Studying the Geomorphic and Ecological
Responses of Climate Adapted Restoration
in the Foothills of Left Hand Creek, in

Boulder County, Colorado

Developed by:

‘ the
%Watershed
<

Center




Acknowledgements

The Watershed Center is deeply grateful for the generosity of the Andreas and Windhausen families, who
warmly welcomed us and our collaborators to their beautiful land. Their willingness to share their properties
has been invaluable, allowing our team of engineers, scientists, construction operators, and vegetation crews
to carry out restoration work. Moreover, over the past six years, we've had the privilege of hosting numerous
partners, university researchers and students, youth outdoor education classes, and local land managers on
this land. We extend our heartfelt thanks to the Andreas and Windhausen families for embodying true
stewardship of their land and for their unwavering support throughout this endeavor.

We are grateful to the forward-thinking team that designed and constructed this project, including
Biohabitats, Left Hand Excavating, Wright Water Engineers, and GEl Consultants. We also thank our
project partners, including Boulder County Parks and Open Space, City of Longmont, Colorado Parks and
Wildlife, Left Hand Ditch Company, Left Hand Water District, St. Vrain and Left Hand Water
Conservancy District, and Watershed Science and Design, who all provided ideas and feedback throughout
design and implementation of this project. We thank Dr. Katie Suding, Dr. Isabel de Silva (Shewell), and Dr.
Katherine Lininger of CU Boulder for their scientific contributions throughout the project, from advising
design and construction, to conducting and reporting on years of ecological research.

Our partnership with CU Boulder staff, faculty and students was foundational to completing project
monitoring and analysis. Special thank you to Dr. David Harning and students in the Restoration Ecology
and Geomorphology Classes for their data collection and analysis of numerous ecological metrics. Thank you
Dr. Lindsay Chipman, Geoffrey House, Dr. Julia Sobczak, and Dr. Sean Streich for their drone imagery,
modeling, and morphological analyses.

This project was a unique opportunity to establish new populations of Colorado Tier-1 aquatic species of
special concern, and it fostered a wonderful collaboration between local agencies, schools, and organizations.
Special thanks to members of the Northern Redbelly Dace Project and Northern Leopard Frog
Headstarting Team, including Boulder County Parks and Open Space, City of Boulder, Colorado Parks
and Wildlife, Ocean’s First Institute, and St. Vrain Valley School District Innovation Center.

Special thanks to Lauren Brown Studios for the illustration of the site (shown on the front cover) and its
diverse features. This illustration has been used broadly as a communication and educational tool.

All aspects of the project were funded by Department of Local Affairs Colorado Development Block Grant
and Colorado Water Conservation Board. We sincerely thank these two funding entities for their investment
in monitoring and learning from these important projects.




Understanding Resilient Watersheds

Rain and snow

Imagine the movement of water in our Front Range streams.

From headwaters to the high plains, water and sediment
erode down from the high alpine, flow through
mountainous headwaters, slow and deposit along relic
glacial valleys, speed down steep canyons, spill out onto
the high plains, and slowly meander on, building more
flow and depth with larger rivers to come.
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Landscapes with geomorphic complexity are messy, dynamic, and composed of diverse
features like varied topography, multiple channels, wetlands, varied instream habitat, and
broad floodplains. Combined, these features provide high biodiversity, promote natural
watershed processes like sediment deposition, and help buffer impacts from disturbances
like floods, drought, and wildfire. Therefore, enhancing and protecting geomorphic
complexity within transition zones can bolster watershed resilience against the effects
of climate change and other ecosystem disturbances throughout the Front Range.



The Project and Experiment

Between 2017 and 2020, The Watershed Center and its team designed and constructed a
geomorphically complex river restoration project in the canyon-plains transition zone of Left Hand
Canyon (Boulder County, Colorado). This project stands out within the region for its distinctive
climate adaptation features, which, in combination, deliver tangible benefits to both the local
community and the environment, enhancing resilience to climate change.

In addition to creating important geomorphic complexity, the project was set up as an experiment
which aimed to increase knowledge and test a hypothesis: restoration efforts incorporating a
greater variety of features yield superior geomorphic and ecological advantages compared to
traditionally restored sites with less complexity. To investigate this, we divided the project area
into two distinct reaches with different restoration approaches, as outlined and described below.
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Evaluation of Changes to Complexity

To quantify changes to complexity, we compared diversity of physical features and floodplain connectivity
between the upstream geomophically complex site and the downstream traditional site, as well as changes in
these features over time.

Diversity of Physical Features

Creating complexity in the foothills: Restoring a variety of physical
features on a floodplain establishes a canvas for improved
geomorphic and ecological processes.

What did we do? Remote sensing was used at both sites over time to
quantify diversity of physical features at the upstream geomorphically
complex site compared to the downstream traditional site.

What did we learn? Over time, we found more variability in feature
counts at the upstream site and less variability at the downstream site.
This shows the dynamic nature of more complex sites.

Recommendations for future projects: Find opportunities to maximize
different restoration features in restoration and utilize remote sensing to
conduct project-level evaluation across a shorter timescale.

Read the technical report here!
Floodplain Connectivity

Connecting floodplains and low-tech, novel methods: Drone
methods are a flexible option for capturing high resolution changes
to floodplain connectivity.

What did we do? Relative elevation models were created using
drone imagery to quantify how both sites increased floodplain
connection.

What did we learn? Over time, floodplain elevations at the
upstream geomorphically complex site increased while the
downstream traditional site did not show change. This is likely
due to sediment deposition on the floodplain at the upstream
site, a key project goal.

Recommendations for future projects: Drone methods, as
opposed to aerial LiDAR flights, offer a relatively cheap and
extremely flexible option for developing orthomosaic images,
DEMs, DTMs, and REMs that can be used for measuring
floodplain connectivity as well as a multitude of other metrics.
We recommend these methods for project-level evaluation over
a shorter timeframe is preferred.

Read the technical report here!

Drone takes off to collect static images


https://watershed.center/wp-content/uploads/2024/03/2.-AR_floodplain_connectivity_final.pdf
https://watershed.center/wp-content/uploads/2024/03/1.-AR_physical-features_complexity_final.pdf

Ecological and Geomorphic Responses

Complexity and connectivity within ecosystems trigger both ecological and geomorphic responses. The transition zone
in the foothills plays a pivotal role in our watersheds, fostering diverse habitats and biodiversity. Notably, our findings
indicate that, in comparison to other zones within the Left Hand Watershed, the foothills are home to the greatest
number of native vegetation species (2022 State of the Watershed). The following topics were evaluated to deepen our
understanding of ecological and geomorphic processes, and advantages, at the gemorphically complex site.

Pool Sediment Deposition

Promoting sediment deposition in augmented river corridors: Beaver Mimicry Structures accumulate truckloads of sediment
naturally on the floodplain and between diversion structures.

What did we find? Beaver Mimicry Structures on a side channel of the geomorphically complex site reached close to
holding capacity during four years of monitoring, capturing more than 3,500 cubic yards of sediment on the floodplain.

Interestingly... Beaver Mimicry Structures captured a significant amount of sediment during a flash flood event in June
2023, up to 1,500 cubic yards.

Recommendations for future projects: Beaver Mimicry Structures and other attenuation features are effective at a
project scale, but need to be implemented across a watershed to prolong their benefits. We recommend utilizing them
in tributaries and other small drainages as well as on the floodplains of larger river projects in the transition zone.

Sediment stored at one Beaver Mimicry Structure in fall 2020 versus fall 2023. A flash
flood, carrying high volumes of sediment, occurred in June 2023.

Read the technical report here!


https://watershed.center/wp-content/uploads/2022/08/SOW-Data-Report-2022_FINAL.pdf
https://watershed.center/wp-content/uploads/2024/03/3.-AR_sediment-in-pools_final.pdf

Vegetative Bench Complexity

lluminating what drives native success: Research shows that groundwater connection is key to ward off non-native innovators
and promote resilience.

What did we find? When testing different floodplain bench elevations against different plant mixes of varying
functional traits (e.g., water loving or drought tolerant), soil moisture drove the degree of non-native invasion
vegetation trends.

Interestingly... Since the lowland (water loving) plant mix did best in low bench heights, we expected that the
functional traits or plant mixes would drive invasion trends. However, we found that these variables were not
significant, and (as stated above) soil moisture was the driving factor.

Recommendations for future projects: During project design and construction, maximize lower elevation benches
and groundwater connection to enhance survivability of native species and resistance against non-native invasion.
Utilize mixed plant types and diversity of functional traits as a secondary strategy to enhance adaptive capacity and
climate resilience.
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Images showing the three bench heights with different groundwater connection used to study vegetative response.

Read the technical report here!

Vegetation Canopy Complexity

Underscoring the importance of long term monitoring: While an important measurement in years to come, vegetation
responses can be delayed after restoration.

What did we find? Within two years after restoration, we did not find that restoration techniques affect canopy
complexity. This is likely due to the longer time scale required for vegetation to establish after restoration.

Interestingly... Our results were likely reflective of vegetation communities present before the project was
implemented.

Recommendations for future projects: Invest time and resources into identifying and protecting future project areas
with existing canopy complexity rather than creating unnecessary disturbance. Implement management on pervasive
non-native species such as crack willow to help native complexity establish over a longer time scale.

Read the technical report here!


https://watershed.center/wp-content/uploads/2024/03/5.-AR_canopy_complexity_final.pdf
https://watershed.center/wp-content/uploads/2024/03/4.-AR_vegetative-bench-complexity_final.pdf

Benthic Macroinvertebrate Communities
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Interestingly... Site level diversity (all habitat types combined) 5:5@
was 15-77% higher than diversity at any individual habitat 4 Fe
feature. Habitat Type
Recommendation for future projects: Include multiple This figure shows diversity indices by habitat types (bars) and
habitat types in restoration projects for ecological diversity at the site level (dashed line). Larger measurements indicate

and resilience. Incorporating different types of features not a more diverse BMI community.

only increases site level diversity, but it allows for refuge and

population re-establishment after disturbance. Read the technical report here!

Northern Redbelly Dace Reintroduction

What did we find? Using novel and non-invasive eDNA sampling methods, we were able to detect presence year after
year with results that suggest naturally growing populations. Camera monitoring results suggest these fish are most
active in vegetated areas and use underwater woody structures less frequently.

Interestingly... Out of five reintroduction ponds monitored with eDNA across Boulder County, this pond was one of
three that had positive detections and was the only site that was monitored multiple years with positive and increasing
detections. While both eDNA and camera methods can successfully detect presence, eDNA methods are more flexible
but can be cost prohibitive, while camera methods must be highly standardized to environmental variables.

Recommendations for future projects: Future projects, especially ones located in the transition zone at the western
extent of Northern Redbelly Dace range in Colorado, should consider reintroduction in their design if off channel
ponds are present or feasible.

Camera footage of a Northern redbelly dace ~ Members of the Northern Redbelly Dace project  Special note! This pond is also home
at a submerged woody brush bundle. collect eDNA sample using filtration and bike to reintroduced Northern Leopard
pumps to pressurize! Frogs. So far, both the Dace and Frogs
are living together in harmony.

Read the technical report here!


https://watershed.center/wp-content/uploads/2024/03/7.-AR_northern-redbelly-dace_final.pdf
https://watershed.center/wp-content/uploads/2024/03/6.-AR_BMI_final.pdf

