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Executive Summary
Integrated Monitoring for Sustainability (IMfoS) was developed over a series of workshops, interviews 
and surveys and implemented on the ground as the beginning of a long-term monitoring plan in 2005. 
The goal of IMfoS is to be comprehensive enough provide the infromation necessary to make manage-
ment decsions regardin the Diablo Trust’s three part goal; this goal includes quality of life, forms of 
production, and landscape and resource base goals.  The results from IMfoS are meant to be used in de-
termining progress Diablo Trust, as a group, is making towards their goals.  Progress is assessed by the 
use of the Holistic Ecosystem Health Indicator framework (Aguilar 1999); this framework allowed the 
members of the Diablo Trust to determine the value of the 49 indicators measured through the monitor-
ing.  The HEHI framework also provides a way for the landscape, the communities surrounding it and 
the collaborative group itself to be monitored.  This is possible because of the design of the HEHI frame-
work; it is hierarchical in nature and combines values from the measured indicators into categories, these 
categories together make up the three branches of the framework: ecological, social and interactive.  The 
indicators and their respective scores were decided upon by stakeholders within the Diablo Trust; the 
scores are representative of that particular indicator and its level of importance to the landscape and the 
collaborative.

After the initial monitoring of 2005, it was determined that more ecological study plots should be added 
and some should be eliminated. This decision resulted in a total of 77 permanent ecological study plots 
across the 426,000 acre landscape. It was also decided that the communities of Happy Jack, AZ and 
Mormon Lake, AZ would not be sampled in the 2008 effort. 

In order to maintain the long term effort of this monitoring program, a second round of monitoring was 
conducted in 2008 (ecological) and in 2009 (social/interactive), this effort was successful, but not to the 
extent of the original; a large fraction of the ecological points were sampled, 51 out of 77 (some plots 
were eliminated and added to the original 68) and the social monitoring effort included the community 
of Blue Ridge, AZ alone. Ecological comparisons were also made between the two sampling years, the 
differences noted do not demonstrat a clear direction of range trend but will be helpful in determining 
trend with subsequent datasets. 

IMfoS is an ambitious monitoring program and a large commitment, both human resource and finance 
based is required to maintain the viability and sustainability of it; recommendations are made for the re-
finement of monitoring protocols as well as the level of collaboration that must exist for this multi-party 
monitoring program to be successful.
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Introduction & Background

The Diablo Trust, a local grassroots collaborative land management team, manages 426,000 acres of 
mixed public and private rangeland, in northern Arizona, southeast of Flagstaff (Figure 2).  The Diablo 
Trust land base ranges from 793 m to 2317 m, and mean annual precipitation across the landscape varies 
from 51 mm to 610 mm. Vegetation is typical of the semi-arid climatic zone, including desert shrublands 
and grasslands at lower elevations, and pinyon-juniper woodlands and ponderosa pine forests at higher 
elevations.

In order to understand the land and manage it efficiently and effectively the collaborative group identi-
fied five primary landscape zones (Figure 2) based on elevation and vegetation type.  Each zone is man-
aged for cattle grazing, watershed health, wildlife, recreation and forest health. The group’s mission is to 
ensure long-term economic, social, and ecological sustainability across the Diablo Trust land base (Diab-
lo Trust 2010).  For each zone, the group has identified desired vegetation conditions (Figure 1), and the 
development of the group’s monitoring program led them to identify targets or “benchmarks” for a host 
of variables describing the ecological and socio-economic conditions across the land base. However, 
progress toward desired landscape conditions and quality of life goals cannot be determined without a 
monitoring program that can identify relevant trends on the landscape, in the surrounding communities, 
and within the collaborative group itself.

 Figure 1. Landscape zones of the Diablo Trust management area. Adapted from Munoz-Erickson 2004.

In effort to maintain a long-term monitoring program, the Diablo Trust and its many stakeholders devel-
oped and implemented Integrated Monitoring for Sustainability (IMfoS); the first round of monitoring 
was carried out in the summer of 2005 and the second round started in the summer 2008 and carried 
over to the summer of 2009 (Social and Interactive branches only).  IMfoS is unique in that it 5



is pertinent at many levels and within many land management agencies (i.e., US Forest Service, Arizona 
Game and Fish Department, and Arizona State Land Department).

In order for this program to be successful it needs to be intensive enough to acquire a large dataset and 
sensitive enough to detect change over time.  While the datasets in 2008/09 were smaller than those in 
2005, change was detected on some levels and was not able to be determined on others. 

IMfoS and HEHI
Developed through intensive collaborative efforts begun in 2001to address the Diablo Trust’s organi-
zational goal of conducting robust monitoring, the Integrated Monitoring for Sustainability (IMfoS) 
program was launched in 2005 as a “comprehensive, efficient monitoring system on the Diablo Trust 
lands in order to provide information necessary to make the management decisions necessary to achieve 
Diablo Trust’s three-part goal” (Muñoz-Erickson et al. 2006).  This three-part goal addresses quality of 
life, forms of production, and the future landscape and resource base, and is made up of specific objec- 

      Figure 2. Holistic Ecosystem Health Indicator framework (Adapted from Munoz-Erickson 2010).

tives pertaining to ecological, social and economic themes.  IMfoS was designed as a long-term, com-
prehensive monitoring framework, and is based on the Holistic Ecosystem Health Indicator framework 
(HEHI), a method of organizing and quantifying indicators from social and ecological aspects of the 

Introduction & Background
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area (Aguilar 1999).   This framework contains three branches, each of which is made up of categories 
and indicator variables that are measured and then scored (Figure 2).

The Ecological Branch is designed to give a broad perspective of the landscape condition and ecosystem 
health.  The Social Branch provides the collaborative group with an understanding of the socio-econom-
ic status of the ranches and the communities surrounding the Diablo Trust lands, and it also measures 
social outcomes and functionality of the collaborative group.  The third branch, the Interactive Branch, 
presents information regarding the linkages between social and ecological factors on the landscape, such 
as land use practices and management decisions.  The HEHI framework is set up to give scores to indi-
cators based on there distance from determined benchmark goals. The benchmark goal for each indicator 
was determined using scientific literature and expert opinion, using these values as a jumping off place, 
the collaborative group then decided on the final benchmark values for each indicator. Percentages were 
then determined for each indicator, a 100% score indicates that the indicator is at the benchmark value 
and a desired condition, if the score is  lower it is seen as further from the desired condition. The devel-
opment and refinement of benchmark values is further explained by Munoz-Erickson and others (2007).

The implementation of IMfoS provides a way for ecological, socio-economic and collaborative infor-
mation to be used in an adaptive management setting (Muñoz-Erickson et al. 2006). The data that drive 
IMfoS are collected by and acquired from many sources, from field measurements and information from 
diverse land management agencies, to census and interview data. This sort of cooperation can strengthen 
collaborative groups by involving multiple stakeholders in the collection, analysis, and interpretation of 
monitoring results (Fernandez-Gimenez et al. 2008). 

Introduction & Background
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Branch Category Indicator Data Source
Ecolocical Vegetation Perennial Grass Pace Frequency Plots

Annual Grass Pace Frequency Plots
Perennial Forb Pace Frequency Plots
Annual Forb Pace Frequency Plots
Shrub Pace Frequency Plots
Native Species Richness Pace Frequency Plots

Soil Quality Organic Matter Not Sampled in 2008
Soil Compaction Pocket Penetrometer

Watershed 
Health

Erodibility/soil surface stability Slake Test
Erodibility/ground cover Pace Frequency Plots
Erodibility/ tree canopy
Water Quality Not Obtained in 2008*
Riparian/tanks condition Not Obtained in 2008*

Primary Pro-
ductivity

Tree Canopy Cover GIS Data
Aboveground net primary productivity Not Obtained in 2008*

Wildlife Pronghorn Population AGFD Harvest Summary
Mule Deer Population AGFD Harvest Summary

Social Demographics Population 2000 US Census Data
Urban:Rural Ratio 2000 US Census Data
Education Level Community Survey

Income Income Community Survey & Ranch 
Survey

Retirement Income Community Survey
Income inequality 2000 US Census Data

Economic 
Stability

Economic inequality 2000 US Census Data
Farm and agricultural services 2000 US Census Data
Specific to Ranches Ranch Survey

Collaborative 
Process Out-
comes

Representation and Group Process CPS
Communication CPS
Organizational Capacity CPS
Pereceived Impacts to the Ranches Ranch Survey
Decision-making CPS
Perceived Impacts CPS

Community 
Strength and 
Well-being

Participation Community Survey
Adequate Access to services Community Survey
Community Satisfaction Community Survey

Table 1. The three branches of the Holistic Ecosystem Health Indicator (HEHI) model, categories within each branch and the   
measured indicators within each category; the source of data for each indicator is also listed.

Introduction & Background
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Interactive Land Use 
Practices

Forest Thinning Treatments GIS Data
Meets Antelope Standard ASLD Data
Pinyon-Juniper treatments AGFD Data
Ungulate grazing Ranch, AGFD, USFS Data
Recreation Not Obtained in 2008*

Awareness and 
Public Atti-
tudes

Awareness Community Survey
Management Effectiveness Community Survey
Attitudes towards land use practices Community Survey
Land Use Community Survey

Collaborative 
Process Out-
comes

Political Support CPS
Management CPS
Perceived Outcomes CPS

Implementa-
tion of Regula-
tions

Implementation CPS
Resources CPS

 
CPS - Collaborative Process Survey 
AGFD - Arizona Game and Fish Department 
ASLD - Arizona State Land Department 
USFS - US Forest Service

*Not obtained due to logistical complications in training data collectors

Introduction & Background
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Methods

SAMPLING

Social/Interactive Branch - The social branch is designed to assess the socio-economic factors 
affecting the communities surrounding the Diablo Trust as well as the ranches. The interactive branch is 
used to assess the linkages between ecological and social factors; the success of the collaborative group 
is also evaluated within this branch.

•	 Collaborative	Process	Survey
 Using the same questions from the paper-based survey distributed in 2005, we created an elec-
tronic  survey that was sent to 50 identified Diablo Trust members. Questions on this survey centered on 
aspects of the Diablo Trust including decision-making, management and operations, communication and  
outreach, and organizational capacity.

•	 Community	Survey
 This survey was also configured to an electronic version and sent to the Homeowners Associa-
tion email listserve in Blue Ridge, AZ, a total of 43 households.  this survey was used to gain insights in 
to the perceptions of government agencies, Diablo Trust’s presence, and regarding community aspects 
of Blue Ridge.  This survey also provided education and income data. The decision to sample only Blue 
Ridge was made based on previous participation and involvement levels from the other communities. 

•	 Census	Bureau	Data
 Data was acquired from the US Census Bureau website, www.factfinder.gov, for Coconino 
County, Arizona in blocks 3 and 4.  The data gathered from this website were unchanged from the 2005 
data because the 2000 Census was used in both monitoring years.

•	 Ranch	Survey
 Each ranch, Flying M and Bar T Bar, were given a survey to determine the effects of the Daiblo 
Trust on the ranches as well as to attain economic information.

Ecological Branch—This branch’s data were derived from field measurements taken from perma-
nent study plots, data gathered by agencies, and from spatial data (GIS images). Logistical constraints, 
limited field crews and transportation, and the collaborative group planning process placed constraints 
on efforts to resample the Ecological Branch indicators, resulting in several significant deviations from 
the 2005 IMfoS implementation i.e., reduced number of sample plots (Table 2), reduced time needed for 
complete training of data collectors and contributed to seasonal variation in data collection.
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•	 Ground	Measurements
 Protocols established for the initial 2005 monitoring were used in 2008 to acquire data for peren-
nial grass, annual grass, perennial forb, annual forb and shrub density at each study plot. Also, data   
was gathered for soil stability, soil compaction and ground cover (herbaceous, shrub, rock, bare    
ground and Bromus tectorum (cheatgrass)) at each plot. 
 
Table 2. IMfoS study plots sampled within each zone in the 2005 and 2008 monitoring effort, also included are changes made 

between after the 2005 monitoring season.

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Total 
plots

Number of Plots sampled in 2005 7 32 11 9 9 68
Number of added/deleted from 
2005 monitoring

0 -1, +9 
USFS plots

4 substituted 
NRCS plots

-1 + 2 NRCS 
plots

77

Total after 2005 monitoring 7 40 11 8 11 77

Number of Plots sampled in 2008 6 25 7 6 7 51*
* Twenty-six plots were not sampled in 2008 due to time and funding restrictions

Figure 3. Map of the Diablo Trust land area, 

the five landscape zones and the 51 ecological 

study plots sampled in 2008. 

Methods
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•	 Agency/GIS	Data
 Wildlife data were gathered from the Arizona Game and Fish Department website; this data 
consisted of pronghorn and mule deer population numbers. GIS data from ForestERA was used to assess 
tree canopy cover for the majority of the Diablo Trust land area.

 

    diablotrust.org    
   
                    ForestERA 2003

•	 Precipitation	Data
 Precipitation data was also acquired from the National Climatic Data Center website, the 2005 
and 2008 growing season data were compared for the weather stations in Flagstaff, Blue Ridge and Win-
slow, AZ.

ANALYSIS
In 2008/09, all measured indicators were evaluated using the HEHI framework (Munoz-Erickson 2005) 
to assign a value, this value was then compared to the establishe benchmark for that indicator, resulting 
in an overall score.  The score, represented as a percentage, was then compared to those calculated from 
the 2005 monitoring and scoring. These scores are not grades, but merely a way for the group to deter-
mine the progress toward ecological and social goals.  

Ecological factors were also compared between 2005 and 2008, these include plant frequency (perennial 
grass, annual grass, perennial forb, annual forb, and shrub), herbaceous ground cover, soil stability and 
soil compaction. Precipitation data were also compared to assess, qualitatively, the impact of climate on 
rangeland vegetation.

Methods
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Assessment of 51 IMfoS indicators, and their aggregation among categories and branches resulted in an 
overall HEHI value of 63.5% for 2008. This constitutes an improvement of 3.6% from the 2005 value of 
59.90% (Munoz-Erickson 2010). It is important to keep in mind that these percentages reflect the devia-
tion from “benchmark” or target values for each indicator. No evaluative judgment should be attached 
to the numerical score. Rather, inference regarding management effectiveness should be drawn from the 
direction and magnitude of change. In this case, the trend is in the desirable direction, and the magnitude 
of change represents a 6% improvement over 2005 levels, reflecting modest progress toward the goals of 
the Diablo Trust over the three-year sampling interval. The hierarchical design of the HEHI framework 
allows a detailed inspection of this broad-brush trend, first by examination of each of the three branches, 
and subsequently by breaking these down into categories and indicators, the latter being the finest level 
of detail for which discrete comparisons can be interpreted in the context of the collaborative group’s 
progress. Between 2005 and 2008, scores for each branch increased (Figure 3). Below we summarize the 
specific trends underlying changes in the three branches of the HEHI framework: Social, Interactive, and 
Ecological. 

 

 Figure 3. HEHI branch scores for 2005 and 2008 compared to benchmarks. The shape of the web chart is 

 determined by the number of items measured. Values near zero would be found in the center of the wheel 

 graph, while values approaching the benchmark value (100) would be located towards the outer extent of 

 the graph.

Results
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Results

The response rate from the online Collaborative process surveys was 52% (n = 26) and from the Com-
munity Survey sent electronically to the community of Blue Ridge and was 26% (n = 11).  The Social 
Branch of the HEHI increased in value from 59.6% in 2005 to 66.0% in 2009, an 11% increase. The 
largest changes came from the Collaborative Process Outcomes and Community Strength and Well-
being categories (Figure 4). 

 Figure 4. HEHI value changes in the social branch between 2005 and 2008, a noticeable difference in 

 community strength and well-being values is observed.

Within those two categories, the indicators that showed the greatest change were Organizational Capac-
ity, which increased from zero to 50% and the Perceived Impacts to the Ranches, which increased by 
25%. Partially offsetting these increases were smaller decreases in values for the Communication and 
Decision-making indicators.  The Communication indicator measures both the communication among 
stakeholders and the communication between management agencies and the Diablo Trust.  The observed 
decrease resulted from a lower level of agreement that the land management agencies are consistent and 
timely in their communication of new regulations and project implementation. The Decision-making 
indicator received a lower value in 2009 because the majority of the variables received slightly lower 
scores, with many less than 50% of their potential benchmark value. Variables measured within this indi-
cator are centered on perceptions regarding the decision-making power of the stakeholders, the organiza-
tional structure of the Diablo Trust and its effectiveness in moving actions toward goals, the
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ability of management agencies to inform and support decisions and follow through to implementation, 
and whether the time and effort spent making decisions collaboratively is justified because outcomes are 
of higher quality.  The lower values within this indicator were seen in the areas of stakeholder power in 
decision-making, Diablo Trust organizational structure, agency support and follow through in manage-
ment decisions and implementation.  

The large difference seen in the Community Strength and Well-being category is due to the increases of 
nearly 20% in values in the Participation and Adequate Access to Services indicators.  The Community 
Satisfaction indicator remained relatively constant between monitoring years.  The Economic Stability 
category remained the same because values for the indicators within this category are derived from the 
2000 census data.  

 Figure 5. Interactive branch differences between 2005 and 2008, only minor differences (up to 1.5%) were 

 detected.

No meaningful difference was found between the 2005 and 2008/09 HEHI values for the Interactive 
Branch (Figure 5).  However, some modest and offsetting changes may suggest trends worth noting 
within this branch, which captures the linkages between social and ecological trends. The values for 
Management Effectiveness and Land Use Indicators within the Public Attitudes category showed an 
increase of nearly 13% and a decrease of almost 7%, respectively. Changes in HEHI values, 

Results
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as determined from the Community Survey of 2009 are difficult to interpret because the response rate 
was low (26%), leading to a small sample size (11 individual respondants). Therefore, interpretation of 
the survey data was very limited.

 Figure 6. HEHI values for the ecological branch for 2005 and 2008; the most noticeable changes were 

 seen in Vegetation and Watershed Health.

Within the Ecological Branch of the HEHI we found minor differences in the values for most categories 
between 2005 and 2008. The biggest differences were observed in the Vegetation and Watershed Health 
categories (Figure 6). The difference in the value for the Vegetation category is due to higher frequen-
cies of perennial grasses, perennial forbs, annual forbs and shrubs in 2008, resulting in higher values for 
those indicators. The Watershed Health category received a lower score in 2008 due primarily to de-
creases in the soil stability measurements; this resulted in a value of 28.33% for soil stability compared 
to 46.61% from 2005, a 39% decline. Above-ground net primary productivity was not measured in 2005 
or 2008, due to cost and logistic constraints, and therefore the score for the Primary Productivity catego-
ry was determined only by Tree Canopy indicator.  The Wildlife category remained static because values 
for the mule deer and pronghorn indicators did not change between monitoring years.

Results
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Ecological Comparisons  
Vegetation and soil characteristics, in particular, provide sufficient resolution to allow finer-scale infer-
ence. In comparing results for 2005 and 2008, we found differences in plant category frequencies, soil 
stability, soil compaction and overal vegetative cover. The differences, in some cases are highly noti-
cable, while in others, the differences are small. 

Vegetation Category:	Plant	Frequency - Figures 7-11 demonstrate the differences between fre-
quencies in 2005 and 2008 in particular plant categories; these categories include shrub, perennial grass, 
annual grass, perennial forb, and annual forb.  Detailed plant species frequency within each landscape 
zone can be found in the Appendix.

Figure 7. Zone 1, Ponderose Pine 

forest, 2005 and 2008 plant frequen-

cies.  Differences are noted  in every 

plant category except annual grass.

 

Figure 8. Zone 2, Pinyon-juniper 

savannah, 2005 and 2008 plant 

frequencies.  Small differences are 

seen in all plant categories.   
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Figure 9. Zone 3, Grassland with 

pinyon-juniper, 2005 and 2008 plant 

frequencies. Differences are seen in all 

plant categories.

Figure 10. Zone 4, Grassland and mixed 

shrub, 2005 and 2008 plant frequencies. 

Noticable differences are seen in the 

shrub, perennial forb and annual forb 

categories. 
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Figure 11. Zone 5, Grassland 

and mixed shrub, 2005 and 

2008 plant frequencies. Dif-

ferences in frequencies are 

seen in all plant categories.

Watershed Health Category:	Vegetative	Cover - Total vegetative cover differed somewhat be-
tween years in all zones, but most apparently in Zone 5 and Zone 2 (Figure 12).  Of the original 51 study 
plots measured in 2008, twenty (in zones 3, 4 &5) were meausred at different seasons than in 2005, June 
in 2005 and September and October of 2008. The seasonality of data collection in the lower elevation 
zones (3-5) complicates the interpretation of these results.

Figure 12. Averaged percent 

vegetative cover (herba-

ceous and shrub) in 2005 

and 2008 by zone. Some 

differences are seen in all 

zones.
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Figure 13. Average soil stability                                              

by zone using the Slake Test. 

The biggest differences in soil 

stability are seen in the zones 1 

and 5.

Figure 14. Average soil com-

paction by zone using Pocket 

Penetrometer readings. Aver-

aged compaction measurement 

differ the most in zones 1 and 2.

Watershed Health and Soil Quality Categories:	Soil	Stability	and	Soil	Compaction - Soil 
stability and compaction differed substantially between 2005 and 2008 for some zones. The soil stability 
in Zone 1 was substantially lower in 2008, while in Zone 5 it was higher.  Soil compaction was lower in 
2008 in Zones 1, 2 and 4.

Results
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Precipitation
It is often suggested that precipitation is a major factor, perhaps the most important factor, in rangeland 
health in the Southwest. We have attempted to evaluate the impact of different amounts of precipitation 
between years 2005 and 2008 on our monitoring results. Monthly data were obtained  from the National 
Climatic Data Center for sites adjacent to Diablo Trust lands: Flagstaff in the northwest, Blue Ridge 
Ranger Station in the south  ( both adjacent to zones 1 and 2 ) and Winslow (adjacent to zones 4 and 5). 
Data were not available for zone 3. We used the four months prior to data collection as indicative of the 
growing season and obtained total precipitation for these months from Figures 15 a-c.

Data are summarized in Table 3. Though certainly not conclusive, they suggest that, at least across four 
of the five zones, precipitation in 2005 was equal to or substantially greater than in 2008. In particular, 
this indicates that the improvement in the Vegetation Category shown in Figure 6 is probably not due to 
differences in precipitation.

Figure 15a. Precipitation data for the 2004-05 and 2007-08 growing seasons in Flagstaff, AZ.

Results
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Figure 15b. Precipitation data for the 2004-05 and 2007-08 growing seasons from the Blue Ridge Ranger Station. 

Figure 15d. Precipitation data for the 2004-05 and 2007-08 growing seasons from Winslow.

The source for all the precipitation data is  http://www7.ncdc.noaa.gov/IPS/cd/cd.html?_page=0&jsessio
nid=A50481FDDB5BC9A82BAC9B6604E51C59&state=AZ&_target1=Next.

Results
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Results

Table 3. Growing season precipitation for 2005 and 2008.  

2005 2008
Weather Station Zones Month of data 

collection
Precipitation  
(in inches)

Month of data 
collection

Precipitation  
(in inches)

Flagstaff 1 & 2 July 5.3 July 0.7
Blue Ridge Ranger 
Station

1 & 2 July 3.0 July 1.2

Winslow 4 & 5 June 2.2 September 2.0
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Discussion and Recommendations

The IMfoS program and the HEHI framework are effective mechanisms for monitoring and evaluating 
social, economic and ecological changes and outcomes over time.  Through this kind of comprehensive 
monitoring changes within each branch of the HEHI framework can be detected.  While changes in 
the  HEHI values for the three branches indicate progress toward established benchmarks and goals, it 
is critical that these not be interpreted as trends, as of yet, only that this second iteration of monitoring 
and its results provide important data for future comparisons as well as indications of areas that need to 
addressed for the next monitoring effort (i.e., community surveying).  Meanwhile, it is important that the 
continuing commitment to this ambitious program come from within both the collaborative group and 
participating agencies and be thought of in the long term. Therefore, there must be open communication 
about the results of the monitoring as well as recommendations for future changes to measurements and 
protocols. This communication, among stakeholders and between the Diablo Trust and land management 
agencies, should remain constant and consistent over time; which will facilitate deliberative and collab-
orative decision making. 

As IMfoS continues, and with an increase in datasets, trends will become more apparent and the results 
from these monitoring efforts will feed into an adaptive management approach, as goals and decisions 
are adjusted. While climate continues to be a large factor in vegetation frequency and cover, consistency 
in sampling is crucial to the assessment of trends (Reeves et al. 2004); such consistency will allow for 
vegetation-precipitation-livestock trends to be identified without an increase in sampling error. 
Regarding sampling consistency in IMfoS, we recommend that the Diablo Trust reconsider their Com-
munity Survey and ecological sampling methods. Clear sampling protocols including seasonality of 
monitoring and the group responsible for data (agency, Diablo Trust, monitoirng crew, etc.) need to be 
outlined in order to assure sampling precision, quality data, and a collaborative effort from all monitor-
ing parties. We believe that with clear and rigorous protocols and communication between all stakehold-
ers, IMfoS has the ability to be a useful tool in land management decisions, long term trend detection 
and adaptive management.  Recommendations are outlined for every indicator within the Ecological, 
Social and Interactive branches  (Tables 2-4) and addressed below. 
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Discussion and Recommendations

Table 3. Indicators from the Ecological Branch and the recommendations for future monitoring efforts; the recommendations 
may include maintain protocol as-is, streamlining the protocol (maiking it less time and labor intesive), increasing the rigor 
or considering the elimination of an indicator. Examples of increasing rigor are more detailed sampling protocol and training 
and increased frequency of sampling.

Indicator Measured in 
2005

Measured in 
2008

Recommendation

Perennial Grass Y Y Maintain protocol as-is
Annual Grass Y Y Maintain protocol as-is
Perennial Forb Y Y Maintain protocol as-is
Annual Forb Y Y Maintain protocol as-is
Shrub Y Y Maintain protocol as-is
Trees N N Streamline (adopt remote 

sensing approach)
Native Species Richness Y Y Maintain protocol as-is
Organic Matter Y N Increase rigor
Soil Compaction Y Y Maintain protocol as-is
Erodibility/soil surface stability Y Y Maintain protocol as-is
Erodibility/ground cover Y Y Maintain protocol as-is
Erodibility/ tree canopy Y Y Maintain protocol as-is
Riparian Vegetation N N Increase rigor
Water Quality Y N Increase rigor
Riparian/tanks condition N N Increase rigor
Tree Canopy Cover Y Y Maintain protocol as-is
Aboveground net primary pro-
ductivity

N N Streamline (adopt remote 
sensing approach)

Pronghorn Population Y Y Maintain protocol as-is
Mule Deer Population Y Y Maintain protocol as-is

Regarding the Community Survey, we recommend that future IMfoS efforts involve new sampling 
endeavors to increase the response rate. Face-to-face surveys are time-consuming (Salant and Dillman 
1994), but the interactions are often more meaningful and have potential to generate very high response 
rates as well as encouraging participation and involvement in Diablo Trust activities. Costs of face-to-
face surveys should be evaluated with respect to the data and knowledge that might be gained from the 
individual interactions. While data from the US Census Bureau is comprehensive and accurate, it is not 
very timely with regard to the proposed IMfoS monitoring interval of 3-5 years.  
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Indicator Measured in 
2005

Measured in 2008/09 Recommendation

Population Y 2000 US Census used 
both years 

Increase rigor

Urban:Rural Ratio Y 2000 US Census used 
both years Y

Increase rigor

Education Level Y Y Increase rigor
Income Y Y Increase rigor
Retirement Income Y 2000 US Census used 

both years
Increase rigor

Income inequality Y 2000 US Census used 
both years

Increase rigor

Unemployment rate Y 2000 US Census used 
both years

Increase rigor

Farm and agricultural services Y 2000 US Census used 
both years

Increase rigor

Specific to Ranches Y Y Maintain protocol as-is
Representation and Group 
Process

Y Y Maintain protocol as-is

Communication Y Y Maintain protocol as-is
Organizational Capacity Y Y Maintain protocol as-is
Pereceived Impacts to the 
Ranches

Y Y Maintain protocol as-is

Decision-making Y Y Maintain protocol as-is
Perceived Impacts Y Y Maintain protocol as-is
Participation Y Y Maintain protocol as-is
Adequate Access to services Y Y Maintain protocol as-is
Community Satisfaction Y Y Maintain protocol as-is

A more timely data source for the unemployment and farm and agricultural services industry indicators 
is available from the Arizona Bureau of Labor Statistics office in Phoenix would be a better source of 
data. The use of supplementary data from Arizona Department of Security in Phoenix would provide 
useful county data every five years, to augment the more specific US Census data collected every ten 
years (Salant and Waller 1995). This would provide more comprehensive look at the retirement income 
and income inequality indicators.

Discussion and Recommendations

Table 4. Indicators from the Social Branch and the recommendations for future monitoring efforts; the recommendations may 
include maintain protocol as-is, streamlining the protocol, increasing the rigor or considering teh elimination of an indicator.
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For indicators that require collaboration with government agencies in the acquisition of the data we 
recommend an effort to increase the frequency of communication between the Diablo Trust Science 
and Monitoring Committee and the technical experts within the agencies. Increased communication in 
anticipation of and throughout the monitoring year would facilitate the transfer of new information, chal-
lenges and successes of IMfoS, strengthening the partnership between the Diablo Trust and the agencies.  
To this end, the data and subsequent results would be familiar to principal partners, who could update 
colleagues and constituents regularly, throughout the monitoring process. 

Table 5. Indicators from the Interactive Branch and the recommendations for future monitoring efforts; the recommenda-
tions may include maintain protocol as-is, streamlining the protocol, increasing the rigor or considering teh elimination of an 
indicator.

Indicator Measured in 2005 Measured in 2008/09 Recommendation
Forest Thinning 
Treatments

Y Y Streamline

Meets Antelope Stan-
dard

Y Y Streamline

Pinyon-Juniper treat-
ments

Y Y Streamline

Ungulate grazing Y Y Streamline
Recreation N N Streamline
Awareness Y Y Increase Rigor
Management Effec-
tiveness

Y Y Increase Rigor

Attitudes towards 
land use practices

Y Y Increase Rigor

Land Use Y Y Increase Rigor
Political Support Y Y Maintain protocol as-is
Management Y Y Maintain protocol as-is
Perceived Outcomes Y Y Maintain protocol as-is
Implementation Y Y Maintain protocol as-is
Resources Y Y Maintain protocol as-is

 Discussion and Recommendations
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We feel that, with the consideration and implementation of some or all of these recommendations, IM-
foS will be able to maintain program efficacy, and the interest of all parties, including the Diablo Trust, 
will sustain this approach to collaborative monitoring into the future. Future success, and ability to in-
form management decisions, very likely rests on the ability of the collaborative to refine IMfoS, sustain 
a high level of commitment, and demonstrate its utility to land managers, including ranchers. We believe 
that these refinements will increase the efficiency and practicality of IMfoS in producing more accurate 
and reliable data on which to base future land management decisions.

It is also important for the Diablo Trust to continue to revisit, refine, and articulate benchmarks and 
goals, as well as fine tune monitoring protocols, and evaluation methods.  However, this must be done 
while maintaining a fundamental consistency over time and with more sampling iterations. Collabora-
tive natural resource monitoring is not easy and undertaking it requires sound science, the ability and 
willingness to learn from the data and new information.  Continued progress towards goals will require, 
in addition, the ability to take action on the basis of monitoring results, something that is unlikely with-
out broad and deep support for the program and trust in it outcomes.

For	more	information	about	IMfoS	or	the	Diablo	Trust	please	visit	our	website	www.diablotrust.org,	or	
contact	us	at	info@diablotrust.org

Discussion and Recommendations
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Appendix

Species Frequency by Zone

The figures in this Appendix are graphs of the grass, forb and shrub species within each zone that had 
a frequency in either 2005 or 2008 of 2% or greater. The species are listed using their common name 
and there is a species list of scientific names of all species identified with an overall frequency of 1% or 
greater. It should be noted that in Zones 3, 4 and 5 were sampled in June of 2005 and in September of 
2008; the frequency of annuals may have been influenced by this.

Figure 1a. Grass frequencies from Zone 1 - Ponderosa Pine forest.

Figure 1b. Forb and shrub frequencies for Zone 1, Snakeweed (Gutierrezia	sarothrae) is the only shrub in this zone with a 
frequency higher than 2%.

30



Figure 2a. Grass frequencies for Zone 2 - Pinyon-juniper savannah with some Ponderosa Pine. A decrease in Squirreltail 
(Elymus	elymoides) frequency was seen from 2005 to 2008.

Figure2b. Forb and shrub frequencies for Zone 2; Prickly pear (Opuntia spp.) is considered a shrub in the IMfoS monitoring.
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Figure 3a. Grass frequencies for Zone 3 - Grassland with some pinyon-juniprer; 7 of the 9 sites in this zone were compared.

Figure 3b. Forb frequencies for Zone 3; this zone was sampled in June of 2005 and in October of 2008. A large increase in 
Tumbleweed (Salsola	tragus) frequency was recorded in 2008 26.6% compared to the 7.6% in 2005.
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Figure 3c. Shrub frequencies for Zone 3; higher frequencies are noted for Bigelow Sage (Artemisia	bigelovii) and Snakeweed 
(Gutierrezia	sarothrae) in 2005.

Figure 4a. Grass frequencies for Zone 4 - Grassland and mixed shrub; this zone was also sampled in June of 2005 and in 
October of 2008.
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Figure 4b. Forb frequencies for Zone 4; in 2008 there was a large increase in Tumbelweed (Salsola	tragus) frequency.

Figure 4c. Shrub frequencies for Zone 4, no Winterfat (Krascheninnikovia	lanata) was found in the 2005 sampling while in 
2008 it had a 7.8% frequency across the zone.
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Figure 5a. Grass frequencies for Zone 5 - Grassland with mixed shrub; this zone was sampled in June of 2005 and October of 
2008.

Figure 5b. Forb frequencies for Zone 5; frequencies for Milkvetch (Astragulus spp.) and Fremont’s Goosefoot (Chenopodium	
fremontii) differ between 2005 and 2008 sampling.

35



Figure 5c. Shrub frequencies for Zone 5, Rabbitbrush (Chrysothamnus	nauseosus) was only recorded in 2005 and Winterfat 
(Krascheninnikovia	lanata) was only recorded in 2008.
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Presented here is a list of all species found within the Diablo Trust land area with a frequency of 1% or 
greater within at least one landscape zone. 

Trees-Shrubs-Sub	Shrubs
Scientific Name   Common Name
Pinus ponderosa   Ponderosa Pine
Juniper spp    Juniper
Quercus gambleii   Gamble Oak
Krascheninnikovia lanata  Winterfat
Gutierrezia sarothrae   Snakewed
Artemisia carruthii   Sagebrush
Artemisi bigelovii   Bigelow Sagebrush
Atriplex canescens   Fourwing Saltbush
Ephedra viridis   Mormon Tea
Opuntia spp    Prickly Pear
Chrysothamnus nauseosus  Rabbit Brush
 
Grasses 
Scientific Name   Common Name
Hesperostipa comata   Needle and Thread Grass
Pleuraphis jamesii   James’ Galleta
Bouteloua gracilis   Blue Gramma
Elymus elymoides   Squrrel Tail
Aristida purpurea   Purple Three Awn
Pascopyrum smithii   Western Wheatgrass
Carex spp.    Carex spp.
Sporobolis spp.   Sacaton/Dropseed 
Bromus tectorum   Cheatgrass
Koeleria cristata   Junegrass
Pascopyron smithii   Western Wheatgrass
Poa fendleriana   Muttongrass
Monroa squarrosa   Crabgrass
Muhlenbergia montana  Mountain muhly
Muhlenbergia rigens   Deergrass
Muhlenbergia wrightii  Spike muhly
Blepheroneuron tricholepis  Pine Dropseed
Schizachayrium scoparium  Little Bluestem

Forbs 
Scientific Name   Common Name
Erigeron divergens   Spreading fleabane
Erigeron flagellaris   Trailing fleabane
Erigeron Canus   Hoary Fleabane
Eriogonum cernum   Nodding Buckwheat
Eriogonum recemosum  Redroot Buckwheat
Eriogonum alatum   Winged Buckwheat
Eriogonum umbellatum  Sulfur-flower Buckwheat 37



Forbs	cont’d 
Scientific Name   Common Name
Amaranthus retroflexus  Redroot Amaranth
Erodium  cicutarium   Common Stork’s bill   
Heliomeris longifolia    Longleaf False Goldeneye
Cirsium spp    Thistle
Lupinus kingii    King’s Lupine
Portulaca oleracea   Purslane
Salsola tragus    Tumbleweed
Linum aristatum   Flax
Chenopodium fremontii  Fremont’s Goosefoot
Zinna grandiflora   Prairie Zinnia
Sphaeralcea fendleri   Globe Mallow
Chaetopappa ericoides  Sand Aster
Psylostrophe cooperi   Paper Flower
Atsragulus spp .    Milkvetch
Chamaesyce albomarginata  Sandmat
Heterotheca villosa   Hairy False Goldenaster
Polygonum douglasii   Knotweed
Packera neomexicana   New Mexico Groundsel
Allium cernuum   Nodding Onion
Plantago spp    Plaintain spp.
Antennaria rosulata   Pussytoes
Symphiotrichum falcatum  White Prairie Aster
Lotus wrightii    Wright’s Deervetch
Achillea milefolium   Yarrow
Hieracium fendleri   Yellow Hawkweed
Hymenopappus filifolius  Fineleaf Hymenopappus
Gaura coccinii    Scarlet Beeblossom
Pseudocymopteous montanus  Mountain Spring Parsley
Verbascum thalaspi   Common Mullien
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