to 
good) 
 
In decline because of 
tree invasion 

Detailed veg cover 
Plot-scale vegetation 
Fire patterns 
Climate 
Invasive species 
 

At Grand Canyon (North 
Rim) 

Sou
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Terrestrial Dryland Ecosystems 
Date:  February 18-19, 2004 
Location:  Sevilleta LTER Research Station 

 
Participants:       Organizers/Participants:
Dr. Jayne Belnap, USGS  Dr. Mark Miller, USGS/BRD 
Dr. David Breshears, Los Alamos  Lisa Thomas, NPS/SCPN 
 National Laboratory   
Dr. Neil Cobb, Merriam-Powell Center  Data Managers/Notetakers: 
 for Environmental Research Nicole Tancreto NPS/SCPN 
Dr. Lisa Floyd-Hanna, Prescott College    Julie Atkins, NAU/SCPN 
Dr. Marion Reid, NatureServe   
Brian Jacobs, NPS/Bandelier NM 
George San Miguel, NPS/Mesa Verde NP 
John Spence, NPS/Glen Canyon NRA  
 
Background 
A group of science experts, NPS resource managers, and I&M network staff, met for a 2-day workshop to 
develop a prioritized list of candidate vital signs to be used to monitor terrestrial dryland ecosystems in 
the SCP network.  The workshop was held concurrently with a workshop on montane ecosystems.  The 
two groups first met together to discuss workshop objectives and common resources and management 
issues related to parks in the network, then met in separate groups to generate a prioritized listing of vital 
signs, and finally met together again to compare and discuss the results from each workshop. 
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The dryland ecosystems group considered: 1) pinyon-juniper woodlands, 2) shrublands and 
grasslands/steppe with significant natural fire, 3) shrublands and grasslands with insignificant natural fire 
(e.g. blackbrush, saltbrush & greasewood shrublands), and 4) sparsely vegetated canyon & tableland, 
badlands, dunes, volcanic rock and cinder lands.  The workshop included discussion of upland soil 
stability and hydrologic function, biotic integrity of the predominant plant communities, ecosystem drivers, 
disturbance regimes, and the effects of anthropogenic stressors.  
 
Workshop Summary  
Evaluating Candidate Vital Signs 
Following an overview of the NPS I&M program and SCP network, Mark Miller presented a summary of 
the literature review and ecosystem conceptual models he developed for SCPN/NCPN Dryland 
Ecosystems.  There was some discussion of the utility of state and transition models and the potential for 
monitoring threshold conditions as a means of providing early warning of irreversible system change.    
 
After the individual nomination process, the first round of discussion reduced the list to 28 candidate vital 
signs.  Further discussion and refinement resulted in a list of 24 candidates (Table G6). 
 
We used the workgroup’s mean scores for each candidate vital sign in a two-step evaluation process.  In 
the first step, we used the criteria for ecological and management significance to identify the most 
important vital signs (Table G7).  The proposed vital signs with the lowest mean scores for these criteria 
were eliminated from further consideration. 
 
In the second step, we used the scores from all four criteria areas (ecological significance, management 
significance, feasibility and cost of implementation, and data utility and application) to evaluate the 
candidate vital signs (Table G8).  Participants were also asked to select the single most important vital 
sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table G9).   
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Discussion Summary  
The intent of this discussion was to explore which dryland ecosystems should receive the greatest and 
least monitoring emphasis, and why?  We also wanted feedback on which vital signs are important across 
all dryland ecosystems and which should be emphasized within particular systems.   We proposed using 
ecosystem susceptibility to degradational processes as an approach to the discussion, and identified 
three factors that affect susceptibility; 1) inherent ecosystem characteristics that determine ecosystem 
resistance and resilience to natural disturbances and stressors, 2) ecosystem exposure to anthropogenic 
stressors that drive degradational processes, and 3) ecosystem condition – the functional status of 
ecological processes required to sustain the ecosystem.   
 
Marion Reid gave an overview of the NatureServe effort to develop a classification of Terrestrial 
Ecological Systems (TES), and its intended purpose.  Prior to the workshop, Mark Miller developed a 
preliminary compilation of the dryland terrestrial ecological systems found in parks of the Northern 
Colorado Plateau Network (NCPN) and Southern Colorado Plateau Network (SCPN).  John Spence 
provided preliminary comments on their occurrence in SCPN parks.  We asked the group to comment on 
the utility of the TES classification as a framework for considering monitoring emphasis.   
 
Rather than discussing which ecosystems and vital signs should be emphasized, the discussion instead 
moved toward considering whether monitoring efforts should be primarily directed toward the least 
disturbed sites in order to capture the range of natural variability, or whether monitoring should also 
include a range of moderately and highly disturbed sites to describe the structural and functional 
attributes of degradational processes.  Jayne Belnap advocated for focusing NPS monitoring efforts on 
relatively undisturbed sites, arguing that baseline information describing the range of natural variability 
was essential for interpreting change.  She provided as an example, a 14-year effort at Canyonlands that 
emphasized undisturbed sites.  When management issues involving potential degradation arose, USGS 
and NPS were able to successfully compete for funding to compare disturbed and disturbed sites.  Dave 
Breshears presented an alternative view, suggesting that for many aspects of ecosystem function, we 
have a poor understanding of rates of change.  He proposed using pair-wise comparisons as a means of 
evaluating the relative differences between degraded and undisturbed sites.   Understanding the relative 
differences in rates is often more important than getting the numbers exactly right at one place.  He 
relayed an example from Bandelier, where erosion rates at some sites were 100 X those at relatively 
undisturbed sites, but could be returned to near-normal levels with restoration treatments.  From an 
adaptive-management standpoint, this paired approach is particularly compelling.  After further discussion 
the group arrived at a consensus recommendation that reflects a compromise of these positions.  The 
group proposed that landscape-level and relatively inexpensive monitoring elements be implemented 
across a range of disturbance conditions.  Implicit in this recommendation was the idea that efficient 
metrics for vital signs that are essential to understanding degradational processes (e.g. soil stability) 
would be developed.   More expensive and intensive plot-based monitoring would primarily be directed 
toward relatively undisturbed sites.   
 
Following the disturbed-vs.-undisturbed discussion, very little time remained to consider the original 
question concerning monitoring emphases among ecosystem types and vital signs.  Although no 
consensus was reached concerning the utility of the TES classification for this purpose, there was some 
discussion and agreement by several participants that a functional approach to ecosystem classification 
would be most useful (i.e., as opposed to a taxonomic approach).  Definition and use of a functionally-
oriented classification scheme would depend on the ecosystem function(s) of interest.  Several 
researchers have proposed that the most important functions in dryland ecosystems are those that 
control the retention of water and nutrient resources because productivity and diversity cannot be 
sustained in systems that fail to retain resources (see Miller’s literature review).  A classification scheme 
oriented towards these functions would include two components – substrate characteristics (particularly 
erodibility) and vegetation structure (physiognomy).   
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Table G6.  List of 24 candidate vital signs nominated by the dryland workshop participants.    
Category  Candidate Vital Sign  
Weather and Climate  Weather and climate  
Landscape Pattern  Landscape pattern  
Landscape Pattern  Surrounding land use  

Landscape Pattern  
Vegetation productivity/phenology (remotely sensed, 
NDVI) 

Disturbance Regime Extreme climatic events 
Disturbance Regime Fire occurrence patterns 
Disturbance Regime Insect / disease outbreak patterns 
Upland Soil, Water & Nutrient 
Dynamics Soil stability 
Upland Soil, Water & Nutrient 
Dynamics Upland hydrologic function 
Upland Soil, Water & Nutrient 
Dynamics Soil moisture  
Upland Soil, Water & Nutrient 
Dynamics Within-site patch connectivity & vertical structure 
Upland Soil, Water & Nutrient 
Dynamics Nutrient cycling  
Biotic Integrity  Phenology of key plants and animals (field-based)  

Biotic Integrity  
Arthropods (as indicators of particular ecosystem 
processes)  

Biotic Integrity  
Biodiversity within vegetation types (multiple taxa 
groups) 

Biotic Integrity  Biological soil crusts 
Biotic Integrity  Population structure of dominant plant species 
Biotic Integrity  Seed bank  
Biotic Integrity  Status of marginalized taxa/species distribution  
Biotic Integrity  Structure / diversity of vertebrate communities 
Biotic Integrity  Vegetation composition and structure 
Stressors Air pollution  
Stressors Invasive exotic plants  
Stressors Visitor use patterns  

 
  
Candidate Vital Sign Descriptions 
Weather and climate:  Precipitation, temperature and wind patterns were identified as important drivers of 
ecosystem dynamics.   Because of the significance of extreme climatic events as disturbances affecting 
ecosystem structure and function, climatic monitoring overlaps with disturbance monitoring.   
 
Landscape pattern:  Includes 1) landscape structure -- the extent, patch size, spatial configuration and 
connectivity of vegetation types, 2) landscape composition -- the distribution, richness, and proportion 
of vegetation types, and 3) landscape function -- effects of disturbance processes on structure and 
composition.   Remotely sensed data would be used to evaluate changes in landscape pattern pertaining 
to vegetation (e.g. forest stand structure, site condition) and changes in disturbance regimes (e.g. fire, 
extreme climatic events).    
 
Surrounding land use:  Changes in adjacent land use directly influence park ecosystems in many ways 
such as habitat loss, fragmentation, disruption of wildlife corridors, invasion of exotic species and altered 
hydrologic regimes.  This sign includes assessing trends in adjacent land management practices, 
urban/rural development, point-source pollution, water diversions, road density, etc., and overlaps with 
landscape structure in assessing trends in fragmentation & connectivity.   
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Vegetation productivity/phenology:  The Normalized Difference Vegetation Index (NDVI) measures plant 
growth (vigor), vegetation cover and biomass production from multispectral satellite maps.  Changes in 
climate (including temperature, timing and amount of precipitation, growing season shifts), as well as 
factors such as ground-level ozone, increased atmospheric deposition of nitrogen, and increased levels of 
carbon dioxide, might cause or contribute to changes in plant growth.    
 
Extreme Climate Events:  Includes monitoring the occurrence and extent, and documenting widespread 
effects of extreme climatic events such as drought.   
 
Fire occurrence patterns:  Describes the location, frequency, extent, seasonality and severity of fires 
(spatial and temporal patterns).  This includes monitoring the effects of fire or lack of fire in light of current 
and historical forest ecosystem dynamics.  Monitoring fire occurrence patterns would rely primarily on 
remotely sensed data.  
 
Insect/disease outbreaks:  Bark beetles and defoliating insects are continuously present in southwestern 
forests.  Outbreaks occur occasionally in stressed stands, resulting in high mortality of trees, and shifts in 
stand structure/composition.   
 
Soil stability: The capacity of a site to limit redistribution and loss of soil resources (including nutrients and 
organic matter) by wind and water (Pellant et al. 2000).  Accelerated soil erosion in uplands is a 
predictable response to many stressors, including altered fire regimes and overgrazing by livestock on 
adjacent lands.  Measurements might include plant cover, litter/rock cover, P/A of erosion features, cover 
and development of biological soil crusts.  
 
Upland hydrologic function: Hydrologic function is defined as the capacity of a site to capture, store, and 
safely release water from rainfall, run-on, and snowmelt, to resist a reduction in this capacity, and to 
recover this capacity following degradation (Pellant et al. 2000).   
 
Soil moisture:  In semiarid landscapes such as the Colorado Plateau, the composition and structure of 
plant communities depends largely on the amount and spatial distribution of soil moisture (Breashears 
and Barnes 1999).   Measuring soil moisture will provide a critical link between monitoring 
weather/climate and monitoring vegetation composition and structure.    
 
Within-site patch connectivity and vertical structure:   Many of the ecosystem transitions that have 
recently been observed within SCPN parks (e.g. greater frequency/extent of catastrophic fire, decreased 
surface fire, increased rates of soil erosion) are partially the result of changes in patch structure and patch 
connectivity.   These attributes affect the probability of crown fire spread, surface fire spread, water 
erosion and wind erosion.  Detecting changes in patch connectivity and vertical structure may provide 
early warning of ecosystems near a threshold transition.   
 
Nutrient cycling:  Relates to nutrient availability to plants and includes nutrient levels in soils, soil biota 
and decomposition rates.  Soil fertility and nutrient cycling are fundamental to ecosystem functioning.   
 
Phenology of key plants and animals (field-based):  Changes in the seasonal timing of key life history 
events (e.g. leaf-on, flowering, breeding seasons/cycles, maturation of young) may provide early warning 
of climate change.  
 
Arthropods (as indicators of particular ecosystem processes):   Arthropods are the most diverse taxa on 
earth and represent almost the full spectrum of ecological roles.  Arthropods are key links between plants 
and many vertebrates.  Might include composition and abundance of ground-dwelling and/or foliage 
arthropods.   
 
Biodiversity within vegetation types (multiple taxa groups):  Maintaining biodiversity is central to the NPS 
mission.  Estimating species richness and diversity for multiple taxonomic groups across predominant 
vegetation types would contribute to evaluating the biotic integrity of park ecosystems.    
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Biological soil crusts:   Biological soil crust communities may be considered as a focal community of arid 
upland ecosystems (in other words they are disproportionately important to ecosystem functioning).  
Biological soil crusts stabilize and protect soil surfaces from erosive forces, influence hydrologic 
processes such as water runoff and infiltration, and serve as a source of nitrogen (Belnap and Lange 
2001).     
 
Population structure of dominant plant species:  The dominant plant species within vegetation 
communities provide structure for other plants and wildlife.  Monitoring age structure, reproduction, 
dispersal and establishment may provide mid-term warning of shifts in ecosystem composition/structure.     
 
Seed bank:  Monitoring seed banks would contribute to understanding the potential for future change in 
vegetation composition/structure and determining the vulnerability to threshold responses.   It would 
relate to exotic invasion, adjacent land use changes, and disturbance patterns.   
 
Status of marginalized taxa/species distribution:  Edge-of-range and relict populations, as well as species 
that are sensitive to environmental conditions may serve as indicators of global change or increased 
regional stressors such as air pollution.  Altered population dynamics or plant growth/vigor may provide 
early warning of impending change.  Altered latitudinal/elevational distribution patterns may also serve as 
indicators.   
 
Vegetation composition and structure:  Vegetation communities integrate environmental factors, biotic 
interactions and disturbance regimes.  They are core components of park ecosystems and serve as an 
indicator of ecosystem integrity.  Vegetation provides habitat for wildlife and is also the primary unit upon 
which resource management actions are performed.    
 
Air pollution:  Increases in ozone, deposition of nitrogen, mercury and sulfur, and increased greenhouse 
gases may act as stressors on dryland ecosystems.   
 
Invasive exotic plants:  Exotic plants can alter community structure via competitive effects on native 
species.  The most serious threat to native biodiversity comes from exotic species that significantly alter 
disturbance regimes or soil-resource regimes -- two of the interactive controls of ecosystem sustainability.  
Monitoring of invasive exotics might include plot-based and remotely sensed data.   
 
Visitor use patterns:  Would describe spatial and temporal patterns of park use by visitors.  May be 
important for interpreting changes in ecosystem conditions. 
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Table G7.  Mean scores for ecological and management significance for 24 potential vital signs 
proposed by dryland ecosystems workgroup.   The vital signs that ranked in the lowest 30% are 
shaded to indicate that they were not carried forward to the second phase of evaluation.   

 Candidate Vital Sign 

Ecological 
Significance (Mean 

Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management & 

Ecological 
Significance Scores 

Weather and climate 9.84 9.84 9.84 
Vegetation composition and 
structure 10.00 9.17 9.59 
Extreme climatic events 9.34 9.34 9.34 
Soil moisture 9.67 8.67 9.17 
Fire occurrence patterns 9.17 9.17 9.17 
Invasive plants 9.00 9.34 9.17 
Soil stability 9.34 8.84 9.09 
Upland hydrologic function 9.50 8.50 9.00 
Within-site patch connectivity 
and vertical structure 9.34 8.34 8.84 
Biological soil crusts 9.34 8.00 8.67 
Vegetation 
productivity/phenology  
(remotely sensed, NDVI) 8.84 7.50 8.17 
Landscape pattern 8.50 7.67 8.08 
Biodiversity within vegetation 
types (multiple taxa groups) 7.83 7.50 7.67 
Insect/disease outbreak 
patterns 7.67 7.67 7.67 
Surrounding land use activities 6.50 8.84 7.67 
Nutrient cycling 8.67 6.50 7.58 
Population structure of 
dominant plant species 8.00 7.17 7.58 
Seed bank 7.83 7.17 7.50 
Phenology of key plants and 
animals (plot based) 7.67 6.83 7.25 
Visitor use patterns 5.17 8.00 6.58 
Arthropods 7.67 5.50 6.58 
Air pollution 5.83 7.17 6.50 
Structure/diversity of vertebrate 
communities 6.00 5.67 5.83 
Status of marginalized 
taxa/species distribution 4.50 5.67 5.08 
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Table G8.  Weighted scores for top 17 candidate vital signs proposed by dryland ecosystems 
workgroup.   

Candidate Vital 
Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Weather and 
climate 3.44 3.44 1.35 1.05 9.28 
Vegetation 
composition and 
structure 3.50 3.21 1.30 1.28 9.28 
Soil moisture 3.38 3.03 1.30 1.31 9.03 
Fire occurrence 
patterns 3.21 3.21 1.25 1.29 8.96 
Invasive plants 3.15 3.27 1.13 1.20 8.74 
Soil stability 3.27 3.09 1.10 1.18 8.64 
Extreme climatic 
events 3.27 3.27 1.05 1.05 8.63 
Upland 
hydrologic 
function 3.33 2.98 0.95 1.29 8.55 
Biological soil 
crusts 3.27 2.80 1.20 1.18 8.45 
Within site patch 
connectivity and 
vertical structure 3.27 2.92 0.98 1.24 8.40 
Vegetation 
productivity/phen
ology - remotely 
sensed (NDVI) 3.09 2.63 0.98 1.22 7.91 
Population 
structure of 
dominant plant 
species 2.80 2.51 1.23 1.14 7.68 
Landscape 
structure 2.98 2.68 0.95 1.05 7.66 
Biodiversity 
within vegetation 
types (multiple 
taxa groups) 2.74 2.63 1.20 1.07 7.64 
Surrounding land 
use activities 2.28 3.09 1.03 1.14 7.54 
Insect/disease 
outbreak patterns 2.68 2.68 0.98 1.03 7.37 
Nutrient cycling  3.03 2.28 0.63 0.96 6.90 
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Table G9.  Results of exercise asking participants to choose the top one, three or five vital signs 
to monitor for the dryland workshop.   

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5  In a Set 
Vegetation composition and structure 3 8 9 20 
Weather and climate 3 6 7 16 
Soil moisture 2 6 8 16 
Soil stability 1 5 6 12 
Landscape structure 1 1 3 5 
Biodiversity within vegetation types (multiple 
taxa groups) 1 3 4 
Surrounding land use activities 1 2 3 
Within-site patch connectivity and vertical 
structure 1 2 3 
Upland hydrologic function 1 1 2 
Population structure of dominant plant species 2 2 
Vegetation productivity/phenology - remotely 
sensed (NDVI) 2 2 
Biological soil crusts 1 1 
Nutrient cycling 1 1 
Arthropods 1 1 
Fire occurrence patterns 1 1 
Phenology of key plants and animals (plot 
based) 1 1 
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Riparian and Aquatic Ecosystems 
Date:  March 9-10, 2004 
Location:  San Juan Community College, Farmington, New Mexico 
 
Participants:       Organizers/Participants:  
Mark Anderson, NPS/Glen Canyon NRA   Lisa Thomas, NPS/SCPN 
Emma Benenati, NPS/Grand Canyon NP   Colleen Filippone, NPS/IM Region  
Marilyn Colyer, NPS/Mesa Verde NP  
Lynn Cudlip, Bio-Environs, Inc.     Data Managers/Notetakers: 
Bill Hansen, NPS/WRD     Julie Atkins, NAU/SCPN  
Gwen Kittel, NatureServe     Nicole Tancreto, NPS/SCPN 
Jennifer Lavris, NPS/Canyon de Chelly NM  Kate Watters, NAU/SCPN 
Barry Long, NPS/WRD      
Steve Monroe, USGS/WRD  
George San Miguel, NPS/Mesa Verde NP  
Jack Schmidt, Utah State University   
Mike Scott, USGS/BRD 
John Spence, NPS/Glen Canyon NRA  
Brad Shattuck, NPS/Chaco Culture NHP  
Pat Thompson, NPS/Petrified Forest NP  
Kirby Wynn, USGS/WRD   
 
Background  
A two-day riparian workshop was held to develop a prioritized list of candidate vital signs relating to 
riparian ecosystems.  The workshop was attended by experts from NPS, cooperating agencies, private 
organizations, the academic community and park representatives.  The workshop was held concurrently 
with a workshop on landscape pattern and land use change.   
 
For discussion purposes, the participants divided in two groups: 1) water quality and aquatic biotic 
integrity, and 2) hydrology, geomorphology and biotic integrity of riparian areas and wetlands.       
 
Workshop Scope  
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
This workshop was focused on perennial, intermittent and ephemeral streams and riparian corridors.  It 
included discussion of stream flow regimes and hydrologic function, groundwater, water quality, biotic 
integrity, disturbance regimes and the effects of anthropogenic stressors.  This workshop did not include 
discussion of the Colorado River and associated issues.  Although the Colorado River is a significant 
resource for Grand Canyon NP and Glen Canyon NRA, both parks agree that SCPN monitoring efforts 
should be directed toward other park resources.   Springs and associated wetlands have been identified 
as important resources of SCPN parks and will be the subject of another vital signs discussion.   
 
Workshop Summary 
Evaluating Candidate Vital Signs  
Following an overview of the NPS I&M program and SCP network, and an overview of the Colorado 
Plateau by John Spence, Kirby Wynn presented an update on the USGS/WRD efforts to synthesize and 
summarize existing water quality data.  This was followed by a presentation by Mike Scott, USGS/BRD, 
on developing conceptual models for Colorado Plateau stream ecosystems.  After lunch, the participants 
divided in two groups (1) water quality and aquatic biotic integrity, and (2) hydrology, geomorphology and 
biotic integrity of riparian areas and wetlands to nominate vital signs for consideration.  Following 
individual work to generate potential vital signs, each workgroup held a discussion to merge similar ideas, 
clarify the intent of particular vital signs and refine the list.  Following the first day’s work, SCPN staff 
merged the products from the two groups into one list in preparation for the participants to evaluate vital 
signs the next day.  Groups 1 and 2 generated sixteen and twelve candidate vital signs, respectively, 
resulting in a combined list of 22 candidate vital signs (Table G10).   
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We used the workgroup’s mean scores for each candidate vital sign in a two-step evaluation process.  In 
the first step, we used the criteria for ecological and management significance to identify the most 
important vital signs (Table G11).   
 
In the second step, we used the scores from all four criteria areas (ecological significance, management 
significance, feasibility and cost of implementation, and data utility and application) to evaluate the 
candidate vital signs (Table G12).  Participants were also asked to select the single most important vital 
sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table G13).  We also 
calculated the scores from all four criteria areas for each of the sub-groups for comparison (Table G14). 
 
Summary of Water Quality and Aquatic Biotic Integrity Discussion  
Water quality monitoring relating to stressors.  The workgroup developed a table of recommended water 
quality parameters for monitoring the effects of particular stressors that impact SCPN waters (Table G15).   
 
Outstanding National Resource Waters.  The workgroup also discussed the need to identify potential 
Outstanding National Resource Waters (ONRW) for SCPN parks.  (Background: The state of Arizona has 
a Tier III category that they refer to as a ‘unique’ water.  Colorado does not have a list of Tier III waters, 
but instead refers to them as ‘outstanding waters’.  New Mexico is in the process of revising it’s anti-
degradation policy, including a substantial addition regarding establishment procedures for ONRW 
waters.  The state of Utah identifies ‘high quality waters’.)   
 
Summary of Hydrology, Geomorphology and Biotic Integrity of Riparian Areas/Wetlands 
Discussion  
One aspect of the discussion considered what information was essential for NPS to collect (if we don’t do 
it, nobody will), what information could best support management, and what information needs were 
beyond the limits of feasibility for the network.   
 
Spring flow.  There was a consensus among the group that for streams emerging within park boundaries, 
monitoring spring discharge should be a high priority for the network.  Bill Hansen suggested using the 
idea of ‘index springs’ to select a subset of springs for long-term monitoring.   
 
Large regional watersheds vs. small, local watersheds.  Jack Schmidt suggested that we distinguish 
between the larger rivers with regional watersheds extending well beyond the rim (Escalante, Little 
Colorado, Paria, Dirty Devil, San Juan, Kanab), and smaller streams, whose headwaters are largely 
within park lands.  For rivers such as the Escalante, it might be important to know what is going on at the 
channel cross-section scale within the park.  But in order to understand watershed dynamics for such a 
large area, or to potentially influence external decision-making, a watershed-coalition approach involving 
many partners would be required.  While this would be beyond the scope of the program, the network 
might play a role in encouraging multi-agency watershed study.  For some of the smaller streams with 
relatively small, local watersheds, it may be more realistic for the network to consider monitoring 
questions relating to watershed condition.    
 
Administrative Authority.  Bill Hansen added that we should also consider whether or not NPS has 
administrative authority to control the river in question (e.g. NPS has administrative control over Chaco 
Wash (CHCU) and Walnut Creek (WACA); NPS does not have administrative control over the Little 
Colorado River (LCR) at WUPA and there are disputes regarding authority over the LCR within GRCA).   
 
Groundwater Issues.   The group discussed the prevalence of issues relating to regional aquifers and 
potential threats to water resources from groundwater extraction.  Bill Hansen brought up the funding 
reality that regional groundwater flow models typically cost millions and millions of dollars and would be 
beyond what is feasible for the network.    
 
Role of conceptual models.  Jack Schmidt presented a simple riparian model to support consideration of 
monitoring needs (Figure G1).   He suggested that if the network could only monitor one thing, the focus 
should be on riparian vegetation.   The second tier for consideration should include stream channel form, 
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site land use, stream flow and groundwater levels.   He suggested that the relationships between 
watershed condition and riparian response were complex and difficult to interpret, and consequently 
recommended that attributes related to watershed condition should only be considered if a more 
comprehensive effort could be initiated.  Mike Scott concurred, proposing an integrated monitoring 
approach in which permanent cross-sections were combined with stream flow data and vegetation 
transects.  By monitoring these attributes in concert, it may be possible to develop a stronger 
understanding of the cause and effect relationships underlying riparian dynamics.   
 

WATERSHED  CHARACTERISTICS
– Lithology of rocks
– Tectonics
– Climate
– Vegetation
– Water production from hill slopes
– Sediment production from hill slopes
– Drainage network

WATER
– Amount
– Timing

SEDIMENT
– Amount
– Size

STREAM CHANNEL 
AND FLOODPLAIN 

FORM
NATIVE 

RIPARIAN 
VEGETATION

– Cross-section

– Bed material

– Planform

– Slope

site land use

exotics

GROUND WATER

 
Figure G1.  Conceptual model of the determinants of channel flow and riparian vegetation 
(proposed by Jack Schmidt). 
 
Gwen Kittel brought up the importance of developing site-specific models to describe groundwater flow 
dynamics and the interaction of ground and surface water.  These models would be most important for 
springs that form the headwaters and/or base flow for streams and creeks.   
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Table G10.  List of 22 candidate vital signs nominated by the riparian workshop participants.   
Nominated By Group: 

Category Candidate Vital Signs 
1) Water 
Quality 

2) Hydrology 
-Geomorph. 

Hydrology/Geomorphology 
Channel morphology (includes cross 
section, bed material, planform and slope)   

X 

Hydrology/Geomorphology 

Depth to groundwater (includes depth to 
water in existing wells, depth to 
groundwater in alluvial aquifers ) 

X X 

Hydrology/Geomorphology 
Stream flow (continuous includes spring 
discharge) X X 

Hydrology/Geomorphology 
Surface-groundwater interactions 
(flow/chemistry) X X 

Water Chemistry  

Contaminants (synthetic organics, 
metals, pesticides, other toxics)-with park-
specific elements 

X 
  

Water Chemistry  Nutrients X   
Water Chemistry  Organic carbon (TOC, DOC) X   

Water Chemistry  

Wide-scope water quality suite - 
includes core parameters, major ions, 
trace elements, turbidity & flow (with park-
specific elements) 

X 

  

Water Chemistry, Biotic 
Integrity   Stable isotopes  

X 
  

Biotic Integrity -- Aquatic Aquatic species diversity (multiple-taxa) X   

Biotic Integrity -- Aquatic 
Macroinvertebrate and algae community 
structures (including exotics) 

X X 

Biotic Integrity -- Aquatic Microorganisms (E. coli, pathogens, etc) X   
Biotic Integrity -- Aquatic T &E aquatic species X   

Biotic Integrity -- 
Riparian/Wetland  Herps (including exotics)   

X 

Biotic Integrity -- 
Riparian/Wetland  

Riparian vegetation - 
composition/structure (exotics included)   

X 

Climate and Weather  Climate X X 

Disturbance Regime Fire-related water quality effects  X   
Landscape Pattern  Channel morphology -- landscape scale   X 

Landscape Pattern  
Riparian vegetation - landscape scale 
(composition/structure)   

X 

Landscape Pattern  

Watershed condition (controls water and 
sediment transport from hillslopes and is 
a function of lithology of rocks, tectonics, 
land use, vegetation, climate) 

X X 

Stressors Exotic species (plant and animal)  X   

Stressors 
Site land use (direct modifications to 
channel & floodplain)   

X 

  
 
Candidate Vital Sign Descriptions 
Channel morphology:  Includes channel cross section, bed material, planform and slope.  A number of 
SCPN parks are interested in channel dynamics and channel morphology with concerns regarding 
anthropogenic alterations to channel dynamics.  There is an expressed need to understand the range of 
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natural variability regarding cut and fill cycles in relation to ecosystem function and in relation to the 
preservation of archeological sites in floodplains.   
 
Depth to groundwater:  Includes depth to water in existing wells, depth to groundwater in alluvial aquifers 
and spring flow.    
 
Stream flow (continuous):  Discharge (volume per unit time) measurement.   
 
Surface water-groundwater interactions:  Measure data needed to support development of conceptual 
models describing groundwater – surface water interaction. 
 
Contaminants:  Broadly defined as substances present in greater than natural concentrations as a result 
of human activity that causes deviations from the normal chemical composition of an ecosystem 
(Manahan  1994).  Includes synthetic organics, metals, and pesticides.  Would be targeted to meet park-
specific concerns.  
 
Nutrients:  Measures of nitrogen and phosphorous (ammonia, nitrite, nitrate, phosphorous, 
orthophosphate).  Nutrient loading as a consequence of anthropogenic activities (agricultural and grazing 
runoff, sewage treatment effluent, etc.) may result in eutrophic conditions.  
 
Organic carbon:  Measures of dissolved and suspended organic carbon contribute to an understanding of 
within-stream energetics and the transfer of carbon from terrestrial to aquatic systems.   
 
Wide-scope water quality suite:  This would include the NPS/WRD core parameters of temperature, 
specific conductance, pH, dissolved oxygen and flow (instantaneous).  The suite would also include 
turbidity, major ions and selected trace elements.  
 
Stable isotopes:  Used to investigate water sources, groundwater flow paths, groundwater residence 
times, and potential sources of contamination (e.g. mining, land pollution).  Stable isotopes are also 
useful for determining aquatic food webs, energy flow and links in the food web.  
 
Aquatic species diversity:  Diversity and abundance of aquatic plant and animal populations that may be 
used as an integrative indicator of ecosystem integrity.  
 
Macroinvertebrates and algae community structures:   Macroinvertebrate communities serve as bio-
indicators of overall aquatic integrity.  The states of Arizona and New Mexico are in the process of 
developing regulatory criteria relating to bio-indicators.    
 
Microorganisms:  The group discussed this in terms of naturally-occurring, possibly pathogenic organisms 
such as: cryptosporidium, Giardia lamblia, Legionella, and/or total coliform (including fecal and E. coli).  
These organisms are important from a human health perspective and in relation to water quality 
standards.   
 
T&E aquatic species:  Species identified as ‘threatened’ or ‘endangered’ under the Endangered Species 
Act, primarily four species of fish that occur at GLCA and GRCA.     
 
Herpetofauna:  Amphibians have been documented to be in decline.  Both amphibians and reptiles may 
be sensitive to changes in water quality and responsive to changes in aquatic and riparian habitats.     
 
Riparian vegetation composition and structure:  Riparian vegetation integrates the influences of 
hydrology, geomorphology and disturbance regimes, and also provides habitat for wildlife.  Native riparian 
vegetation is threatened by altered hydrology, grazing impacts and invasion by non-native species.   
 
Weather and climate:  Precipitation, temperature and wind patterns were identified as important drivers of 
ecosystem dynamics.  Due to the significance of extreme climatic events as disturbances affecting 
ecosystem structure and function, climatic monitoring overlaps with disturbance monitoring.   

-G24- 



Southern Colorado Plateau Network Phase Three – Appendix G – Topical Workshop Summaries 

 
Fire-related water quality effects:  Includes monitoring peak flow events, sediment loads and channel 
morphology.  Large wildfires may result in larger peak flows and accelerated rates of sedimentation.   
 
Channel morphology (landscape scale):  Describes the pattern of  morphologic settings at a landscape 
scale.   
 
Riparian vegetation (landscape scale):  Describes riparian vegetation cover patterns at a landscape 
scale.  Includes the extent, composition, structure and distribution of patch types.    
  
Watershed condition:  Controls transport of water, sediment and nutrients within drainages.  Watershed 
condition is a function of soils, rock lithology, tectonics, climate, vegetation and land use.   
 
Exotic species (plant and animal):  Includes monitoring invasive exotic plants in riparian corridors and 
exotic animals (esp. non-native fish) in streams.   
 
Site land use:  Describes anthropogenic alterations to stream channels and floodplains at the scale of a 
stream reach.  Site-specific land use directly affects stream morphology and riparian vegetation.   
 
Table G11.  Mean scores for ecological and management significance for 22 candidate vital signs 
proposed by riparian workshop participants.  The vital signs that ranked in the lowest 20% are shaded 
to indicate that they were not carried forward to the second phase of evaluation.   

Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management and 

Ecological 
Significance 

Stream flow 9.72 9.72 9.72 
Depth to groundwater 8.98 8.98 8.98 
Weather and climate 8.89 8.89 8.89 
Riparian vegetation - 
composition/structure 

9.54 7.87 8.71 

Wide-scope water quality suite 9.17 8.06 8.61 
Watershed condition 8.89 7.69 8.29 
Macroinvertebrate and algae 
community structures 

9.32 6.67 7.99 

Exotic  species 7.69 8.24 7.96 
Riparian vegetation - landscape 
scale 

8.52 6.95 7.73 

Site land use 7.41 7.50 7.46 
Channel morphology 8.24 6.58 7.41 
Contaminants 7.22 7.41 7.32 
Aquatic species diversity 8.52 6.11 7.32 
Herpetofauna 8.24 6.18 7.21 
T&E aquatic species 6.58 7.41 6.99 
Surface water-groundwater 
interactions 

7.41 6.39 6.90 

Channel morphology - landscape 
scale 

7.59 6.20 6.90 

Nutrients 6.76 5.83 6.30 
Microorganisms 4.02 6.57 5.30 
Fire-related water quality effects 4.91 4.45 4.68 
Organic carbon 5.46 3.43 4.45 
Stable isotopes 4.45 3.24 3.84 
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Table G12.  Mean weighted scores for top 18 candidate vital signs proposed by riparian workshop 
participants. 

Candidate Vital 
Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Stream flow 3.40 3.40 1.06 1.39 9.25 
Depth to 
groundwater 3.14 3.14 1.01 1.23 8.53 
Riparian vegetation - 
composition/structure 3.34 2.76 1.15 1.24 8.49 
Wide-scope water 
quality suite 3.21 2.82 1.18 1.21 8.42 
Weather and climate 3.11 3.11 1.07 0.77 8.06 
Macroinvertebrate 
and algae 
community structures 3.26 2.33 1.15 1.16 7.90 
Exotic species 2.69 2.88 1.07 1.13 7.77 
Riparian vegetation - 
landscape scale 2.98 2.43 1.04 1.04 7.50 
Watershed condition 3.11 2.69 0.67 0.95 7.42 
Site land use 2.59 2.63 1.10 1.04 7.36 
Herps 2.88 2.16 0.96 1.04 7.04 
Channel morphology 2.88 2.30 0.89 0.95 7.02 
Contaminants 2.53 2.59 0.92 0.97 7.01 
Aquatic species 
diversity 2.98 2.14 0.88 1.00 7.00 
T&E aquatic species 2.30 2.59 0.92 1.02 6.83 
Channel morphology 
- landscape scale 2.66 2.17 0.92 0.92 6.66 
Nutrients 2.37 2.04 1.15 0.83 6.39 
Surface water-
groundwater 
interactions 2.59 2.24 0.56 0.83 6.22 
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Table G13.  Results of exercise asking participants to choose the top 1, 3 and 5 vital signs to 
monitor for riparian workshop.  

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 
Stream flow 7 11 14 32 
Riparian vegetation - composition/structure 2 6 12 20 
Macroinvertebrate and algae community 
structures 2 6 8 16 
Depth to groundwater 2 5 9 16 
Wide-scope water quality suite 1 5 8 14 
Watershed condition 1 2 4 7 
Riparian vegetation - landscape scale 1 1 3 5 
Channel morphology  3 6 9 
Weather and climate  2 4 6 
Aquatic species diversity  2 3 5 
Exotic species  1 3 4 
Microorganisms  1 2 3 
T&E aquatic species  1 1 2 
Surface water-groundwater interactions  1 1 2 
Contaminants  1  1 
Channel morphology - landscape scale   1 1 
Site land use   1 1 
 
 
Table G14.  Comparison of evaluation scores from two riparian workgroups.   

Hydrology – Geomorphology 
Group 

Final 
Score  Water Quality Group 

Final 
Score

Stream flow 9.23  Wide-scope water quality suite 9.28
Riparian vegetation (landscape 
scale) 8.90  Stream flow 9.27
Depth to groundwater 8.87  Climate 8.40
Riparian vegetation 
composition/structure 8.82  Depth to groundwater 8.19

Exotic species 8.13  
Macroinvertebrate and algae 
communities 8.17

Channel morphology 8.06  
Riparian vegetation 
composition/structure 8.15

Climate 7.73  Contaminants 7.77
Channel morphology (landscape 
scale)  7.71  Aquatic species diversity 7.69
Macroinvertebrate and algae 
communities 7.60  Exotic species 7.41
Wide-scope water quality suite 7.56  Nutrients 7.38
Watershed condition 7.54  Watershed condition 7.29
Site land use 7.54  Site land use 7.17
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Table G15.  Recommended water quality parameters for monitoring the effects of particular stressors. 
  STRESSOR  CATEGORY  

PARAMETER GROUP Recreation Grazing Crops Urbanization Transportation Logging Coal Other 
mining 

Atmospheric 
deposition Fire 303D Natural 

sources 

Algae   x x x x x x x   x     
Carbon, bed sediment             x     x     
Carbon, water             x     x     
Core parameters (incl. 
turbidity) x, turb x, turb x, turb x, turb x , turb x, turb 

x, 
turb x, turb   x, turb x, turb x, turb 

Isotope and 
radiological, water               x, Uran x     x 
Macroinvertebrates   x x x x x x x   x     
Major ions, water       x         x, SO4 x   x 
Microorganisms x x   x             x   
Nutrients, water x             x x x x x x x x x x
Organics, bed sediment x, lake                       
Organics, water x, lake     x   x       PAH     
Pesticides, tissue     x x             x   

Pesticides, water     x x             
x, 

band   
Trace elements, bed 
sediment x, lake             x, Hg     x   
Trace elements, tissue               x, Hg Hg       

Trace elements, water x, lake     x x x x 
x, 

Cyanide Hg 
x, 

Cyanide x  x
Volatile organics, water x, lake       x               
Waste water 
compounds, water x     x                 

Sediment load x x x x x, traction sand x x x   x x x 

Sou
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Landscape Patterns and Land Use Change 
Date:  March 9-10 
Location:  San Juan Community College, Farmington, New Mexico 
 
Participants:      Organizers/Participants:
Sam Drake, AZ Remote Sensing Center, UA  Chris Lauver, NPS/SCPN 
Mark Drummond, USGS    Nicole Tancreto, NPS/SCPN 
Brad Reed, USGS        
Dave Theobald, Colorado State University 
Kathryn Thomas, USGS     Data Managers / Notetakers:  
Allan Loy, NPS/Mesa Verde    Nicole Tancreto, NPS/SCPN 
Mike Medrano, NPS/Petroglyph    Kate Watters, NAU 
Steve Mietz, NPS/Grand Canyon  
 
Background 
A two-day workshop was held to develop a prioritized list of candidate vital signs relating to landscape 
patterns and land use change.  The workshop was attended by experts from NPS, cooperating agencies, 
the academic community, and park representatives.  The workshop was held concurrently with a 
workshop on aquatic and riparian resources.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The landscape group considered a broad approach in assessing the spatial and temporal aspects of the 
natural ecosystems and processes of the southern Colorado Plateau.  We discussed the agents that 
cause patterns (e.g. fire, development, housing, roads, large-scale disturbances), their effects, how best 
to monitor these effects at the landscape level, and which indicators best describe landscape vegetation 
patterns and land use/land cover change.  This included discussions of disturbance regimes, climate 
patterns, and anthropogenic stressors that affect land use, and their consequent effects on ecosystem 
and habitat fragmentation, soil and water regimes, and biotic integrity. 
 
Workshop Summary 
Evaluating Candidate Vital Signs 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, ecological mechanisms related to monitoring change around protected areas, and the vital sign 
selection process, the group (working individually) nominated 28 vital signs.  An additional 5 signs 
(landscape vegetation pattern, detailed vegetation pattern, vegetation condition, regional land cover, and 
fire patterns) were considered by this group because of their relevance.  These additional signs had been 
highly ranked by 2 previous workshops on terrestrial dryland and montane ecosystems.  Thus, the group 
initially had a total of 33 vital signs. These were classified into a framework containing 7 categories, and 
then discussed individually by the group and revised, modified, and combined into a total of 20 signs 
(Table G16).  A brief description of each vital sign follows Table G16. 
 
The average score for each vital sign using just the ecological and management significance criteria are 
shown in Table G17, and the final scores using all 4 areas of criteria are shown in Table G18.  Results of 
vital sign ranking are shown in Table G19.  When these set results were presented and discussed by the 
group, the group discussed modifying some of the key signs.   
 
Vital Sign Ranking (Tables G17 and G18):  Climate, fire, and vital signs relating to vegetation and land 
cover dominated the most highly ranked signs.  The top two signs (climate and fire patterns) can be 
viewed as ecosystem drivers.  Overall, about half of the 20 signs received relatively high scores (i.e., 
above 7).  In comparing Tables G17 and G18, it is interesting to note that the relative ranking of two signs 
(detailed vegetation pattern and invasive plants) dropped when considering data feasibility and 
application issues, suggesting the difficulty of monitoring these signs.  Conversely, the ranking of 
vegetation condition went from 7th place in Table G17 to 5th place in Table G18, suggesting easier 
monitoring of this sign.  The lowest scores were for signs from the “other” category (dark night skies, air 
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quality, cryptobiotic communities), a vegetation sign (lifeform heterogeneity), and the soil stability sign.  
The highest scoring stressor was invasive plants.  Signs scoring in the mid-range included focal species 
habitat connectivity, water features and hydrologic flow modifications, visitor/recreational use, natural 
disturbances other than fire, and point and non-point sources of water pollutants.   
 
Vital Sign Sets (Table G19):  Vegetation pattern and condition and regional land cover were the signs 
most often selected as part of a set by the participants.  These results are similar to the ranking results 
described above.  Contrary to the ranking process, participants were not constrained in picking these 
sets, and thus the set results can be viewed as a check of the ranking process.  Detailed vegetation 
pattern was the vital sign selected the most often as the single, most important sign to monitor, but 
vegetation condition was the sign picked most often to be part of any set.  Other signs selected frequently 
included landscape vegetation pattern, regional land cover, land use and management designation, and 
visitor/recreational use.  Climate and fire patterns were selected often, but not as often as one may have 
predicted based on their high rankings shown in Tables G17 and G18.  Conversely, three signs (land use 
and management designation, visitor/recreational use, and soil stability) were selected more frequently 
than might have been predicted from their rankings in Tables G17 and G18.  Other signs receiving votes 
for inclusion in a set were: water features and hydrologic flow modification, invasive plants, focal species 
habitat connectivity, natural disturbances other than fire, and human populations and demographics.  
 
Discussion 
Vital Sign Results 
There was considerable discussion following the presentation of the results of the vital sign rankings and 
selection of sets.  The group generally felt the results accurately portrayed their priorities, but also 
strongly suggested the need for better definition and clarification of the high-ranking vital signs pertaining 
to vegetation, land cover, and land use.  Partly because of this need and partly because of the inherent 
overlap between the perceived definitions of land cover and land use, the group suggested combining the 
landscape vegetation pattern sign with the regional land cover sign, and combining land use and 
management designation with the visitor/recreational use and accessibility pattern sign.  Collectively, 
then, these 4 signs were perceived by the group as the most important landscape vital signs.  Further 
group discussion highlighted and emphasized the importance of two other signs: focal species habitat 
connectivity and vegetation condition.     
 
Vital Sign Data Sources, Potential Measures, Monitoring Questions, etc. 
Following discussion of the vital sign results, a group discussion was held on which data are best suited 
to monitor key vital signs, the desired scales, and potential measures.  These collective comments are 
presented in Table G20.  Finally, a group discussion was held to determine some potential monitoring 
questions for several of the highly ranked signs.  Approaches to detecting change, key challenges, and 
potential collaborations in monitoring these candidate vital signs were also discussed (Table G21). 
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Table G16.  List of 15 candidate vital signs nominated by the landscape group, plus 5 signs 
forwarded to this group from previous workshops. 
Category Candidate Vital Sign 
Vegetation Landscape vegetation pattern (mesoscale) 
Vegetation Detailed vegetation pattern 
Vegetation Vegetation condition (productivity/phenology) 

Vegetation Lifeform heterogeneity (continuous fields of vegetation) 
Land use / Land cover Regional land cover (includes some land use) 

Land use / Land cover Land use and management designation (non-cover related) 

Land use / Land cover 
Visitor/recreational use and accessibility patterns (in park and 
on adjacent lands) 

Land use / Land cover Focal species habitat connectivity 
Human Demography / Stressors Human populations and demographics (multiscale) 
Human Demography / Stressors Invasive exotics (plants) 
Human Demography / Stressors Point and non-point sources of water pollutants 
Upland Soil / Water Function Soil stability (including surficial geology) 

Stream / Wetland Hydrologic / 
Geomorphologic Function Aquifer budgets 

Stream / Wetland Hydrologic / 
Geomorphologic Function Water features and hydrologic flow modifications 

Disturbance (fire, extreme climate 
events) Fire patterns 

Disturbance (fire, extreme climate 
events) Natural disturbances other than fire  
Other Cryptobiotic communities 
Other Climate 
Other Air quality 
Other Dark night skies 

 
 
Candidate Vital Sign Descriptions 
Landscape vegetation pattern:  Describes landscape structure (i.e., the extent, patch size, spatial 
configuration, and connectivity of vegetation types) and landscape composition (the distribution, richness, 
and proportion of vegetation types).  Remotely sensed data would be used to evaluate changes in 
landscape pattern pertaining to vegetation (e.g. forest stand structure) and changes in disturbance 
regimes (including fire and extreme climatic events).    
 
Detailed vegetation pattern:  Describes vegetation cover patterns at a high spatial resolution with low to 
intermediate repeatability (e.g. detailed vegetation maps updated every 10-15 years).  Includes an 
emphasis on monitoring ecotones (e.g. tree invasion into grasslands), rare habitats (mostly small 
patches), and landscape/vegetation structure (e.g. patterns of vegetation heterogeneity).  
 
Vegetation condition:  Characterizes several states of vegetation, including productivity, phenology 
(tracking vegetation status through time), and vigor (or greenness).  Includes identifying vegetation under 
stress from climate (drought), pests, and human influences, and areas with high vegetation mortality.  
Data are largely based on the remotely sensed NDVI index. 

-G31- 



Southern Colorado Plateau Network Phase Three – Appendix G – Topical Workshop Summaries 

 
Lifeform heterogeneity:  Spatial data set derived from remotely sensed imagery that describes vegetation 
in terms of continuous fields of proportional lifeforms (i.e., % woody vegetation, % herbaceous, % bare 
ground, etc.).  Monitoring the changes in these proportions over time may function as an early indicator of 
vegetation response to various stressors. 
 
Regional land cover:  Describes land cover and some land use patterns at a relatively coarse spatial 
scale with high repeatability (e.g. annually).  Requires use of remotely sensed data.  Characterizes 
changes in landscape context (e.g. habitat fragmentation and connectivity) and adjoining land use 
patterns for areas surrounding NPS park units. 
 
Land use and management designation:  A map of park units and their surrounding land that describes 
management zones (e.g. permitted/allowable land uses) or areas under general or specific management 
designations (e.g. recreational, grazing, logging, conservation/preservation, agricultural, urban/suburban, 
etc.).  Management designations for a given area are not necessarily related to the actual land cover of 
the area.   Relies on acquiring relevant spatial data sets on allowable land uses from federal, state, and 
local agencies and tribes and other organizations. 
 
Visitor/recreational use and accessibility patterns:  Describes the location, extent, and type of 
disturbance; trends in impacts from concentrated and dispersed recreation; and patterns on the 
ease/difficulty in accessing various locations in park units.  Monitoring may include tracking changes in 
ground cover and altered vegetation structure and composition, and tracking roads/trails/fencing and 
other features that influence accessibility. 
 
Focal species habitat connectivity:  Describes the degree (index) of connectivity of habitats for key, 
generally wide-ranging species (i.e., species that have high management significance and/or those that 
may serve as indicators of ecosystem condition).  The focus is generally on terrestrial and aquatic animal 
species, but may include analysis of plants (e.g. habitat vectors of exotic plants).  The extent of the data 
sets is species-specific, and likely includes significant buffer areas surrounding park units (and potentially 
network and inter-network wide).   
 
Human populations and demographics:  Describes status and trends in population density (using census 
data) and related factors (e.g. housing density).  Monitoring population growth trends can help determine 
areas vulnerable to effects of human settlements, including impacts resulting from extractive uses 
occurring adjacent to parks and impacts to wildlife corridors, critical habitats, and other significant natural 
resources.   
 
Invasive exotics (plants):  Describes the location, extent, and trends of invasive plant species that have 
the capacity to alter important ecosystem processes (e.g. fire regimes) and ecosystem structure.  
Examples include cheatgrass and tamarisk contributing to more frequent or more severe fires that are 
outside of historical range of variability.  Does not include species such as Kentucky bluegrass which has 
become “naturalized” and may have little (system-wide) impact. 
 
Point and non-point sources of water pollutants:  Describes the location, characteristics, and type of 
sources (both point or discrete conveyances and non-point or diffuse sources) of various water pollutants.    
 
Soil stability (including surficial geology):  Describes the capacity of a site to limit redistribution and loss of 
soil resources (including nutrients and organic matter) by wind and water (Pellant et al. 2000).  This 
includes describing the soil type/substrate type, its stability, the erosional forces acting upon it, and any 
erosion/sedimentation that has occurred.  Accelerated soil erosion in uplands is a predictable response to 
many stressors, including altered fire regimes and overgrazing by livestock on adjacent lands.  
Measurements might include plant cover, litter/rock cover, presence/absence of erosional features, and 
cover and development of biological soil crusts. 
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Aquifer budgets:  Tracks the water tables of local aquifers that occur in and encompass park units.  
Monitoring these levels is important because of their potential relationships in determining erosion rates, 
dune formation and movement, and presence and vigor of phreatophytic species in riparian areas.  
 
Water features and hydrologic flow modifications:  Describes the location and type of water resources, 
and the location and types of developments (e.g. dams, channel diversions, etc.) that modify hydrologic 
flows. 
 
Fire patterns:  Describes the location, frequency, extent, seasonality, and severity of fire (tracks the 
spatial and temporal patterns of fire and fire severity patterns).  This includes monitoring the effects of fire 
(with respect to historical range of variability) or lack of fire in light of current and historical forest 
ecosystem dynamics (e.g. identify uncharacteristic features of current fire regimes, identify areas with 
high fire vulnerability).  Related to climate and vegetation signs described above.  (This sign is equivalent 
to the Fire occurrence patterns vital sign, from the Terrestrial Arid/Semi-arid ecosystems workshop). 
 
Natural disturbances other than fire:  Describes the type, location, frequency, extent, and severity of 
natural disturbances such as insect outbreaks and extreme drought.  This includes monitoring the effects 
of these disturbances (with respect to historical range of variability) on vegetation (primarily), and may 
include monitoring impacts on other conditions including soil stability, water quantity and quality, 
watershed condition, etc. 
 
Cryptobiotic communities:  Includes soil biotic crusts, lichens, nitrogen-fixing rhizobia, and mycorrhizal 
associations.  Describes the type, distribution, and functioning of these biotic communities at the 
landscape level.  Biological soil crusts stabilize and protect soil surfaces from erosive forces, influence 
hydrologic processes such as water runoff and infiltration, and serve as a source of nitrogen (Belnap and 
Lange 2001). 
 
Climate:  Characterizes precipitation and temperature patterns at landscape/regional scales.  Use to 
compare to historical range of variability and look for “unusual” drought intensity/duration or hot/cold 
periods.  Winter precipitation is particularly important with respect to soil moisture conditions and 
vegetation establishment, survival, and vulnerability to fire.  
 
Air quality:  Describes the location, extent, status and trends in air quality.  Poor air quality affects natural 
and cultural resources through impaired visibility and threats to biotic health.  Monitoring may include 
tracking tissue damage in major plant species (e.g. forest trees). 
 
Dark night skies:  Describes the light conditions of evening skies.  Dark night skies within park units are a 
diminishing resource due to internal and external anthropogenic activities.     
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Table G17.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages for a landscape group. 

 Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management & 

Ecological 
Significance Scores 

Climate 9.45 9.45 9.45 

Fire patterns 9.45 9.45 9.45 

Detailed vegetation pattern 8.71 7.78 8.24 
Landscape vegetation pattern 
(mesoscale) 8.34 8.15 8.24 
Regional land cover (includes 
some land use) 8.34 7.78 8.06 

Invasive exotics (plants) 7.41 8.52 7.96 
Vegetation condition 
(productivity/phenology) 8.15 7.59 7.87 

Focal species habitat connectivity 7.78 6.85 7.32 
Water features and hydrologic 
flow modifications 7.59 7.04 7.32 
Visitor/recreational use and 
accessibility patterns 5.93 8.52 7.22 
Natural disturbances other than 
fire  7.78 6.48 7.13 
Point and non-point sources of 
water pollutants 6.48 7.41 6.95 
Land use and management 
designation (non-cover related) 6.11 6.67 6.39 
Human populations and 
demographics (multiscale) 5.93 5.93 5.93 

Aquifer budgets 5.74 5.19 5.46 

Air quality 5.00 5.74 5.37 

Cryptobiotic communities 6.30 4.26 5.28 
Soil stability (with surficial 
geology) 5.19 4.63 4.91 
Lifeform heterogeneity 
(continuous fields of vegetation) 4.63 4.45 4.54 

Dark night skies 3.33 4.45 3.89 
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Table G18.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by 
the additive scores from four sets of weighted evaluation criteria for landscape group.    

Candidate Vital Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility 
& 

Application 
(weight = 

.15) 
Final 
Score 

Fire patterns 3.31 3.31 1.28 1.29 9.18 

Climate 3.31 3.31 1.25 0.79 8.65 

Landscape vegetation 
pattern (mesoscale) 2.92 2.85 1.44 1.19 8.40 
Regional land cover 
(includes some land 
use) 2.92 2.72 1.39 1.15 8.18 

Vegetation condition 
(productivity/phenology) 2.85 2.66 1.39 1.13 8.02 

Detailed vegetation 
pattern 3.05 2.72 1.08 1.17 8.02 

Focal species habitat 
connectivity 2.72 2.40 1.17 1.04 7.33 
Water features and 
hydrologic flow 
modifications 2.66 2.46 1.11 1.06 7.30 

Invasive exotics (plants) 2.59 2.98 0.72 0.96 7.26 

Natural disturbances 
other than fire  2.72 2.27 0.86 1.06 6.92 
Visitor/recreational use 
and accessibility 
patterns 2.07 2.98 0.86 0.92 6.83 
Point and non-point 
sources of water 
pollutants 2.27 2.59 0.89 0.96 6.71 
Land use and 
management 
designation (non-cover 
related) 2.14 2.33 1.25 0.81 6.54 
Human populations and 
demographics 
(multiscale) 2.07 2.07 1.28 0.69 6.11 
Air quality 1.75 2.01 1.14 0.81 5.71 

Aquifer budgets 2.01 1.82 0.64 0.90 5.36 

Cryptobiotic 
communities 2.20 1.49 0.72 0.79 5.21 
Lifeform heterogeneity 
(continuous fields of 
vegetation) 1.62 1.56 1.08 0.79 5.05 
Soil stability (with 
surficial geology) 1.82 1.62 0.69 0.83 4.96 
Dark night skies 1.17 1.56 1.14 0.81 4.67 

* The scored criteria from each set were initially scaled to 10, and then the following weightings were 
applied: for ecological and management significance, 35% each (maximum score = 3.5); for feasibility 
and cost of implementation, and data utility and application, 15% each (maximum score = 1.5). 
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Table G19.  Results from all participants of landscape workshop showing the number of times a 
vital sign was picked as the single, most important sign, or as part of the top 3 or top 5 signs, and 
total number of times picked in any set.  

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 

Detailed vegetation pattern 3 3 4 10 
Landscape vegetation pattern 
(mesoscale) 2 4 5 11 
Vegetation condition 
(productivity/phenology) 1 5 7 13 
Regional land cover (includes 
some land use) 1 5 5 11 
Land use and management 
designation (non-cover related) 1 2 2 5 

Climate 1 1 1 3 
Visitor/recreational use and 
accessibility patterns  2 5 7 

Fire patterns  2 3 5 
Water features and hydrologic 
flow modifications  1 3 4 
Soil stability (including surficial 
geology)  1 2 3 

Invasive exotics (plants)  1 1 2 

Focal species habitat connectivity   3 3 
Natural disturbances other than 
fire    3 3 
Human populations and 
demographics (multiscale)   1 1 
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Table G20.   Recommendations by the landscape group on data sources, features, scales, extent, and potential measures for 5 key vital 
signs. 

Vital Sign 
Landscape 
Features Data Sources 

Spatial 
Scale Temporal Scale Extent (scope) 

Potential 
Measures 

Landscape vegetation 
pattern 

Map units of 
ecological systems 

Landsat TM, 
ETM+, GAP, 
NLCD 

2 to 5 
hectares 

5 years and on 
demand 

Network-wide, 
and on demand 
for specific 
disturbance 
events 

Connectivity of 
patch types 

Land management 
designation, and 
visitor/recreational use 
and accessibility 

Management 
zones, roads, trails, 
spatial data sets of 
visitor use data 
(points, polygons, 
density grid) 

Agencies, DLGs, 
Census Bureau 
data, County, 
Land Trust, 
DOQQ's, GAP? 

1:24:000 

Every 5 to10 
years for 
management; 
annually for 
roads and 
parcels and 
visitor use 

Park + buffer 
(nearest 
political 
boundary) 

Road & trail 
density, housing 
density, non-
sanctioned and 
sanctioned visitor 
use days, travel 
time, zoning 
types 

Vegetation condition 
(productivity/phenology) 

Density grid, plus 
points 

MODIS, AVHRR, 
historical aerial 
photography, 
ground 
observations 

250 m x 250 
m (= MODIS 
pixel size)  

Monthly to 
seasonally  Regionally 

Greenness index, 
phenology 
metrics, potential 
invasive species 
monitoring, 
relative 
productivity by 
cover type, long-
term trends 

Detailed vegetation 
pattern 

Map units of plant 
associations, etc. 

High resolution 
imagery, ground 
plots, aerial 
transects 

1 ha (park-
wide);   
1 m  (for 
change 
detection) 

Every 3 to 5 
years and on 
demand for 
change; 10 to 15 
years for full 
description 

Park  
+ 1 km (?) 
buffer 
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Table G21.  Recommendations by the landscape group on monitoring questions to be addressed, detecting change, key challenges, and 
potential collaborations for key Vital Signs.  

Key Vital Sign 

Monitoring Questions 
(what changes in status 

and trends are we 
interested in?) 

How best to detect 
change? Key challenges Potential Collaborations 

Land cover and vegetation 
pattern 

Changes in the rates, 
distribution, and abundance;  
assess  trends within all 
mapping units.  What forces 
are driving the observed 
changes? 

Maintain thematic 
resolution through time.  
Consider HRV.  
Important to distinguish 
types of change 
(classified vs. verified).  
Link to vegetation 
conditions. 

Technology changes; acquiring 
Landsat data; any interpretation 
of abstract classes; developing a 
working and stable classification 
scheme. 

GAP; NLCD; other agencies; 
USGS Land Cover Trends 
1973-present 

Land mgmt. designation 
and visitor/recreational 
use and accessibility 

Are road densities changing?  
Trends in visitor use and 
accessibility?  Habitat 
conversion occurring outside 
the Park?  Any changes in 
permitted management? 

Focal sum inside 
moving circle analysis 
(at 10m resolution).  
Create surfaces using 
kriging. 

Some visitor use information is 
not standardized; keeping data 
sets updated; keeping up with 
agency decision-making and 
public input periods; maintaining 
interagency collaborative efforts. 

Other agencies (federal, state, 
local); other divisions within 
the Parks  

Vegetation condition 
(productivity/phenology) 

Is vegetation vigor/health 
changing?  Is the vegetation 
phenology changing?  What 
are the trends in both?  How 
do we quantify the change?  
Early detection in gross 
changes in vegetation 
condition. 

Annual and semiannual 
measurement of 
phenological trends; 
summary measures 
compared to historical 
average; link to veg 
cover. 

Making change assessments 
type-specific; ground truthing and 
timing. 

USGS; phenology networks 
(ground observers) 

Invasive species 

What factors are useful to 
predict where new populations 
of invasives will spread?  What 
and where are vulnerable 
habitats?  What are dispersal 
and environmental factors 
leading to new infestations?  
Link to focal species habitat 
connectivity, land use, and 
other signs. 

Role of remote sensing 
in detecting new 
populations; model 
potential infestation 
sites. 

Difficult to define range potential 
for species. 

Other agencies (federal, state, 
local); USGS: Jayne Belnap 
and Kathryn Thomas; 
Johnathan Friedman 

Sou
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Fauna Populations and Communities 
Date:  April 6-7, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants:  
Eric Albrecht, University of Arizona     Dave Mattson, USGS/CPRS 
Mike Bogan, USGS/University of NM    Matt Johnson, NAU/CPRS 
Neil Cobb,  Merriam-Powell Center, NAU  Lisa Thomas, NPS/SCPN 
Marilyn Colyer, NPS/Mesa Verde NP*

Charles Drost, USGS/Colorado Plateau RS  
Steve Fettig, NPS/Bandelier NM    Data Managers/Notetakers:
Jennifer Holmes, NAU/Colorado Plateau RS  Nicole Tancreto, NPS/SCPN 
Mike Medrano, NPS/Petroglyph NM    Kate Watters, NAU/SCPN 
David Mikesic, Navajo Natural Heritage Program 
AJ Monatesti, NAU/Colorado Plateau RS  
Erika Nowak, NAU/Colorado Plateau RS   
Craig Paukert, USGS, Kansas Cooperative Fish  
& Wildlife Research Unit 
Trevor Persons, NAU/Colorado Plateau Research  
Station  
Brad Shattuck, NPS, Chaco Culture NHP 
RV Ward, NPS/Grand Canyon NP 
Jodi Whittier  NPS/SCPN (formerly) 
 
Background  
A two-day faunal workshop was held to develop a prioritized list of candidate vital signs relating to faunal 
populations and communities.  The workshop was attended by experts from NPS, cooperating agencies, 
private organizations, the academic community and park staff. The workshop was held concurrently with 
a workshop on floral populations and communities.   
 
Workshop Scope
The scope of the discussion included 1) species or species groups of high conservation concern (i.e. 
federally-listed, in-decline, endemic, relictual, etc.), 2) species or species groups indicative of ecosystem 
condition, and 3) stressors (e.g. bullfrogs or cowbirds).    
  
Workshop Summary 
Evaluating Candidate Vital Signs  
Following an overview of the NPS I&M program and SCP network, Dave Mattson led a discussion 
regarding a potential conceptual framework for considering faunal monitoring needs. 
 
Conceptual Framework for Faunal Vital Signs Selection.  This framework was premised on the idea that 
only a limited subset of fauna will be useful for monitoring ecosystem structure and function, primarily 
because focal features of structure and function are often better measured directly.  In theory, faunal 
elements that warrant monitoring include those that have high intrinsic value, efficiently integrate focal 
features of ecosystem structure and function (i.e., efficient indicators), or have the potential to transform 
or have other major effects on ecosystems (i.e., stressors or ecosystem engineers).  The idea of “trailing 
indicators” and “leading indicators” was also introduced.  Trailing indicators are faunal measures that lag 
behind, or are caused by, driver- or stressor-induced changes in ecosystem structure or function.  
Leading indicators are faunal measures that in some way foreshadow ecosystem change, typically 
because the measured faunal element has the ability to transform ecosystems.  In theory, leading 
indicators are of greater value than trailing indicators for monitoring ecosystems.  These considerations 
are a logical basis for the following conceptual framework and implicit selection criteria for faunal 
elements in a monitoring network: 
                                                      
* Marilyn Colyer was unable to attend the workshop, but ranked the candidate vital signs at a later date 
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• Of intrinsic value or interest 
• Listed species (emphasizing species listed under federal policies) 
• Vulnerable species (species in decline, whose ranges are highly fragmented, or that exist 

primarily as small populations)  
• Endemic species 
• Efficient indicators (trailing indicators) 
• Relate to focal ecosystem structure and function 
• Relate to “resource issues” (i.e., issues such as invasive exotics, land use on adjacent lands, 

seeps and springs) 
• Stressors or ecosystem engineers (leading indicators; e.g. bullfrogs, browsers and grazers such 

as elk and mule deer, prairie dogs, cowbirds, bark beetles) 
 
Additional considerations when selecting efficient indicators or ecosystem engineers for monitoring 
include distribution, niche width, and scale of sensitivity to change in ecosystem structure and function.  
For some purposes, elements that occur in numerous NPS units will be of more value for monitoring 
compared to elements that occur in only a few units.  Likewise, indicators or stressors with broad 
ecological niches will potentially rank higher for monitoring compared to elements with narrow niches.  
Scale is also a consideration because wide-ranging long-lived animals such as cougars will be sensitive 
to effects or processes at much coarser grains compared to less mobile, shorter-lived animals, such as 
tassel-eared squirrels.  Squirrels will better indicate features such as meso-scale forest structure whereas 
cougars will better indicate features such a broad-scale human impacts.  These considerations are a 
logical basis for the following additional selection criteria or issues: 
 

• Spatial occurrence or range extent (e.g. frequency in parks) 
• Ecological extent (e.g. niche breadth) 
• Temporal and spatial scale of sensitivity or effect (e.g. “grain”) 

  
Habitat Framework for Faunal Vital Signs Selection.  Selection of species-based monitoring elements 
faces a unique challenge compared to selection of structure or process-related elements because 
species have niches.  In other words, a species may meet selection criteria, but exhibit such a limited 
niche or habitat distribution that it may be of limited value.  Or, if a species is being discussed or ends up 
being ranked highly, it is important to know what part(s) of NPS unit ecosystems it is relevant to.  Broad 
habitat zones, or types, can provide a framework that facilitates defining the potential scope of relevance 
for a given species or species group.  Habitat zones, or broad types, can also provide a framework for 
parsing out differences in the nature and importance of drivers and stressors as a function of broad 
differences in climate and vegetation structure.  For these reasons, we used the following classification of 
habitats in Southern Colorado Plateau National Parks to assist in selection of faunal indicators (with key 
drivers and stressors identified for each): 
 
Mixed Conifer/Aspen   
Drivers – Zonal climatic and atmospheric conditions (precipitation, wind, radiant energy, CO2, N2), 
drought, fire, insects 
Stressors – Grazing, timber harvest 
Ponderosa Pine/Oak 
Drivers – Zonal climatic and atmospheric conditions, fire, insects, drought 
Stressors – Grazing, timber harvest 
Pinyon/Juniper  
Drivers – Zonal climatic and atmospheric conditions, drought, insects, fire 
Stressors – Grazing 
Greasewood/saltbush 
Drivers – Zonal climatic and atmospheric conditions, drought 
Stressors – Invasives, grazing 
Sagebrush 
Drivers –  Zonal climatic and atmospheric conditions, drought, fire 

-G40- 



Southern Colorado Plateau Network Phase Three – Appendix G – Topical Workshop Summaries 

Stressors – Grazing, invasives  
Desert Grasslands  
Drivers – Zonal climatic and atmospheric conditions, drought, fire, insects 
Stressors – Invasives, grazing  
Riparian Woodlands 
Drivers – Zonal climatic and atmospheric conditions, flood regime, water table levels, drought, and fire 
Stressors – Dam regulation, invasives, grazing, and recreation 
Springs and Seeps  
Drivers – Zonal climatic and atmospheric conditions, drought, and water table levels 
Stressors – Invasives, grazing, recreation 
 
Selection Process and Related Discussion.  Following individual work to generate potential vital signs, the 
group held an afternoon discussion to merge similar ideas, clarify the intent of particular vital signs and 
refine the list.  The following morning, the group devoted more discussion to clearly defining each 
candidate vital sign and further refining the list.  In the end, twenty-three faunal vital signs emerged from 
the nomination process (Table G22).   
 
We used the workgroup’s mean scores from the ranking process for each candidate vital sign in a two-
step evaluation process.  In the first step, we used the criteria for ecological and management 
significance to identify the most important vital signs (Table G23).   
 
In the second step, we used the scores from all four criteria areas (ecological significance, management 
significance, feasibility and cost of implementation, and data utility and application) to evaluate the 
candidate vital signs (Table G24).  Participants were also asked to select the single most important vital 
sign, the top 3 signs, and the top 5 signs that they would choose to monitor (Table G25).   
 
During the concluding discussion, several participants observed that most of the highly ranked vital signs 
were associated with spring or riparian habitats.  While everyone agreed on their importance, some were 
concerned that the group had not adequately addressed faunal priorities in dryland habitats.  The group 
decided to repeat the ‘set exercise’, this time focusing on the top 1, 3 and 5 vital signs in dryland habitats 
(Table G26).   
 
Table G22.  List of 23 candidate vital signs nominated by the faunal workshop participants.   

Candidate Vital Signs 
Mexican spotted owl Pumas 
SW willow flycatcher Diurnal lizards  
Rare native fish species Toad-like anurans  
Amphibians at water sources  Habitat-based bird communities 
Disjunct and relictual mammals, herps Black bears 
Endemic vertebrates Habitat-based small mammal communities  
Riparian bird communities  Aquatic macroinvertebrates 
Sagebrush/shrubland/grassland bird 
community Brown-headed cowbirds 
Corvid species  Outbreaking insects  
Elk and muledeer Habitat-based terrestrial & aerial arthropods 

Bats 
Spring-associated aquatic/terrestrial 
invertebrates 

Fossorial mammals   
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Candidate Vital Sign Descriptions 
Mexican Spotted Owl:  This is a federally listed species, a driver of management decisions in many 
National Parks in both the Southern and Northern Colorado Plateau Networks, an indicator of human 
activity, and has intrinsic value.  Metrics for monitoring include tracking density, abundance and the 
percentage of occupied territories within parks, using standardized protocols established by the USFWS. 
 
Southwestern Willow Flycatcher:  This is a federally listed species, with limited distribution within the SCP 
network parks, with no recent breeding records within the network.  Only migrants have been detected 
during stopover migration.  Metrics used in monitoring are standardized surveys to document presence 
and abundance across the migration and breeding season across many years. 
 
Rare native fish species:  These include state and federally listed species, and are indicators of systems 
in decline.  Within Grand Canyon National Park, these species are monitored by the Grand Canyon 
Monitoring and Research Center (GCMRC); species that may not be covered by the GCMRC may include 
speckled dace, Colorado pike minnow, and razorback sucker.  The status of rare native fish is unclear in 
the Dirty Devil and Escalante Rivers.  We suggest monitoring trends in absolute abundances. 
 
Amphibians at water sources:  These species are declining, and are very responsive to environmental 
change and various stressors.  As such, they are sensitive indicators of the health of water sources and 
are reflective of both terrestrial and aquatic changes.  They are also an indicator of a system in decline 
and of paramount conservation concern.  There is global awareness of amphibian decline, so they are a 
flagship group.  Monitoring should track species composition/relative abundance. 
 
Disjunct and relictual mammals, herps:  Disjunct mammal and herp populations are disconnected from 
other more contiguous populations of the same species.  Relictual populations (e.g. boreal mammals, 
mountain treefrog, ranid frogs) consist of isolated populations of a species once found over a wider area 
but now reduced to pockets of suitable habitat over part of its former range.  Thus, these populations 
consist of unique species that are sensitive to global climate change and management action.  Once 
extirpated they are unlikely to return, and they are populations otherwise not represented in the vital 
signs. In particular, relictual mammals are boreal and sensitive indicators of global climate change.  Herps 
in this category (e.g. whiptail, milk snake) are threatened by poaching.  Monitoring would include tracking 
their persistence and relative abundance and could provide information on global climate change.   
 
Endemic vertebrates:  These species are restricted to one or a few localities in their entire distribution, are 
usually confined to geographic islands, and thus are vulnerable to extinction.  They are sensitive to global 
climate change and management actions.  They include a suite of  unique species and many have 
special status protection (e.g. little Colorado Spinedace, Jemez Mt. Salamander, Wupatki Pocket Mouse, 
Steven’s wood rat, and many invertebrate species).  The Jemez Mt. Salamander is under a multi-agency 
conservation agreement and the Lower Colorado River Spindace is federally listed.  Their 
presence/absence and relative abundance (for the Jemez Mt. Salamander) should be monitored. 
 
Riparian bird communities:  These include many species that have been identified as species of 
conservation concern and have high public awareness (e.g. Southwestern Willow Flycatcher, Yellow-
billed Cuckoo, and Lewis’s Woodpecker).  They are indicators of a system in decline (i.e., riparian 
system), that has experienced significant shifts in habitat and water quality, of which NPS sites 
sometimes can serve as a reference condition.  Many riparian birds are neotropical migrants and are 
indicative of intercontinental human impacts.  They also have intrinsic value to the public.  They are 
relatively easy to measure and monitor using an index of relative abundance or density. 
 
Sagebrush/shrubland/grassland bird community:  Many bird species in this community are declining and 
are of conservation concern (e.g. Sage Grouse, Loggerhead Shrike, Brewer’s Sparrow, and Ferruginous 
Hawk).  They are indicators of habitat systems in decline due to disruptions to the natural fire regime, 
invasion of exotic plants, grazing, habitat conversion and fragmentation. NPS sites serve as a reference 
condition for these systems. They are relatively easy to measure and monitor using an index of relative 
abundance or density. 
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Corvid species:  These include ravens, crows, magpies and jays.  They are indicators of the level of 
human disturbance both inside and surrounding many SCPN parks, and each species can have a focal 
impact on vertebrate populations, especially many bird communities (i.e., nest predators), in and 
surrounding the parks.   Also, as a group they are susceptible to the West Nile Virus and may be the 
initial indicators of its presence and spread.  Monitoring change in abundance is relatively easy; they are 
highly detectable. 
 
Elk and muledeer:  These are focal species that can be considered stressors that can have major effects 
on vegetation and the structure of the ecosystem; they often drive many management decisions (e.g. 
grazing, fire and harvesting practices).  They also act as indicators, which are sensitive to the availability 
of free water (elk); they are charismatic; there are known issues with overabundance & decline; and also 
they are subject to chronic wasting disease.  Metrics for monitoring include distribution and relative 
abundance.  
 
Bats:  They represent a pool of species that occurs regionwide.  As a group they are considered focal 
species in that they have a significant functional role as nocturnal insectivores.  They are sensitive to a 
variety of disturbances/system changes.  They are strongly linked to insect availability, are 
bioaccumulators, long-lived, and may be good indicators for monitoring contaminants.  Additionally, they 
are listed as species concern (with collaborative potential) at the state level in New Mexico, Utah, 
Colorado and Arizona, and are of conservation concern nationally. Metrics for monitoring include 
distribution and relative abundance.  
 
Fossorial mammals:  These are mammals that are adapted for digging and that form burrows.  Some, 
such as prairie dogs and ground squirrels, are keystone or focal species, in that they have significant 
functional roles in ecological systems. They promote soil disturbance and have vegetation impacts.  They 
are also of management concern because they can impact cultural resources such as archeological sites.   
Potential monitoring metrics include tracking their distribution and abundance.  
  
Pumas:  They are considered focal species in that they exert top-down control and integration of the 
ecosystem, playing a significant role in structuring the environment.  They are sensitive to management 
on non-park jurisdictions and can be an indicator of urban interface concerns.  Their distribution and 
relative abundance can be monitored using hair-snaring methodologies. 
 
Diurnal lizards:  These include, but are not limited to, the side-blotched lizard, tree lizard, Eastern fence 
lizard and whiptail lizards.  They play a dominant role in ecosystems just by their presence.  Because they 
are short-lived and undergo distributional shifts, they are quickly responsive to environmental and climate 
changes.  They occur across the network, inhabit a large proportion of habitats contained in SCPN parks, 
and their distribution and relative abundance are relatively easy to measure. 
 
Toad-like anurans:  Included in this group are both spadefoot toads and true toads.  Toad-like anurans 
occur across the SCP network and are very sensitive to ecosystem change.  They are also relatively easy 
to monitor using night driving methods, which can also, indirectly, provide information on breeding.  
 
Habitat-based bird communities:  This consists of monitoring of birds in habitats that are widely distributed 
across the network such as pinyon-juniper, ponderosa pine, shrubland/grassland, and riparian habitats.  
Many bird species are obligates of these particular habitats, are sensitive to stressors and habitat 
changes, and many are declining due to the health of these habitats.  For many of these habitats, NPS 
sites serve as a reference condition.  Also, many birds are neotropical migrants and are indicative of 
intercontinental human impacts.  They also have intrinsic value to the public.  Consequently, many 
species have been identified as species of conservation concern by multiple agencies and groups.  They 
are relatively easy to measure and monitor using an index of relative abundance or density and 
information can be integrated with habitat monitoring and monitoring of other taxa. 
 
Black bears:  They are of conservation concern because of their rarity and low density in many SCPN 
parks.  They are sensitive to ecological changes such as the loss of pinyon pine and free water, thus they 
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are indicators of ecosystem status.  They are affected by management decisions and by within-park and 
adjacent ecosystem conditions.   Distribution and relative abundance can be monitored using hair-snaring 
methods.  
 
Habitat-based small mammal communities:  The main concern within this community is the grassland 
small mammals, including pocket mice and kangaroo rats that are good indicators of grassland 
ecosystem health.  A diversity of species occurs widely across the network; they are responsive to climate 
changes, and play important roles in ecosystem function (e.g. seed caching, herbivory, burrowing, and 
seed predation).  Some parks (i.e., the more urban parks such as Petroglyphs National Monument) have 
identified the effects of feral animals on small mammals as of major concern.  Suggested metrics for 
monitoring are distribution and relative abundance.  
 
Aquatic macroinvertebrates:  These are larger-than-microscopic invertebrate animals. Freshwater 
macroinvertebrates include aquatic insects, worms, clams, snails, and crustaceans.  They respond 
quickly to change.  Because of their abundance, sensitivity to environmental impacts, and well-
understood relationship to water quality and integrity, they are widely used in biomonitoring programs for 
assessing water quality and aquatic ecosystem health.  In addition to being good indicators of aquatic 
health, spring associated aquatic/terrestrial arthropods are listed as species of concern in which many of 
these habitats are endangered.  Suggested metrics for monitoring are species diversity and relative 
abundance.  
 
Brown-headed cowbirds:  Cowbirds are stressors in their own right in that they have direct impacts on 
songbird populations, including neotropical migrants.  They are also indicative of land use management 
practices outside the parks (i.e., they increase in numbers due to urbanization, habitat fragmentation, and 
livestock grazing) and impact resources within many SCPN parks.  They are of concern network-wide and 
are easily monitored, using well-established methods to measure distribution and relative abundance. 
 
Outbreaking Insects:  These include bark beetles and spruce budworm, which act as focal species in that 
they are capable of driving ecological system change, and can have a disproportionate contribution to 
structuring the environment.  They are found in many habitats that comprise the majority of the parks and 
they are of broad concern in many SCPN parks.  It was proposed that monitoring their relative 
abundance, and the damage caused by outbreaks, be integrated with the monitoring of other taxa, 
including invasive species monitoring, to see how these respond to varying conditions. 
 
Habitat-based terrestrial & aerial arthropods:  Arthropods may serve as indicators and include species 
sensitive to change.  They are sensitive to pollution, climate change, habitat alteration and fire, and are 
strongly linked to plants and vertebrate communities.  A community-based monitoring approach would be 
used, looking at assemblages rather than individual species.   Yet monitoring may be problematic 
because relatively little is known about arthropod life histories; more information is needed on their 
biology and interrelationships.  It would be difficult to monitor terrestrial and aerial arthropods in their 
entirety, and there is considerable temporal variation in arthropod richness and abundance. 
 
Spring-associated aquatic/terrestrial invertebrates:  Springs support a high diversity of terrestrial and 
aquatic invertebrates.  Stevens (2003) reported 93 aquatic and 199 terrestrial invertebrate taxa in a 
recent inventory from 10 springs emanating from the Redwall Limestone aquifer of Grand Canyon.  A 
number of aquatic taxa require springs or spring-fed streams, and some may be indicative of perennial 
flow.  Many are sensitive to aquatic integrity/water quality and others are dependent on riparian cover and 
microclimates associated with springs.  Thus they are indicative of the overall health of spring 
ecosystems.  Springs also support rare and endemic invertebrates that warrant management concern in 
their own right.  Suggested metrics for monitoring are species diversity and relative abundance.  
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Table G23.  Mean scores for ecological and management significance for 23 candidate vital signs 
proposed by faunal workshop participants.   

Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management and 

Ecological 
Significance 

Aquatic macroinvertebrates 9.91 6.39 8.15 
Rare native fish species 9.26 6.76 8.01 
Riparian bird communities 8.80 6.85 7.83 
Amphibians at water sources 9.35 6.11 7.73 
Spring-assoc. aquatic/terrestrial 
invertebrates 

8.80 6.67 7.73 

Elk and muledeer 7.87 7.41 7.64 
Outbreaking insects 7.87 7.13 7.50 
Habitat-based bird communities 8.71 6.20 7.46 
Mexican spotted owl 6.85 7.50 7.18 
Fossorial mammals 8.34 5.83 7.08 
Sagebrush/shrubland/grassland 
bird community 

8.15 5.65 6.90 

Bats 8.15 5.56 6.85 
Pumas 6.76 6.39 6.58 
Habitat-based terrestrial & 
aerial arthropods 

7.78 4.54 6.16 

SW willow flycatcher 6.02 5.93 5.97 
Toad-like anurans 6.76 4.82 5.79 
Habitat-based small mammal 
communities 

7.69 3.61 5.65 

Endemic vertebrates 5.19 5.74 5.46 
Brown-headed cowbirds 5.28 5.37 5.33 
Disjunct and relictual mammals, 
herps 

5.56 5.00 5.28 

Black bears 5.56 4.91 5.23 
Diurnal lizards 6.30 3.43 4.86 
Corvid species 4.35 2.87 3.61 

 

-G45- 



Southern Colorado Plateau Network Phase Three – Appendix G – Topical Workshop Summaries 

Table G24.  Mean weighted scores for candidate vital signs proposed by faunal workshop 
participants.   

Candidate Vital 
Sign 

Ecological 
Significance 
(weight = .35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Aquatic macro-
invertebrates 3.47 2.24 1.40 1.32 8.43 
Amphibians at 
water sources 3.27 2.14 1.40 1.27 8.09 
Riparian bird 
communities 3.08 2.40 1.32 1.22 8.02 
Spring-assoc. 
aquatic/ terrestrial 
invertebrates 3.08 2.33 1.26 1.17 7.84 
Habitat-based bird 
communities 3.05 2.17 1.38 1.23 7.82 
Rare native fish 
species 3.24 2.37 1.03 1.08 7.72 
Outbreaking 
insects 2.76 2.50 1.14 1.06 7.45 
Sagebrush/ 
shrubland/ 
grassland bird 
community 2.85 1.98 1.43 1.19 7.45 
Elk and muledeer 2.76 2.59 1.10 1.00 7.45 
Fossorial 
mammals 2.92 2.04 1.25 1.20 7.41 
Mexican spotted 
owl 2.40 2.63 1.22 1.01 7.26 
Bats 2.85 1.94 1.10 1.11 7.01 
Toad-like anurans 2.37 1.69 1.35 1.07 6.47 
Habitat-based 
terrestrial & aerial 
arthropods 2.72 1.59 1.03 1.05 6.39 
Pumas 2.37 2.24 0.82 0.88 6.30 
SW willow 
flycatcher 2.11 2.07 1.10 0.95 6.23 
Habitat-based 
small mammal 
communities 2.69 1.26 1.25 1.01 6.22 
Brown-headed 
cowbirds 1.85 1.88 1.36 0.85 5.94 
Diurnal lizards 2.20 1.20 1.39 0.95 5.74 
Disjunct and 
relictual mammals, 
herps 1.94 1.75 1.03 0.95 5.67 
Endemic 
vertebrates 1.82 2.01 0.97 0.83 5.63 
Black bears 1.94 1.72 0.92 0.78 5.36 
Corvid species 1.52 1.00 1.29 0.67 4.49 
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Table G25.  Results of exercise asking participants of faunal workshop to choose the top 1, 3 and 
5 vital signs to monitor.   

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 
Habitat-based bird communities 6 10 11 27 
Aquatic macroinvertebrates 5 9 10 24 
Amphibians at water sources 2 8 12 22 
Riparian bird communities  5 6 11 
Habitat-based small mammal communities  3 8 11 
Outbreaking insects 1 3 4 8 
Habitat-based terrestrial & aerial 
arthropods  3 4 7 
Toad-like anurans 1 2 3 6 
Bats  1 4 5 
Diurnal lizards  2 3 5 
Elk and muledeer 1 1 3 5 
Disjunct and relictual mammals, herps  4 4 
Endemic vertebrates 1 1 2 4 
Fossorial mammals  1 3 4 
Spring-assoc. aquatic/terrestrial 
invertebrates  1 2 3 
Rare native fish species  1 2 3 
Mexican spotted owl  2 2 
Brown-headed cowbirds  1 1 
SW willow flycatcher  1 1 

 
 
Table G26.  Results of exercise asking participants of faunal workshop to choose the top 1, 3 and 
5 vital signs to monitor in dryland habitats.   

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 
Habitat-based bird communities 9 11 15 35 
Habitat-based terrestrial & aerial arthropods 1 7 12 20 
Habitat-based small mammal communities 8 11 19 
Diurnal lizards 1 4 9 14 
Elk and muledeer 1 4 5 10 
Bats 3 6 9 
Outbreaking insects 2 6 8 
Toad-like anurans 2 3 3 8 
Fossorial mammals 1 3 4 8 
Sagebrush/shrubland/grassland bird 
community 1 2 2 5 
Disjunct and relictual mammals, herps 1 4 5 
Mexican spotted owl   2 2 
Endemic vertebrates   1 1 
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Flora Populations and Communities 
Date:  April 6-7, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants:
Dave Anderson, Colorado Natural Heritage Program  Chris Lauver, NPS/SCPN 
Monica Hansen, Northern Arizona University   Anne Cully, NPS/SCPN 
Tim Lowrey, University of New Mexico    John Spence, NPS 
Barb Phillips, USDA, Forest Service      
Renee Rondeau, Colorado Natural Heritage Program  Data Managers / Notetakers:
Daniela Roth, Navajo Nation Heritage Program   Nicole Tancreto, NPS/SCPN 
Bob Sivinski, State of New Mexico (Forestry Div.)  Kate Watters, NAU 
Lori Makarick, NPS/Grand Canyon 
 
Background 
A two-day workshop was held to develop a prioritized list of candidate vital signs relating to flora 
populations and communities that occur on the Southern Colorado Plateau.  The workshop was attended 
by experts from NPS, cooperating agencies, the academic community, and park representatives.  The 
workshop was held concurrently with a workshop on fauna populations and communities.   
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across SCPN parks.  
The scope of this workshop is to develop and evaluate monitoring candidates related to several floral 
categories, including:  
 
1) Individual plant species that are rare or otherwise “of conservation concern.”  These include species 

that are: endemic, listed as T&E, in significant decline across their range, edge-of-range species 
or those with disjunct occurrences within the Colorado Plateau ecoregion, or species that are 
otherwise vulnerable, and floral groups associated with unique Colorado Plateau habitats (e.g. 
springs, sagebrush steppe, riparian corridors);  

and    
 
2) Ecological plant communities that are rare, at-risk, or otherwise “of conservation concern.”  Some 

potential examples include montane wet meadows, hanging gardens, and riparian shrublands 
and woodlands.  

 
Workshop Summary 
Evaluating Candidate Vital Signs 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, rare plants/endemics on the Colorado Plateau (by John Spence), and the vital sign selection 
process, the group (working individually) initially nominated 35 candidate vital signs.  Each sign was then 
discussed individually by the group, and as a result of discussion, the 35 signs were revised, modified, 
and combined into a total of 25 signs (Table G27).  A brief description of each vital sign follows Table 
G27. 
 
The average score for each vital sign using just the ecological and management significance criteria are 
shown in Table G28, and the final scores using all 4 areas of criteria are shown in Table G29.     
 
Participants were also asked to identify various subsets of the 25 candidate vital signs shown in Table 
G27.  They were asked to select the single most important vital sign, the top 3 signs, and the top 5 signs.  
Results of these surveys are shown in Table G30.   
 

-G48- 



Southern Colorado Plateau Network Phase Three – Appendix G – Topical Workshop Summaries 

Discussion Summary 
Following the discussion of the vital sign results, a group discussion was held to determine some 
recommendations for monitoring for 4 selected flora signs related to plant species.  Comments were 
recorded by the group on the following topics:  the role of NPS units in monitoring the sign, monitoring 
urgency, suggested sampling strategies, sample monitoring questions, information gaps, key challenges, 
potential collaborations, and recommended temporal and spatial scales for monitoring.  These collective 
comments are presented in Table G31.  Following this exercise, another group discussion was held to 
determine similar recommendations for 3 selected flora signs related to plant communities, and these 
comments are summarized in Table G32. 
 
 
Table G27.  List of 25 candidate vital signs nominated by the flora group. 

Candidate Vital Sign 

Hackelia gracilenta Nurse plants 
Active dune plant communities (sand dunes / 
cinder) Hanging gardens & related spring sites 

Ethnobotanical species Native riparian areas 

Astragalus schmolliae Potential rare plant habitat 

Astragalus deterior 
Small-patch disease outbreaks and changes to 
structure / composition 

Ground water/water table level in riparian 
communities and hanging gardens Orchid diversity / populations 

Biological soil crusts Small patch wetlands 

Native grassland communities Rare cryptogamic lichen communities 
Upland edaphic-defined vegetation with high 
levels of rare species Low elevation alkaline seeps and cienegas 
Rare plant populations and their reproductive 
biology (TES, G1, G2, endemic G3) 

Rare associations on unique Colorado Plateau 
(CP) substrates 

Endemic cacti Disjunct rare associations 

Relict communities Microhabitat communities 

Upland old-growth woodland / forest stands  
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Candidate Vital Sign Descriptions 
Hackelia gracilenta:  A rare, herbaceous plant (Mesa Verde stickseed) that is endemic to the Mesa Verde 
area, and is ranked G2 by The Nature Conservancy (TNC).  Monitoring this species would document its 
location, condition, and population status. 
 
Active dune plant communities (sand dunes / cinder):  Describes the location and extent of these rare, 
isolated, and unique plant communities where they occur within park units. 
 
Ethnobotanical species:  Describes the location and population status of traditionally collected plants that 
are currently being harvested from within park units.  
 
Astragalus schmolliae:  A rare, herbaceous plant (Schmoll's milkvetch) that is nearly endemic to Mesa 
Verde National Park.  This species is ranked G1 by TNC, found in old-growth pinyon-juniper stands, and 
could function as an indicator of old-growth PJ stands.  Monitoring this species would document its 
location, condition, and population status. 
 
Astragalus deterior:  A rare, herbaceous plant (Cliff-palace milkvetch) that is nearly endemic to Mesa 
Verde National Park, and is ranked G1 by TNC.  Monitoring this species would document its location, 
condition, and population status. 
 
Ground water / water table level in riparian communities and hanging gardens:  This sign monitors the 
ground water/water table levels of riparian communities and hanging gardens that occur in park units.  
Monitoring these levels is important because the presence of and depth to water are key variables in the 
functioning of  these communities, and suites of rare and endemic plant species are dependent on the 
presence of water in these systems.   
 
Biological soil crusts:  Includes soil biotic crusts, lichens, mosses, nitrogen-fixing rhizobia, and mycorrhizal 
associations.  Biological soil crust communities may be considered as a focal community of arid upland 
ecosystems (in other words they are disproportionately important to ecosystem functioning).  Biological 
soil crusts stabilize and protect soil surfaces from erosive forces, influence hydrologic processes such as 
water runoff and infiltration, and serve as a source of nitrogen (Belnap and Lange 2001).     
 
Native grassland communities:  Describes the location, extent, and condition of native grasslands that 
occur within park units, including monitoring the plant community structure and plant species composition. 
 
Upland edaphic-defined vegetation with high levels of rare species:  Describes the location, extent, and 
condition (including community structure and species composition) of these small-patch plant 
communities dominated by endemics.  These are rare plant communities composed mainly of rare plants, 
and may be dominated by either shrub or herbaceous species. 
 
Rare plant populations and their reproductive biology (TES, G1, G2, endemic G3):  Describes the 
distribution, density, condition and reproductive biology/behavior of rare plants that are either federally 
listed as threatened or endangered, are ranked G1 or G2 by TNC, or are endemic G3 plants. 
 
Endemic cacti:  Describes the distribution, density, and condition of several endemic cacti, including 
Pediocactus spp. and Sclerocactus spp.  These plants occur on unique habitats that are subjected to 
several impacts, and their populations may be declining.  
 
Relict communities:  Describes the location, extent, and condition of isolated, rare, and relictual plant 
communities that contain unique vegetation assemblages; examples include aspen stands in Betatakin 
Canyon in Navajo NM, and low elevation Douglas fir stands in Grand Canyon NP and Canyon de Chelly 
NM. 
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Upland old-growth woodland / forest stands:  Describes the location, extent, and condition of upland old-
growth stands, including pinyon juniper stands in Mesa Verde NP, and high elevation old-growth 
Ponderosa pine stands. 
 
Nurse plants:  Describes the population status of plants that facilitate growth of other plants; these plants 
include Fallugia paradoxa and Larrea tridentata. 
 
Hanging gardens & related spring sites:  Describes the location and condition of hanging garden 
communities and springs related to these communities.  Hanging gardens are disproportionately 
important on the Colorado Plateau because of populations of rare and endemic plants that occur at these 
sites. 
 
Native riparian areas:  Describes the location, extent, and condition of native riparian woodlands, 
shrublands, and herbaceous communities from desert to montane environments.  The monitoring 
emphasis is on relatively intact riparian areas dominated by native species.  Although riparian areas are a 
minor component of the landscape, they are disproportionately important on the Colorado Plateau 
because of their contribution and importance to flora and fauna biodiversity, and condition of watersheds. 
 
Potential rare plant habitat:  Describes the location, extent, and condition of potential habitats for rare 
plants that are currently unoccupied by rare plants.  This information would be useful in determining why 
rare plants occur in some areas and not in others, and for documenting new occurrences of rare plants.  
Many of these potential habitats are under threat of disturbance from anthropogenic development (e.g. oil 
and gas development). 
 
Small-patch disease outbreaks and changes to structure / composition:  Describes the location, extent, 
and changes to plant community structure and composition created by small-scale disease outbreaks that 
may occur within small-patch communities of rare plants. 
 
Orchid diversity / populations:  Monitors the location, extent, population dynamics, and composition of 
orchid populations.  Orchids may serve as indicators of stable forests, woodlands, and wetlands. 
 
Small patch wetlands:  Describes the location, extent, and condition of small patch wetlands, such as 
montane wet meadows and emergent marshes. 
 
Rare cryptogamic lichen communities:  Monitors the location, extent, and condition of rare lichen 
communities, which may function as good indicators of air pollution. 
 
Low elevation alkaline seeps and cienegas:  Describes the location, extent, and condition of low elevation 
alkaline seeps and cienegas.  Plant communities at these sites are generally rare and may contain rare 
plant species. 
 
Rare associations on unique Colorado Plateau (CP) substrates:  Describes the location, extent, and 
condition of rare and new (unknown) plant associations that occur on badlands, shale, sandstone, and 
loose volcanic substrates. 
 
Disjunct rare associations:  Describes the location, extent, and condition of rare plant communities that 
are isolated and separate from their normal range of occurrence (disjunct). 
 
Microhabitat communities:  Monitors the location, extent, and condition of unique plant communities 
occurring on microhabitats.  Examples include small-patch biological soil crusts, lava tubes, lava beds, 
outcrops, kipukas, and fallen log communities. 
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Table G28.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages from floral workshop. 

 Candidate Vital Sign 

Ecological 
Significance 
(Mean Score) 

Management 
Significance 
(Mean Score) 

Average of 
Management 
& Ecological 
Significance 

Scores 
Native riparian areas 10.0 10.0 10.0 
Ground water / water table level in riparian 
communities and hanging gardens 9.5 9.2 9.3 

Hanging gardens and related spring sites 9.5 9.2 9.3 

Upland old-growth woodland / forest stands 9.5 8.2 8.8 

Biological soil crusts 8.7 7.5 8.1 

Native grassland communities 8.5 7.5 8.0 

Small patch wetlands 8.7 7.2 7.9 

Low elevation alkaline seeps and cienegas 8.7 7.0 7.8 
Rare plant populations and their 
reproductive biology 7.2 8.5 7.8 

Relict communities 7.7 7.8 7.8 

Upland edaphic-defined vegetation with high 
levels of rare species 7.5 7.3 7.4 

Rare cryptogamic lichen communities 7.3 6.5 6.9 

Rare associations on unique CP substrates 7.5 6.3 6.9 

Endemic cacti 5.8 6.5 6.2 

Active dune plant communities 6.8 5.3 6.1 

Small-patch disease outbreaks and changes 
to structure/composition 6.7 5.3 6.0 

Orchid diversity/populations 5.7 5.0 5.3 

Microhabitat communities 6.0 4.7 5.3 

Astragalus schmolliae 5.2 5.4 5.3 

Disjunct rare associations 4.8 4.3 4.6 

Astragalus deterior 3.5 5.0 4.3 

Nurse plants 5.3 3.2 4.3 

Ethnobotanical species 3.2 4.8 4.0 

Potential rare plant habitat 2.7 4.3 3.5 

Hackelia gracilenta 3.5 3.0 3.2 
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Table G29.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by 
the additive scores from four sets of weighted evaluation criteria from floral workshop.    

Candidate Vital Sign 

Ecological 
Significance 

(weight = 
.35) 

Management 
Significance 
(weight = .35) 

Cost & 
Feasibility 

(weight = .15) 

Data Utility & 
Application 

(weight = .15) 
Final 
Score 

Native riparian areas 3.5 3.5 1.1 1.4 9.6 
Hanging gardens and related 
spring sites 3.3 3.2 1.1 1.4 9.1 
Ground water/water table 
level in riparian communities 
and hanging gardens 3.3 3.2 0.9 1.3 8.7 
Upland old-growth woodland / 
forest stands 3.3 2.9 1.1 1.2 8.5 
Native grassland 
communities 3.0 2.6 1.3 1.2 8.1 

Biological soil crusts 3.0 2.6 1.1 1.3 8.0 

Small patch wetlands 3.0 2.5 1.1 1.3 7.9 
Rare plant populations and 
their reproductive biology 2.5 3.0 1.1 1.2 7.8 
Low elevation alkaline seeps 
and cienegas 3.0 2.5 1.1 1.2 7.7 
Upland edaphic-defined 
vegetation with high levels of 
rare species 2.6 2.6 1.1 1.2 7.5 

Relict communities 2.7 2.7 1.0 0.9 7.3 
Rare associations on unique 
CP substrates 2.6 2.2 1.1 1.1 7.0 
Rare cryptogamic lichen 
communities 2.6 2.3 1.0 1.1 6.9 

Endemic cacti 2.0 2.3 1.2 1.0 6.4 
Active dune plant 
communities 2.4 1.9 1.1 0.9 6.3 

Astragalus schmolliae 1.8 1.9 1.4 0.9 6.0 
Small-patch disease 
outbreaks and changes to 
structure / composition 2.3 1.9 0.7 1.0 5.9 

Orchid diversity / populations 2.0 1.8 0.9 0.9 5.5 

Microhabitat communities 2.1 1.6 0.8 0.9 5.4 

Astragalus deterior 1.2 1.8 1.4 0.7 5.1 

Disjunct rare associations 1.7 1.5 0.9 0.9 4.9 

Nurse plants 1.9 1.1 0.8 0.7 4.5 

Ethnobotanical species 1.1 1.7 0.9 0.7 4.3 

Hackelia gracilenta 1.2 1.0 1.4 0.5 4.2 

Potential rare plant habitat 0.9 1.5 0.9 0.7 4.0 
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Table G30.  Results from all participants showing the number of times a vital sign was picked as 
the single, most important sign, or as part of the top 3 or top 5 signs, and total number of times 
picked in any set from floral workshop.  

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 

Native riparian areas 4 6 8 18 
Rare plant populations and their 
reproductive biology 3 6 7 16 

Ground water / water table level in riparian 
communities and hanging gardens 1 3 2 6 
Upland old-growth woodland / forest 
stands 1 2 5 8 
Rare associations on unique Colorado 
Plateau substrates 1 2 4 7 

Hanging gardens and related spring sites  5 9 14 
Upland edaphic-defined vegetation with 
high levels of rare species  4 4 8 

Biological soil crusts  2 3 5 

Relict communities   3 3 

Native grassland communities   2 2 

Astragalus schmolliae   1 1 

Ethnobotanical species   1 1 
Small-patch disease outbreaks and 
changes to structure/composition   1 1 
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Table G31.   Recommendations by the flora group on the role of NPS units, monitoring urgency, sampling strategies, sample monitoring 
questions, information gaps, key challenges, potential collaborations, and monitoring scales for 4 flora signs related to plant species.  

Candidate 
Vital Sign 

Role of NPS park 
units (do parks 
have the best 
populations / 
examples?) 

What is monitoring 
urgency / under 

what conditions? 
(consider stressors 

and disturbance 
regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions     
(How best can we 

interpret changes in 
status and trends?  

What more do we need 
to know?) 

Info Gaps, Key 
Challenges, 

Potential 
Collaborations 

Scales (space 
and time) 

Upland 
edaphic-
defined 

vegetation 
with high 

levels of rare 
species 

Lacking inventory 
data; NPS land 
has a better 
chance of better 
examples b/c of 
lack of multiple 
use (use as a 
baseline 
comparison); 
multiple parks 
may contain 
diverse array of 
substrate-based 
endemics 

Depends on group; 
shale/cinder/dunes: 
ORV activity + oil/gas 
development = big 
threat.  Most/many 
endemics may be OK 
(except for maybe 
climate change), but 
important to know 
where they are, and 
to know them all.  
Roads are a concern 
(b/c introducing 
weeds) 

Use geology 
maps/elevation/aspect/
veg maps as stratifier 
for sampling; see rare 
plants; apply rapid 
assessment 
techniques to rare 
plant spp. & 
communities 

How best to develop a 
monitoring protocol for 
group of rare plants?  
Potential for 
modeling/predicting 
species occurrences 

Consult with BLM.  
Big info gaps with 
inventory (not 
mapped well, not well 
described).  Link with 
fine-scale veg 
mapping & air photo 
interpretation 

Sample every 
3 to 5 years, 
long-term 
monitoring 
(visit some 
more 
frequently to 
identify 
changes) 

Astragalus 
schmolliae 

Mesa Verde NP 
has best known 
populations 
(mainly in 1 patch 
of 500K plants + 
outliers; other pop 
in Mtn Ute Tribal 
Reservation) 

High; don't know 
what effects of the 
2002 fire are, and 
recovery potential?  
may not handle well 
over long term (other 
threats= 
infrastructure 
development + visitor 
impacts on Chapin 
Mesa, + drought and 
predation) 

Some sampling done 
w/belt transects and 
plots on burned vs. 
unburned; population is 
next to road 
(accessible) 

How will population 
respond to fire? and 
development? 
(distribution is mapped 
w/in 5 m);  Is population 
stable? 
Increasing/decreasing? 
(answer is complicated: 
population can remain 
dormant) 

Lacking info on 
reproductive biology 
& phenology; also 
don't know how it will 
respond to fire; 
collaborate w/Mtn Ute 
tribe 

Sample at 
least annually 
to detect 
trends for 5 
years, sample 
in May for 
seedlings (late 
May for repro) 
+ late June for 
seed set 
(choose good 
1-2 years) 
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Candidate 
Vital Sign 

Role of NPS park 
units (do parks 
have the best 
populations / 
examples?) 

What is monitoring 
urgency / under 

what conditions? 
(consider stressors 

and disturbance 
regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions     
(How best can we 

interpret changes in 
status and trends?  

What more do we need 
to know?) 

Info Gaps, Key 
Challenges, 

Potential 
Collaborations 

Scales (space 
and time) 

Hanging 
gardens & 

related spring 
sites 

Parks have some 
of the best 
(Navajo Nation 
has good ones); 
GLCA has biggest 
and "best" of 
SCPN, other 
significant 
gardens in other 
parks 

Fairly high; threats = 
water development, 
grazing, feral 
animals, exotics, 
recreation, drought 
(climate change), fire 

May require rappelling; 
random stratification by 
size and substrate 
(may be some 
unknowns); look at 
discharge rates.  
Sensitive: be aware of 
destructive sampling 
(use photo-points and 
ocular estimates), may 
be able to sample 1 
example of a cluster 

Problematic: each 
aquifer/groundwater 
recharge responds 
differently (some: water 
discharged is young); very 
sensitive to drought.  Are 
there trends?  Losing 
smaller ones, losing 
endemic spp, gaining 
weeds? 

GC Wildlands 
Council? (spring 
info).  Which springs 
have new vs. old 
water?  Need more 
inventory, more info 
on exotics & aquifers.  
Identify potential 
outside development 
affecting gardens. 

Sample every 
3 to 5 years, 
long-term 
monitoring 
(visit some 
more 
frequently to 
identify 
changes) 

Rare plant 
populations 

and their 
reproductive 
biology (TES, 

G1, G2, 
endemic G3) 

Compile/analyze 
existing info b/c 
we don't know 
much now; BLM 
in similar position.  
Know for a few 
species, but not 
most.  NPS has 
federal mandate 
(T&E) but trouble 
meeting this b/c of 
staffing, etc. (I&M 
needs to claim 
WASO money for 
plants).  Role of 
I&M: high priority 
for tracking 
endemics, other 
non-listed G1 and 
G2 spp. 

Urgent for TES, 
some endemics may 
be OK, but depends 
on stressors.  Pick 
indicators of 
fragmentation, 
climate change, etc. 
(regional trends), 
plus ones in danger 
of extinction, plus 
spp. sensitive to 
changes in 
management 

Each spp may require 
its own sampling 
protocol; may be 
relatively easy to get at 
reproductive biology?  
May be able to group: 
e.g. annuals, 
succulents.  Could 
include use of integrity 
guidelines (using EO 
rank specs) for rapid 
assessment, ca. every 
5 years (to catch 
trends on large-scale), 
in conjunction with 
intense field sampling 
(->particularly with 
sensitive spp).  Need 
to define basic 
questions by spp. (and 
tailor sampling) 

More inventory; use multi-
tiered approach (need to 
use basic biology info to 
feed into protocols); 
assess if landscape-level 
trends exist (using rapid 
assessment techniques) 

Inventory; basic 
biology of species; 
assessment of NPS 
and other lands; BLM 
in similar process.  
Heritage Programs, 
CESU, native plant 
societies, volunteer 
programs (e.g. GC 
Trust), universities, 
agencies, tribes, 
scientists in parks 
program, parks that 
have foundations, 
Nat'l Fish and W 
Foundation (NFWF) 

Depends on 
tier; start with 
every 3 to 5 
years; ESA 
status review 
every 5 years 
(check with 
F&W); 
reproductive 
biology is 
basically a 
one-time 
assessment 
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Table G32.   Recommendations by the flora group on the role of NPS units, monitoring urgency, sampling strategies, sample monitoring 
questions, information gaps, key challenges, and potential collaborations for 3 flora signs related to plant communities.  

Candidate 
Vital Sign 

Role of NPS park units (do 
parks have the best 

examples?) 

What is monitoring 
urgency / under what 
conditions? (consider 

stressors and 
disturbance regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions   
(How best can we 

interpret changes in 
status and trends?  
What more do we 
need to know?) 

Info Gaps, Key 
Challenges, Potential 

Collaborations 

Native riparian 
areas 

Glen Canyon has good small 
patches of riparian (including TNC 
rare Salix gooddingii community); 
also have 50 mi of Escalante 
corridor.  Smaller areas like 
Walnut Canyon &  Bandelier have 
good small riparian communities.  
First order tributaries better than 
main stem; Escalante still has 
good riparian.  Large river 
systems?  Parks have some 
ungrazed riparian areas.  Tributary 
canyon in Grand Canyon in good 
shape.  Riparian communities 
don't have a lot of rare species, 
but important for animal 
communities.  Riparian 
communities a vital sign for many 
groups; rare as a community even 
though species not necessarily 
rare.  Lack of grazing important; 
wilderness areas without grazing 
probably have important riparian 
communities.  Include intermittent 
or ephemeral washes (e.g. at 
Mesa Verde, Petrified Forest).  

Invasive species include 
Tamarisk, Russian Olive, 
Siberian elm, potential for 
invasions high.  Fire is a 
problem in riparian 
communities, often human 
caused (e.g. Glen Canyon 
camping).  Top stressors 
especially for large riparian 
areas is altered 
hydrological regime; + 
watershed issues (e.g, 
water taken for agricultural 
or other purposes); most 
watershed issues out of 
NPS control (e.g. dam 
construction, operation); 
visitor impacts on water 
quality and agricultural use 
of land and water (park 
decisions on management 
e.g. Canyon de Chelly); 
invasive grasses in 
ephemeral drainages at 
Mesa Verde.  

Potential role for remote 
sensing, aerial 
photography, satellite (?) 
or other digital imagery; 
at Canyon de Chelly, 
want to use aerial 
photography to find 
populations of exotics in 
side canyons; need 
assessment of pre-
invasive conditions to 
consider in restoration 
goals; important role for 
historical photos; on-the-
ground sampling may 
not be best way to 
detect changes; photos 
may be good way to 
monitor, along with a 
quick assessment of 
species composition and 
condition, recruitment, 
and substrate.  
Sampling non-natives 
important.   

Cover, composition, 
structure, stream flow (link 
to aquatic workshop); 
understanding natural 
hydrological regime, 
frequency of disturbance. 

Historical composition and 
historical hydrological regime 
and frequency of disturbance; 
knowledge of watershed 
condition and flows; water use 
and control upstream (e.g. 
check dams at Canyon de 
Chelly, major dams); influence 
of beavers on riparian 
communities (e.g. Glen Canyon 
where beavers are cutting down 
mature trees); collaborators 
include BOR, tribes, BLM and 
USFS; need to develop rating 
system; there is HGM, a multi-
agency system; also a new 
method IBA (Integrated 
Biological Assessment), should 
find out more; NM Heritage 
developed classification for 
riparian and wetland 
communities; get copy of 
Colorado TNC classification and 
assessment of wetland and 
riparian areas (find on web); 
need for riparian classification 
on Colorado Plateau; 
challenges presented by 
managing a river corridor; 
potential challenge coming from 
increased energy development 
in San Juan Basin and other 
areas; potential effects from 
healthy forests initiative. 
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Candidate 
Vital Sign 

Role of NPS park units (do 
parks have the best 

examples?) 

What is monitoring 
urgency / under what 
conditions? (consider 

stressors and 
disturbance regimes) 

Sampling strategies 
(how do we 
implement 

monitoring in 
space/time to be 
cost-effective?) 

Monitoring Questions   
(How best can we 

interpret changes in 
status and trends?  
What more do we 
need to know?) 

Info Gaps, Key 
Challenges, Potential 

Collaborations 

Ground 
water/water 
table level in 
riparian 
communities 
and hanging 
gardens 

Ground water conditions 
influenced by conditions outside 
the park need to be accounted for 

High urgency due to on-
going drought and use of 
water sources; long-term 
drought may have high 
impacts on hanging 
gardens; don't know how 
hanging gardens survive 
periodic drought; some 
evidence for long-term 
survival in relictual 
communities; ground water 
pumping outside park 
boundaries increasing; in 
some cases, this has a 
direct effect on aquifers 
that feed springs; changing 
precipitation patterns may 
affect ground water 

Very expensive and time 
consuming, requiring 
wells for ground water 
and water table; 
monitoring discharge for 
springs is a surrogate for 
monitoring ground water 
directly 

What influence do exotic 
tree and shrub species 
have on ground water?  
Are exotic species 
changing stream channel 
morphology?  How does 
agriculture affect ground 
water quality? 

What is natural range of 
variation in water discharge in 
hanging garden systems?  Is 
there an effect on these 
systems from water use by 
parks?   

Upland old-
growth 
woodland/forest 
stands 

Oldest Douglas fir in NA found in 
El Malpais; old growth PJ in Mesa 
Verde, Glen Canyon, Grand 
Canyon, perhaps Walnut Canyon; 
Wupatki for old growth juniper; El 
Morro alligator bark juniper and 
pinyon; lack of grazing and logging 
on most NPS lands; NPS lands 
smaller in area but in better 
condition than those on other 
lands 

Stands have potential to 
disappear due to threats 
(e.g. fire); NPS 
management decisions 
about fire may sometimes 
be in error on timing and 
role in various ecosystems; 
climate change also may 
threaten; disease and 
predation; disturbance 
regimes not as frequent as 
for riparian communities; 
urgent to monitor if fire is 
used as management tool 
or accidental ignitions 

Use traditional forest 
sampling techniques, 
structure, dbh, etc.; for 
woodland species, dgl 
(diameter at ground 
level) better; associated 
species in understory 
(e.g. orchids) important 
to monitor also; species 
composition of 
understory vegetation; 
orchids are indicators for 
old-growth in some 
situations; potential for 
different diameters of old 
growth at different 
elevations 

Establish baseline in order 
to be able to detect change 
in future; understory may 
change more rapidly 

Don't know if old-growth stands 
act as repositories for 
biodiversity that have been lost 
in other areas; paired sampling 
with other stands?  Don't know 
extent of old growth in past; also 
don't know current distribution of 
old-growth in parks; need to 
define old-growth for different 
species; USFS potential 
collaborator, check their 
definitions for old growth in 
ponderosa pine forests, and 
Douglas fir forests 
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Wildland Values 
Date:  April 20-21, 2004 
Location:  Northern Arizona University, Flagstaff, Arizona 
 
Participants:       Organizers/Participants:
Gary Bell, The Nature Conservancy    Chris Lauver, NPS/SCPN 
Heidi Kloeppel, Grand Canyon Wildlands Council  Steve Fettig, NPS/Bandelier 
Peter Landres, Aldo Leopold Wilderness Research Institute 
Dave Lime, University of Minnesota    Data Managers / Notetakers:
Chris Luginbuhl, US Naval Observatory, Flagstaff  Julie Atkins, NAU/NPS 
Bob Manning, University of Vermont    Nicole Tancreto, NPS/SCPN 
Dave Ostergren, Northern Arizona University 
Linda Jalbert, National Park Service   
Fred Moosman, National Park Service 
Brad Shattuck, National Park Service 
Lisa Thomas, National Park Service 
Pat Thompson, National Park Service 
Paul Whitefield, National Park Service 

 
Background 
A day and a half workshop was held to develop a prioritized list of candidate vital signs relating to 
wildland values on the southern Colorado Plateau.  The workshop was attended by experts from NPS, 
cooperating agencies, the academic community, and park representatives.     
 
Workshop Scope 
This workshop is one in a series to identify and evaluate vital signs for monitoring across network parks.  
In general, the scope of the workshop is on the qualities relating to the human experience of wildlands.  
SCPN parks have identified these qualities as important park resources.  Values associated with 
wildlands include (among others) wilderness, natural soundscapes, and dark night skies.  Over 750,000 
hectares within SCPN parks are designated or proposed as wilderness.  We took a broad approach in 
discussing environmental elements that represent healthy wilderness and wildlands as viewed through 
the filter of users of such lands.  Monitoring the ecological and social conditions of wilderness may 
provide managers with information needed to preserve wilderness and wilderness-related qualities. Dark 
night skies, a hallmark of southwestern landscapes, can still be found in many SCPN units.  
Predominantly natural soundscapes still occur but are becoming rare.  Qualities such as natural quiet and 
dark night skies are considered here because of their societal value and because they may also be linked 
to ecological integrity.  
 
Workshop Summary 
Evaluating Candidate Vital Signs 
Following presentations and discussions of the workshop objectives, significant park resources and 
issues, monitoring wilderness character (by Peter Landres), and the vital sign selection process, the 
group (working individually) nominated 45 vital signs.  Many of these signs were duplicative (e.g. 7 signs 
all pertained to dark night skies).  The 45 signs were discussed individually by the group and were 
revised, modified, and combined into a total of 24 signs (Table G33).   
 
To prioritize the vital signs, participants then evaluated each vital sign (working individually) by applying a 
set of criteria statements in four areas (ecological significance, management significance, feasibility and 
cost of implementation, and data utility and application).  Note:  Because the criteria statements posed in 
ecological significance did not apply well to some of the signs nominated for this workshop, it was 
recommended to amend the application of these statements to include “Ecological and social 
significance”.  The average score for each vital sign using just the ecological and management 
significance criteria are shown in Table G34, and the final scores using all 4 areas of criteria are shown in 
Table G35.     
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Results of the ranking surveys are shown in Table G36.  After reviewing the initial results (see Discussion 
below), the group decided to revise the initial list of vital signs and created a new, final list of signs.  To 
create a priority ranking of this final list of signs, the group reran the selection of sets, and these final 
results are shown in Table G37, with descriptions of the vital signs following the table.   
 
Discussion Summary 
When the criteria and set results were presented to the group and discussed, there was a general 
consensus from the group that these results did not adequately reflect their priorities, nor were they the 
proper characterization of vital signs related to wildland values.  Several problems in the nominating and 
evaluation process were identified and discussed, including: 1) a lack of direction regarding the scope of 
the topic; 2) duplications of some signs that were already covered by other workshops; 3) the lack of a 
conceptual model that could help guide the vital sign selection process and further define the workshop 
scope; 4) discrepancies in the levels of specificity of many signs (some were general, some were quite 
specific); and 5) a lack of time to discuss the initial list of nominated signs (to define, modify, and combine 
signs to achieve a more even level of specificity of the signs, and agreement on scope). 
 
Given this level of dissatisfaction with the initial results, the group then discussed several approaches on 
how to proceed.  The group initially considered spending time developing a conceptual model of wildland 
values, but given time constraints and the difficulty of modeling as a group exercise, this proposal was 
discarded.  However, Peter Landres did develop and present a brief form of a conceptual model (see 
Figure G2 below) that facilitated further discussion of vital sign definition and refinement.   
 
 
WILDLAND VALUE = the benefits and meaning of experiencing a wild ecological system. 
 
Key attributes of experiencing wild ecological systems: 
Natural water   
Wildlife     Experiencing = Requires:  
Cultural resources    1.  presence 
Air quality     2.  opportunities (function of) 
Disturbances      a. condition of attribute 
Night sky      b. management setting 
Ground-level darkness 
Natural sound 
Natural scenery 
Solitude 
 
Threats: 
Visitor use 
Predator control 
Dammed rivers 
Exotic species (include livestock) 
Surrounding land uses 
Manipulation of ecological systems 
Regulations 
 
 
Figure G2.  A brief, conceptual model of wildland values developed by Peter Landres. 
 
After discussing Peter’s model above, the group decided to review the list of highly-ranked vital signs, and 
to create a new, modified list that more directly aligned with their concepts of vital signs relating to 
wildland values.  In this exercise, the group dealt with some of the problems mentioned above in 
developing the new list, including:  throwing out signs that were either already covered by another 
workshop or were beyond the scope of this workshop; retaining or creating signs that had a more even 
level of specificity (e.g. eliminating general signs); and retaining or modifying signs from the initial list and 
creating new ones to more directly capture and define a particular vital sign.  During this process, a 
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supplemental list of signs was compiled (see list on next page) that were recommended as important 
signs related to wildland values, but were felt to be beyond the scope of this workshop or covered from 
other workshops; these signs were thus excluded from the final list.  The revised, final list of wildland 
values signs is shown in Table G37, with descriptions of each sign following the table.   
 
There was a brief discussion on how to achieve a priority ranking of the final list of signs.  The group 
decided not to go through the evaluation criteria forms again because of the problems in relating some of 
the criteria statements (particularly those in ecological significance) to the signs.  Thus, to create a priority 
listing for the final list, the group decided to redo the selection of the sets of signs (i.e., top 1, top 3, and 
top 5), and these results are shown in Table G37.   
 
Signs recommended by the Wildland Values group, but covered from other workshops or beyond 
the scope of this workshop: 
 
Air quality / visibility 
 
Climate / precipitation 
 
Biodiversity of selected taxonomic groups within NPS areas 
 
Surrounding land use 
 
Free-flowing water sources and condition  
 
Table G33.  List of 24 candidate vital signs initially nominated by the wildland values group. 

Candidate Vital Sign 
Wildness experience quality Land use and management designation 

Status / trends of wilderness character Aggregate management actions over time 
Status / trends of wild ecological systems 
unmanipulated by modern humans Surrounding land use (changes in) 
Solitude (use level) Impacts of visitor use 
Sound Carrying capacity 
Night sky condition Park attendance 

Night landscape condition 
Fish and wildlife types, numbers, distribution, 
and habitat 

Air quality / visibility Climate / Precipitation (pattern) monitoring 
Natural scenery (characteristic of Colorado 
Plateau) Appropriate type and level of information 

Bolt & chalk-free cliff faces 
Biodiversity of selected taxonomic groups 
within NPS area 

Human development 
Status/trends in opportunities for visitors to 
experience a wild environment 

Free-flowing water sources and condition Status/trends of cultural resources 
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Table G34.  Prioritized list (with scores scaled to 10) of candidate vital signs from two sets of 
evaluation criteria, and their averages from wildland values group. 

 Candidate Vital Sign 

Ecological 
Significance 

(Mean 
Score) 

Management 
Significance 

(Mean 
Score) 

Average of 
Management & 

Ecological 
Significance 

Scores 

Climate / Precipitation (pattern) monitoring 9.36 9.36 9.36 

Free-flowing water sources and condition 9.36 8.85 9.10 
Biodiversity of selected taxonomic groups within 
NPS areas 9.36 8.34 8.85 
Status / trends of wild ecological systems 
unmanipulated by modern humans 9.49 8.21 8.85 

Air quality / visibility 8.85 8.46 8.66 

Sound 8.59 7.31 7.95 

Impacts of visitor use 7.31 8.34 7.82 

Night sky condition 8.46 7.18 7.82 

Status / trends of wilderness character 8.08 7.44 7.76 

Status / trends in opportunities for visitors to 
experience a wild environment 7.57 7.18 7.37 

Surrounding land use (changes in) 7.82 6.54 7.18 
Fish & wildlife types, numbers, distribution, and 
habitat 7.44 6.67 7.05 

Aggregate management actions over time 6.92 6.80 6.86 

Status / trends of cultural resources 6.41 7.31 6.86 

Solitude (use level) 7.18 6.16 6.67 

Natural scenery (characteristic of CP) 6.28 6.92 6.60 

Wildness experience quality 6.41 6.80 6.60 

Human development 6.03 7.18 6.60 

Land use and management designation 6.67 6.28 6.48 

Park attendance 5.26 7.05 6.16 

Night landscape condition 5.77 4.87 5.32 

Carrying capacity 4.62 5.77 5.19 

Type and level of information 2.69 4.87 3.78 

Bolt & chalk-free cliff faces 2.95 2.69 2.82 
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Table G35.  Prioritized list (with final scores scaled to 10) of candidate vital signs, generated by 
the additive scores from four sets of weighted evaluation criteria from wildland values group.    

Candidate Vital Sign 

Ecological 
Significance 

(weight = 
.35) 

Management 
Significance 
(weight = .35) 

Cost & Feasibility 
(weight = .15) 

Data Utility 
& 

Application 
(weight = 

.15) 
Final 
Score 

Free-flowing water sources 
and condition 3.3 3.1 0.9 1.3 8.6 
Climate / Precipitation 
(pattern) monitoring 3.3 3.3 0.9 0.9 8.4 

Air quality / visibility 3.1 3.0 1.0 1.2 8.3 
Biodiversity of selected 
taxonomic groups within NPS 
areas 3.3 2.9 0.7 1.2 8.1 
Status/trends of wild 
ecological systems 
unmanipulated by modern 
humans 3.3 2.9 0.7 1.1 8.0 

Sound 3.0 2.6 1.0 1.2 7.8 

Night sky condition 3.0 2.5 1.0 1.1 7.6 

Impacts of visitor use 2.6 2.9 1.0 1.1 7.6 
Status / trends of wilderness 
character 2.8 2.6 0.9 0.9 7.3 
Surrounding land use 
(changes in) 2.7 2.3 1.0 0.9 6.9 
Status / trends in 
opportunities for visitors to 
experience a wild 
environment 2.6 2.5 0.8 0.9 6.8 

Solitude (use level) 2.5 2.2 1.2 0.9 6.8 

Human development 2.1 2.5 1.2 0.9 6.7 

Wildness experience quality 2.2 2.4 1.2 0.9 6.6 
Fish & wildlife types, 
numbers, distribution, and 
habitat 2.6 2.3 0.7 1.0 6.6 

Park attendance 1.8 2.5 1.4 0.8 6.6 
Status / trends of cultural 
resources 2.2 2.6 1.0 0.8 6.5 
Aggregate management 
actions over time 2.4 2.4 0.9 0.8 6.5 
Land use and management 
designation 2.3 2.2 1.1 0.8 6.5 
Natural scenery 
(characteristic of CP) 2.2 2.4 0.9 0.9 6.5 

Night landscape condition 2.0 1.7 0.9 0.9 5.6 

Carrying capacity 1.6 2.0 0.6 0.7 5.0 

Type and level of information 0.9 1.7 1.0 0.5 4.1 

Bolt & chalk-free cliff faces 1.0 0.9 1.2 0.6 3.8 
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Table G36.  Initial results from all participants of wildland values workshop obtained from the 1st 
round of picking sets, showing the number of times a vital sign was picked as the single, most 
important sign, or as part of the top 3 or top 5 signs, and total number of times picked in any set.  

Number of times included 
Vital Sign In Top 1 In Top 3 In Top 5 In a Set 
Status / trends of wild ecological systems 
unmanipulated by modern humans 4 3 7 14 
Night sky condition 2 7 9 18 
Status / trends in opportunities for visitors to 
experience a wild environment 2 3 4 9 
Status / trends of wilderness character 2 2 3 7 
Wildness experience quality 2 1 4 7 
Climate / Precipitation (pattern) monitoring 1 1 1 3 
Sound  4 8 12 
Biodiversity of selected taxonomic groups 
within NPS areas  4 5 9 
Impacts of visitor use  4 4 8 
Free-flowing water sources and condition  3 4 7 
Solitude (use level)  3 3 6 
Air quality / visibility  2 4 6 
Status / trends of cultural resources  2 2 4 
Surrounding land use (changes in)   4 4 
Natural scenery (characteristic of Colorado 
Plateau)   1 1 
Carrying capacity   1 1 
Aggregate management actions over time   1 1 

 

 D-64 



Southern Colorado Plateau Network Phase Three – Support Document D – Topical Workshop Sample Agendas & 
Forms 

 
Table G37.  Final results from all participants of wildland values workshop obtained from 2nd 
round of picking sets, showing the number of times a vital sign was picked as the single, most 
important sign, or as part of the top 3 or top 5 signs, and total number of times picked in any set.  

Number of times included 

Vital Sign In Top 1 In Top 3 In Top 5 In a Set 

Night sky condition 3 6 9 18 

Experiential benefits 3 3 6 12 

Sound 1 5 11 17 
Physical evidence of modern 
development 1 5 6 12 

Solitude 1 5 5 11 

Impacts of visitor use 1 4 8 13 

Natural scenery 1 3 4 8 

Management imprint 1 2 4 7 

Ecosystem manipulations  1 1 2 

Night landscape condition   2 2 
 
 
Candidate Vital Sign Descriptions 
Night sky condition:  The visibility of stars and other natural components of night skies.  Dark night skies 
within park units are diminishing resources because of internal and external anthropogenic activities.      
 
Experiential benefits:  Includes monitoring several human-oriented benefits derived from experiencing 
wildlands.  These benefits include (but are not limited to) self-discovery, self-reliance, learning, 
camaraderie, interconnectedness with nature, and the “wow factor.” 
 
Sound:  Describes the natural soundscape condition (or biophony) of wildlands and adjacent areas, 
including anthropogenic sound and its effect on the natural soundscape. 
 
Physical evidence of modern development:  This sign monitors the physical presence or evidence of 
modern (post-settlement) development within or near wildlands, including (for example), bridges, trails, 
signage, fencing, and toilets. 
 
Solitude:  This sign monitors solitude within wildlands by tracking (for example) the number of people 
seen or heard by those experiencing wildlands (or the way in which the presence of people interferes with 
the experience of wildlands). 
 
Impacts of visitor use:  Monitors the physical impacts of visitor use (both ecological and aesthetic 
impacts), and includes tracking impacts such as litter, vandalism, social trails, campsite degradation, and 
human-damaged trees.  
 
Natural scenery:  Describes the viewshed of wildlands and their dynamics, including changes in their 
ecological attributes and in surrounding land use.  Monitoring this sign may be as simple as taking 
photographs of representative or characteristic wildlands every 20 to 50 years, and evaluating observed 
change. 
 

 D-65 



Southern Colorado Plateau Network Phase Three – Support Document D – Topical Workshop Sample Agendas & 
Forms 

 
Management imprint:  Describes the collective (modern) management actions that have occurred within 
wildlands, including permitting, regulations, zoning, park operations, and authorizations for manipulating 
ecosystems.  (Related to Land use and management designation vital sign that was nominated by the 
landscape group).   
 
Ecosystem manipulations:  Describes the administrative history of management actions taken on 
wildlands within park units (and surrounding lands if needed).  Monitoring this sign may include 
developing or acquiring spatial data sets that “map” the type and extent of various management actions. 
 
Night landscape condition:  Describes the direct visibility of light fixtures from within wildlands, resulting 
from fixtures within or near the wildland.  
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Sample Agenda 

NPS, Southern Colorado Plateau I&M Network  
Landscape Pattern and Land Use Change Workshop  

March 9 and 10, 2004  
Courtyard Marriott, Farmington, New Mexico  

 
Tuesday, March 9  
 
Introductions Lauver/All 8:15 – 8:20  
 
Workshop Objectives and Program Overview  Lauver 8:20 – 9:00  
 Questions/Discussion  
 
Park Resources/Issues relating to Workshop Topic  Tancreto 9:00 – 9:30 
 Questions/Discussion   
 
Break    9:30 – 9:45 
 
An Ecological Approach to Monitoring Change Lauver 9:45 – 10:05 
 Around Protected Areas (from Andy Hansen) 
 
Vital Signs Selection Process; Results from Lauver 10:05 – 10:30 
 Previous Workshops; Discussion   
 
Workshop Task #1 (working individually):   
      Generating Candidate Vital Signs   10:30 – 11:45 
 
Lunch    11:45 – 1:00 
 
Workshop Task #2 (working as a group):     1:00 – 3:00 
 Review the List of Vital Signs (Define signs, 

restate/clarify similar ideas, assess 
specificity, reduce list if necessary)  

 
Break   3:00 – 3:15 
 
Criteria for Vital Signs Evaluation; Vital Sign Sets Lauver 3:15 – 3:45  
 Discussion   
 
Workshop Task #3 (working individually):    3:45 – 5:00 
 Evaluate Candidate Vital Signs and 

Propose Candidate Sets; Turn in all forms 
 
Adjourn for the Day  
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NPS, Southern Colorado Plateau I&M Network  

Landscape Pattern and Land Use Change Workshop  
March 9 and 10, 2004  

Courtyard Marriott, Farmington, New Mexico  
 
Wednesday, March 10  
 
Present Results of Vital Sign Rankings and Sets  8:30 – 9:30 
 Discussion 
 
Workshop Task #4 (working as a group)  9:30 – 10:00 
 Discuss which data are best suited to monitor vital signs, 
 desired scales, and potential measures 
 
Break    10:00 – 10:15 
 
Continue Discussion of Task #4  10:15 – 11:45 
 
Lunch   11:45 – 1:00 
 
Workshop Task #5 (working as a group)  1:00 – 2:45 
 Discuss monitoring questions for key vital signs 
 and identify key challenges 
 
Wrap-up and Conclude  2:45 – 3:00 
 
 
 
 
 
List of Participants 
 
Sam Drake, AZ Remote Sensing Center, UA 
Mark Drummond, USGS 
Brad Reed, USGS 
Dave Theobald, Colorado State University 
Kathryn Thomas, USGS 
Allan Loy, National Park Service 
Mike Medrano, National Park Service 
Steve Mietz, National Park Service 
Chris Lauver, National Park Service 
Nicole Tancreto, National Park Service 
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Desired Minimum 
Spatial Resolution   

 < 1m   
5 m   

10 m   
30 m   
100 m   
250 m   
1 km   

 
Nomination Form 
Nominator:   
Workshop:  Landscape Pattern 

 
 

SCPN Vital Signs -  Nomination Form 
 
Candidate Vital Sign:  
 
 
Vital Sign Category  
(check the most appropriate category): 
 
 
 
 
 
 
Description / Definition:   
 
 
 
 
 
 
 
 
Level of spatial and temporal resolution, and extent (check appropriate levels): 

 
  

 
 
Related Stressors: 
 
 
 
Monitoring questions addressed: 
 
 
 
 
 
Why is this vital sign important? 

Desired Temporal 
Scale of Product   

Daily   
Monthly   
Seasonally   
Annually   
Every 5 years   
Every 10-15 years   
    

Scope (Extent)   
Patches w/in a Park   
Park only   
Park + Buffer Area   
Primarily outside Park   
Network-wide   

Vegetation   
Land use / Land cover   
Human Demography / Stressors   
Upland Soil / Water Function   
Stream / Wetland Hydrologic / 
Geomorphologic Function   
Disturbance (fire, extreme climate events)   
Other   
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SCPN Vital Sign Evaluation Criteria

Vital Signs that are physical drivers

Vital Signs that are ecosystem components/processes or stressors

Ecological and Management 
Significance
•is a central driver of ecosystem 
dynamics.
•will support monitoring and 
interpretation of results related to 
other ecosystem components and/or 
processes.
•will contribute to larger, 
collaborative efforts to understand 
ecosystem dynamics and/or trends 
in resource condition.

Y S N

Comments:

Ecological Significance
•reflects or influences an important ecosystem component or key characteristic of 
ecosystem integrity.
•has a demonstrated link with the ecological function or critical resource it is 
intended to represent or affect.
•integrates ecosystem stresses over space and time, or is an overall indicator of 
ecosystem condition.

Comments:

Y S N

Comments:Data Utility and Application
•displays a high signal to noise ratio (likely to detect ecologically significant changes within a 
reasonable timeframe).
•is responsive to stressors and/or sensitive to change in the condition of related resources.
•produces results that are interpretable and are easily communicated and understood by 
scientists, policy makers, managers and the public.
•is linked to multiple monitoring questions or ecosystem structure/function components.

Y S N

Vital Sign:

Evaluator:  

Y = Yes; S= Somewhat; N = No

Feasibility and Cost of Implementation
•monitoring methods are well-documented (or are feasible to develop).
•relatively cost-effective to monitor (consider sampling complexity, frequency & extent).
•logistical requirements of monitoring can be met feasibly.

Y S N Comments:

Management Significance
•has high management importance relative to other resources and/or resource 
concerns or issues.
•its information has great potential to support management decisions and/or 
influence outside decisions.
•is anticipatory of changes in resource or ecosystem condition or integrity.

Comments:

Y S N

Workshop Vital Signs Evaluation Form 

So
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Workshop Sets Selection Form 
Workshop:  Evaluator:  

 
 

SCPN Form to Select Sets of Vital Signs  
 

Directions:  Please list, in order of priority from highest to lowest, the following 3 sets of vital signs: 
 

•  to monitor.  The most important vital sign

• The best set of 3 vital signs. 

• The best set of 5 vital signs. 
 
In co si

 
1) plimentary in their information content. 

3) g of key resources and ecosystems, 
stressor-oriented monitoring to address high priority threats, and effectiveness monitoring to 
measure progress toward meeting performance goals. 

 
 

OP VITAL SIGN TO MONITOR: 

)   

 
5) 

 
 
 

mpo ng your sets, please consider the following criteria: 

The set of monitoring vital signs are com
2) The vital signs span a range of spatial scales, temporal scales (e.g. slow, moderate and fast 

response times) and ecological levels. 
The set of vital signs includes effects-oriented monitorin

T
 
 
 
 
TOP 3 VITAL SIGNS: 
 
1)         
 
2)    
 
3
 
 
TOP 5 VITAL SIGNS: 
 
1)   
 
2)   
 
3) 
 
4) 
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