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Rocky Mountain Field Institute Citizen Science Report
The Rocky Mountain Field Institute (RMFI) Citizen Science Program (herein referred to
as the “Program”) recently celebrated its one-year anniversary. The Citizen Science Program
provides a sustainable system for monitoring land stewardship and restoration activities by
engaging adult volunteers and college students in the measurement of ecological parameters in
RMFI project sites over time. RMFI is the first non-profit organization in the Colorado Springs
area to train and engage citizen scientists. The educational model for the Program provides an
innovative case study for other organizations and agencies interested in monitoring natural lands.
In the 2017 field season, RMFI citizen scientists were recruited and trained. They collected data
on four trails in the Garden of the Gods, Colorado Springs, CO, USA. These measurements are
ongoing and this report presents the engagement and training of volunteers, basic program
statistics, volunteer demographics, pilot measurements, events attended, partnerships and
connections made, areas for improvement, and a proposal for the continuance of the Program.
Program Statistics
●

11 training videos produced

●

2 monitoring protocols implemented

●

9 days in the field conducting measurements

●

4 trails measured

●

3 adult volunteer citizen scientists trained and monitoring at regular intervals, 2 of

whom are UCCS geography students
●

3 partnering entities- Friends of the Garden of the Gods, City of Colorado

Springs, Alpine Visions
●

1 college course engaged (6 students- mixed graduate and undergraduate)

●

1 poster presented at a national academic conference

●

1 academic paper in process
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Program Development
Review of the Garden of the Gods Community Restoration Program (Byers, Ebersole, &
Hesse, 2000a, 2000b) and consultation with the RMFI Board and staff informed the development
of the Program objectives. Two main objectives for monitoring arose as central themes. RMFI
staff and Board are particularly concerned with 1) subsurface structure implementation and its
effect over time, and with 2) the efficacy of social trail closure efforts.
The subsurface structures implemented by RMFI restoration crews are proprietary
structures with no measurement or reporting in the peer-reviewed or grey literature to support
their use. Despite their anecdotal success, measurement of trails where this restoration technique
is applied are a primary Program objective.
Regarding social trail closure efforts, RMFI staff is interested in understanding the
efficacy of social trail closure as it requires significant material and human resources.
Coincidentally, City representative McCormick asked RMFI to review her seed mix adjustments,
a request that was forwarded to me. This started the conversation about the work of the Program.
These conversations revealed how valuable numeric data indicating germination success in
reseeded areas could be for the City since seed costs are high. This reinforced the second
Program objective to monitor social trail closure efforts.
After identifying these Program goals, we identified Garden of the Gods trails that were
closed for restoration, or trails upon which subsurface structures have been or will be installed.
There are two closed social trails in the Reservoir valley. The Siamese Twins trail, Lot 9
connector trail, and the Niobrara trail all meet the criteria for subsurface structures.
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Volunteer Citizen Scientist Recruitment
In late 2016, 10 volunteers responded to the initial announcement disseminated in the
Dirt-E-News. I met every volunteer in person. This provided me with the opportunity to talk
about the Program and to assess the level of involvement initial volunteers wanted. Of this initial
recruitment, three volunteers participated repeatedly. Larry Bogue rose to the top as the lead
volunteer. Larry is a retired federal employee who used to manage community stewardship
programming in his professional role. Larry was first informed of the Program through the RMFI
newsletter. Andrew Rippe and William Brown are UCCS geography students who discovered
the Program on the RMFI website.
Additional volunteers expressed interest in the Program throughout the year, but no one
else completed the training or participated in monitoring days scheduled for a variety of
explained reasons. There are several additional volunteers in the initial contact phase currently.
In reflection, there was a flurry of interest in the spring and a similar surge in this fall season, but
the summer was not a season of recruitment. Nonetheless, our target was 2-4 sustaining citizen
scientists and we met that mark (Figure 1).

Figure 1. Andew and Larry toil over the
complex trail measurements. Their
insights contributed to the final
revisions of the measurements
collected. Co-created citizen science
increases science literacy outcomes and
retention for participants.
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Citizen Science Program Training
The Program objectives informed the research questions and goals, and data collection
parameters. These, in turn, informed the learning objectives for the citizen scientists. From these
learning objectives, pre- and post-training assessments were developed, followed by the
instructional materials. 11 PowerPoint presentations are the foundation for the 11 instructional
videos in the RMFI Citizen Science Training program. The PowerPoint presentations are
available for future live trainings and the instructional videos reside on the RMFI Citizen Science
Training playlist on my YouTube channel (https://youtu.be/uINdhpwzcIA).
As currently designed, volunteers take the pre-training survey
(https://goo.gl/forms/yyjmLyJalBNWunni2), watch the training videos at their own convenience,
and then take the post-training survey. Once a volunteer achieves an 80% or higher score, they
may join the working citizen science crew for field mentoring. As new opportunities arise,
seasoned volunteers will promote to leadership and mentor roles, to facilitate the field mentoring
of new citizen scientists.
Four volunteers took the pre-training survey. Larry Bogue and Andrew Rippe did not
pass the pre-training survey, but completed the post-training survey with a passing score (88%).
Jaxon Rickel, former RMFI employee and citizen science research intern, took the pre-training
survey and passed. This was likely due to his close involvement in the development process.
William Brown found the Program on the RMFI website, watched the first video linked there
and waited until he completed the training program to contact me. This was very exciting, but
indicated the need for some kind of gating that prevents volunteers from training themselves
without taking the pre-training survey.
The pre- and post-training components are valuable in reporting the impacts of the
training program on “foster[ing] community awareness about the ecology and natural history of
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the Garden of the Gods Park,” and “educat[ing] the community about the current threats to the
park.” These are two of four goals of the RMFI’s Garden of the Gods Community Restoration
Program (Byers et al., 2000).
Collegiate Engagements
The spring and fall surges were mirrored in the unplanned collegiate engagement.
Although it was postulated in the early Board discussions that the Program might facilitate more
collegiate engagements, these were not scheduled and therefore did not appear in the working
calendar initially submitted to the Board. As such, they are a value-added component to the
Program.
Before the official Citizen Science Program began, in the spring of 2016, Eric Billmeyer
and I hosted Emily Mooney’s conservation biology students in the Garden. Eric shared the story
of past monitoring efforts related to the RMFI Community Restoration Program in the Garden.
These students also practiced a quadrat sampling method. This did not directly contribute to the
data pool, but this was a first interaction between a UCCS class and RMFI with any eye towards
a partnership in monitoring.
In the spring of 2017, research intern Jaxon Rickel and I attended the Citizen Science
Association conference in St. Paul, MN. This was the culmination of many months of reviewing
the literature and developing the Program training. Jaxon and I co-wrote the text for a poster and
Jaxon designed the poster and engaged his contacts at CC to publish it. We met many wonderful
scientists. This experience was exciting for both of us. I am nearing the end of my PhD journey.
My dissertation is about citizen science training. I was able to meet many of the authors with
whom I have been communicating and get a real sense for the field of citizen science that I am
investigating. This was an amazing experience for Jaxon as well. It was his first academic
conference. He is applying to graduate schools so it was excellent professional networking for
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him too. Jaxon and I are sending a literature review paper to publication soon. This success can
be attributed to the Program’s existence. Although I followed in Jaxon’s footsteps monitoring in
Waldo Canyon, he and I never worked together before this productive academic relationship
fostered by the Citizen Science Program (Figure 2).

Figure 2. Jaxon and I traveled to St. Paul to the Citizen Science Association conference to present a poster
about the RMFI citizen science program and my dissertation research.

In the summer (2017), I was contacted by an anthropologist applying for a faculty
position at UCCS. He found the Program on the Internet and he wanted to pitch an
anthropological research component to the Program in his application materials. I am not sure
what came of this, but it speaks to the rising interest in citizen science in the academic
community and to the effectiveness of the RMFI website in marketing the Program.
In the fall semester (2017), Emily Mooney’s ecology field methods students collected
plant abundance data along one of the closed social trails in the Garden (Figure 3). These data
are discussed below in the section entitled “Closed Social Trail Revegetation Measurements:
Initial Interpretations.”
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In the fall semester (2017), we were also contacted by Emilie Gray, former RMFI Board
member and Colorado College (CC) professor. Although we did not engage her entire course, we
are currently looking for a CC student to map the monitored trails in the Garden using their
Trimbles as an independent project in CC’s Block 3. We are aware of and hope to engage student
citizen scientists in this larger effort.
I have posted all of the RMFI Garden of the Gods work days in my own biology courses
as an alternate lab assignment. These days occur in October and November of 2017.
RMFI citizen scientist and geography major Andrew Rippe is interested in pursuing an
internship beyond the scope of the current monitoring protocols. He is currently writing an
internship proposal. BriAnn Phillips, one of my botany students, is also writing an internship
proposal.
I recently met with Linda Kogan and Kimberly Reeves, from the Office of Sustainability
at UCCS to discussed credit pathways to afford UCCS credit to students who engage in citizen
science efforts. They were confident that these mechanisms are already in place. The next step
involves communication with the appropriate entities to establish this relationship.

Figure 3. The UCCS Field Ecology students did not measure mullein, but on our way into our research site, we
took this photo for the Pikes Peak School for Expeditionary Learning (PPSEL), a local school preparing their
own monitoring program for invasive species management on their school property. PPSEL is a potential
future partner.
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Volunteer Impacts

Figure 4. Volunteers contributed a total of 107 hours. Adult volunteers worked a total of seven days and
students worked a total of two days, yet accumulated more volunteer hours in total. Engaging students is a
faster route to accumulating volunteer hours for granting purposes.

I originally scheduled 114 hours for the first calendar year’s contract. I contributed 88
additional volunteer hours since October 2016 working on the collegiate engagements just
described.1 Collegiate engagements are a value-added component to the Program in this contract
year that has huge growth potential.
Niobrara Trail Measurements: Initial Interpretations
What follows are the first interpretations of the trail measurement data collected on the
Niobrara trail in the Garden of the Gods. I personally collected data on the Siamese Twins trail
while composing the training videos. We also collected data on the Lot 9 connector trail during
the field mentoring days. However, the vast majority of our time was spent on the Niobrara trail,

1

These hours do not include the pre-contract field visit with Billmeyer and Mooney, any of the research I did with
Jaxon, nor any of the time I spent volunteering for the City’s BioBlitz.
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which was the only trail of the three that had significant length, no previous structure
implementation, and future restoration work scheduled. Furthermore, the Niobrara trail is in a
high traffic area bordering the wildlife conservation area of the Garden, the Reservoir valley.
Trail degradation in the Reservoir valley, which the Niobrara ridge protects on its eastern flanks,
can contribute to social trail development, another restoration problem we are mitigating and
monitoring on the southern end of the Reservoir valley.
We used a point sampling method inspired by Marion, Wimpey, & Park (2011) along the
longitudinal profile of the measured trail. We started with 10m as the baseline interval for
measurements, but we made additional measurements at significant trail features like hardened
steps or switchbacks. At each point, we measured the trail width from vegetation to vegetation
on either side, noting which side was uphill to capture the slope orientation. We measured the
trail depth from the height of the cross-section tape at both the center of the trail and the thalweg,
which were not always the same location on the trail. We attempted to collect GPS coordinates
but the margin of error was confounded by the sinuosity of the trail. We also collected slope and
aspect data.
Svajda, Korony, Brighton, Esser, & Ciapala (2016) conducted an extensive monitoring
study of trail impacts in Rocky Mountain National Park (RMNP). They measured 56km of 8
trails that represent the types of trails and ecosystems present in RMNP. They collected
measurements of trail depth, width, incision, rugosity, and cross-sectional area (CSA) soil loss.
Their methodology and analysis informed the Program’s methodology and data analysis. We
collected similar data with more primitive tools and in a much smaller study area. The following
interpretations employ extrapolated data from Svajda et al (2016) as points of comparison
(Figure 5).
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Figure 4. The Niobrara trail (179cm +/- 20cm) has nearly twice the average trail width measured in RMNP
and twice the maximum tread width specified in the Super Friends Trail Standards Agreement (2017), which
is indicated by the red dashed line at 91 cm. The Niobrara trail is also deeply incised with an average depth of
35 cm (+/- 6cm).

Both RMNP and the Garden experience 2-3 million visitors annually. However, the total
area of the Garden of the Gods is 2 square miles. RMNP is 415 square miles. The Garden visitor
density is 100 times greater than that of RMNP. This likely explains trends shown here (Figure
2). These measurements indicated a deeply incised trail with excessive width. Anecdotally, the
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trail is difficult to travel while running or biking, which is the likely reason for evidence of
switchback-cutting and social trail development (Figure 6).

Figure 5. Watch this video to walk along the Niobrara trail: https://youtu.be/4Y1IsbejuM4

According to the Super Friends Trail Agreement (Colorado Springs Parks, Recreation
and Cultural Services Department, 2017), trail widths are determined by the difficulty of the
trail. For accessible and green trails, 36 inches (91 cm) is the minimum trail design specification.
For blue and black trails, 91 cm is the upper width parameter. The Niobrara trail is a blue or
black trail in the restoration project area. The red dashed line indicates this parameter. The
orange bars are Niobrara measurements and the green bars are RMNP measurements (Figure 5).
The average width of the Niobrara trail is 178 cm (n=13; s=20.3). When analyzed with a
chi-square test, the Niobrara trail width is significantly wider than the expected width of 91 cm
(X2=1147, n=13, p>0.05). The sample size is very low so this chi-square test statistic should be
taken with a grain of salt, but more data in the future will make similar interpretations far more
robust.
The desired trail depth is not specified in the Super Friends Trail Standards Agreement
(2017) since ideally a trail would lose no tread and have a depth of zero. The depth in the center
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of the trail and the thalweg is not statistically different, but it is between 31 and 35 cm on
average (n=13; s= 6.1) (Figure 5).
I calculated an estimate of cross-sectional area (CSA) soil loss based on the width and
depth measurement per point sampling. I am not sure that I interpreted the calculation in the
Svajda (2016) paper correctly, but I have contacted the author for clarification. The depth and
width measurements at each point constitute the two sides of a right-angle triangle (Figure 7).
The area of a right-triangle can be determined by multiplying these two sides and dividing them
by 2. However, we are conceptualizing two triangles, hence the width and depth measurement
multiplied should complete the calculation to estimate CSA soil loss based on an estimate of
eroded cubic area in the tread surface. By this calculation, the average CSA soil loss is 5845 cm2.
Svajda (2016) reported a CSA soil loss range of 0-1510 cm2 and average of 441 cm2. The huge
discrepancy between their measurements and ours is likely due to the depth of the Niobrara trail.

Figure 6. This image is a model for the cross-sectional area (CSA) soil loss measurement. The geometric area
measured at each point and then averaged provides a rough estimate of the soil already lost from the trail.
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The bottom line is, this trail needs help! Good thing we will be working on it soon. There
will be a dramatic change due to the restoration. We will be anticipating two restoration
outcomes: the width and depth of the trail will decrease after restoration and these measurements
will remain fairly stable over time.
Closed Social Trail Revegetation Measurements: Initial Interpretations
The trail of interest is on the south end of the Reservoir valley. Its north end is at the
junction of the Ute valley trail and the Niobrara trail where there is a triangular island in the trail
junction. The south end of the closed social trail ends at the south-eastern corner of the southern
dam for Reservoir 2.
The first efforts to characterize the success of social trail closure efforts were very
successful thanks to the participation of Emily Mooney and her UCCS Ecology Field Methods
students. I prepared detailed methods and a plant guide to support this effort
(https://maggiegaddis.wordpress.com/). Her students prepared following commentary about
species richness (Figure 8) and relative vegetative cover (Figure 9) after collecting data on the
closed social trail in the Garden of the Gods.
UCCS Ecology Field Methods- Data interpretation

Figure 7. Species Richness along the closed social trail measured in the Garden.
Estimate Std. Error

t value

Pr(>|t|)
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(Intercept) 178.85
55.68 3.212 0.0075 **
distance
-16.48
12.03 -1.370 0.1957
Multiple R-squared: 0.1353

There is no relationship between species richness and distance from closed social trailhead
(P>0.05).

Figure 8. Percent Vegetative Cover along the closed social trail measured in the Garden.
Estimate Std. Error t value Pr(>|t|)
(Intercept) 0.4126 0.1045 3.947 0.0019 **
distance 0.0029 0.0009 3.343 0.0059 **
Multiple R-squared: 0.4823

Cover increases as distance from closed social trailhead increases. This could indicate persistent
impacts of previous foot traffic, continuing foot traffic or a difference in restoration methods.
Note that this is a single trail; robust replication would be observing across multiple closed social
trails.
Species Composition
Melissa McCormick, City Natural Resource Specialist contacted RMFI for guidance
regarding the seed selection last winter. She made some minor modifications in an effort to
reduce the cost of the seed. Seed costs are high and thus germination success rates provide
valuable information to guide management decisions. Figure 10 shows the relative abundance of
seed types in the basic reclamation seed mix purchased by the City for use in restoration efforts
in the Garden. Half of the seed mix by abundance is composed of only three species, Bouteloua
curtipendula (side oats grama), Bouteloua gracilis (blue grama), and Pascopyrum smithii
(western wheatgrass).
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Figure 9. The City of Colorado Springs develops seed mixes that approximate the native plant community
composition.

19 unique species were observed in the initial plant inventory conducted by citizen scientist
Larry Bogue and me. The UCCS students found 20 species total, 16 of which we could identify
at this time of year. The average richness measured in the quadrat sampling effort was 4.2 (+/1.6) (n=15). The average total cover measured was 69% (+/- 26%) (n=15). Only four of 10
species in the reclamation mix were measured in the closed social trail area (Table 1). No weeds
were measured. Although we noted Russian thistle at the trailhead when we conducted the plant
inventory, it was not in the first plot, which was 11 meters from the trailhead and we saw none of
it farther down the closed social trail.
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Table 1
Revegetation Species Present in Active Restoration Areas of the Closed Social Trail in the
Garden
Bouteloua gracilis – blue grama
Bouteloua curtipendula – side oats grama
Schizachyrium scoparium – little bluestem
Pascopyrum smithii – western wheatgrass

These measurements covered the first two-thirds of the trail. Approximately, the firstthird of the trail involved an active restoration effort. The middle-third is an area of passive
restoration. We attempted to determine these transitions based on where mulch was present,
since mulch is utilized in the restoration effort. The last-third of the trail was also actively
revegetated, however ecological parameters like slope and soil development are disparate from
the north end of the trail, making each section unique. In summary, they represent a gradient
from active to passive to active restoration. They also represent a gradient of slope. The slope
increases from north to south along the closed trail while the aspect remains relatively constant.
We have not completed the transect all the way to the closed trail’s southern end on the dam of
Reservoir 2. The citizen scientists hope to complete that measurement before the weather
changes.
Events Attended and Connections Made
•

Photographer Dave Glenn Smith Alpine visions lent several hours to support the
development of the training materials.

•

I presented the program to the Friends of the Garden of the Gods May Board meeting.
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•

I participated in the City’s four BioBlitzes as a volunteer, in the name of RMFI.

•

When solicited, I gave a talk and developed a monitoring protocol and CitSci.org
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datasheet for the Pikes Peak School for Expeditionary Learning, again as a volunteer, but
with an eye towards future partnership possibilities.
•

Jackson and I attended the Citizen Science Association conference and presented the
RMFI Citizen Science Program alongside my dissertation research.

Areas for Improvement
The low retention rate from initial contact to field season may be attributed to an
unanticipated delayed start. After the training videos were complete and reviewed by the RMFI
Board, there was a period of time in which I was emailing them to City employees, finding out
who the next person was who needed to know about the Program. These conversations were
helpful in reinforcing the need for monitoring in the Garden. I was told by numerous contacts
that it was high time for some monitoring to occur in the Garden. I made a presentation to the
Friends of the Garden of the Gods organization. They gave us their blessing. By the time these
conversations and meetings were over, it was early June and folks were potentially engaged with
other organizations by that time. Three potential volunteers gained new employment which
changed their situation in a way that can be explained as having nothing to do with our process.
Nonetheless, continuing the Program throughout the winter as the weather permits will likely
result in higher volunteer retention because the Program will start in time before many other
programs and events start.
It is clear from the last Board meeting that my communication with the staff was
insufficient. I accept that and I will work towards improving. However, I will note that the
primary resistance from the staff towards the Program was a concern for staff time. I tried to
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document what was happening in the least invasive way, but I did not make it broadly known
that I was doing that.
Some of the training videos should be updated to a second edition that reflects
modifications to the data collection process arising from this season's efforts. In many instances
in the media, photos were used that were not of the specific trails we are now measuring because
we didn't know what trails we were measuring at the time of the video production. Updating
these would make the training very specific to these ongoing sites.
Although I did anticipate adding more sites, I don't feel ready to do that. The trail
measurements proved difficult to obtain, which Svajda et al (2016) also noted. Reflecting on my
commitment to co-created citizen science, somewhere early in the game, Larry and Andrew
became convinced that we needed permanent fixed points. We subsequently spent almost two
months waiting for a dry day and trying to stabilize those fixed points. I wanted to honor their
experiences and well-reasoned opinions about it since they were collecting the measurements
with me and independently. However, I did not expect it to turn into such a huge diversion. We
met our goal and collected baseline measurements before restoration efforts. However, I really
hoped we would have some repetitive measurements by now. There is one more week! It is still
possible.
The fixation of the points doesn't seem as relevant to me as it does to the volunteers,
perhaps because I understand the transformation that will occur once we start the restoration
process. All the pins will come out. Again, in reflection, I should have stopped this from
happening right away, but since I didn't, I couldn't back out because I had already extended that
power to my citizen scientists. These are nuanced leadership skills. I hope my experience
informs others, but I would also appreciate having more colleagues with whom to discuss these
things. I would like for the Research Committee of the RMFI Board to be more involved. We
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don't need many people making the decisions, but the Program needs to be supported with more
intellectual dialogue at the leadership level. My primary confidants were Emily Mooney and
Melissa McCormick. They are excellent colleagues; however, they alone do not represent the
Research Committee for RMFI. Melissa no longer works for the City (but perhaps we might
recruit her to our Board someday).
Next Steps
From my perspective, this is not an ending point. Most initiatives are in process at best.
None are concluded. The initiative closest to completion is the program development and
training, but that still needs some modifications and updates as the Program grows and evolves. I
would like to stay on contract to sustain the work already started. I would like to increase my
contract to reflect the amount of academic and partner engagements that I only assume will
continue to increase as citizen science increases in popularity in our culture at large. I
participated in several partner projects as a volunteer, but while wearing a RMFI t-shirt. I did this
because I care about the future of citizen science in our community and I have great respect for
RMFI.
There is a lot of potential to expand this Program as it is unique among other stewardship
efforts in our region. If you don’t mind, let’s finish with a vision. Thinking about the patchwork
of land management in our region, imagine this Program grows into a training platform that
educates private land managers to monitor their own lands. The shining example of this is the
Pikes Peak School for Expeditionary Learning. The State has told them that they need to mitigate
the weeds on the school property. Their science teachers are trying to do this on their own.
Imagine schools across our region working on land management objectives on their own
properties, monitoring this work, and engaging their curriculum or community in the process.
Imagine private land owners engaging with RMFI to educate themselves, or contract our
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consulting services, to monitor and restore their ranches, homesteads, and vacation properties.
The key here is that we elevate and maintain our position as the scientific experts on ecological
restoration. We make ourselves available to the community so they can carry out their own
restoration and monitoring efforts.
In summary, RMFI already does an amazing job of restoring landscapes. We also have a
unique connection to the academic institutions within our community through our Board
membership. The driving vision, from my perspective, should marry these identities and
conceptualize a future in which RMFI expands, not only by engaging more field crews, but by
also radiating knowledge throughout the community. As they say, catch a man a fish, he eats for
a day. Teach a man to fish and eats for a lifetime. We want to have the same impact on our
natural lands and our community. Let’s share our restoration knowledge through the Citizen
Science Program.
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