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Executive Summary 

The purpose of The Watershed Center’s annual State of the Watershed reports is to share what we’ve 
learned from ecological and geomorphological monitoring at forest, river, and riparian sites located 

across the St. Vrain Basin with diverse partners, resource managers, and members of the public. Reports 

are formatted as either full (in-depth watershed conditions) or interim (topic specific) reports, 

depending on priorities across the St. Vrain Basin. Information shared in these reports can provide 

information on specific research questions, help aid in and prioritize management, and provide general 

context for conditions and long-term trends in the St. Vrain Basin.  

In this report, we report on three years of data that describe in-stream fine sediment, benthic 

macroinvertebrate (BMI) community, and understory forest vegetation responses to the Calwood and 

Lefthand Canyon fires, which occurred in Boulder County in October 2020 and collectively burned more 

than 10,400 acres on the St. Vrain and Left Hand Watersheds. Note that numerous spellings of 

“Calwood” exist and have been used in publications and news articles. Here, we refer to the name of the 

fire as “Calwood Fire,” the property that the fire started on as “Cal-Wood Education Center,” and our 
understory vegetation monitoring site as “Calwood.”  

A tremendous amount of restoration work occurred in the immediate aftermath of the Calwood and 

Lefthand Canyon fires, which continues today, with projects led by The Watershed Center, Boulder 

County Parks and Open Space (BCPOS), Cal-Wood Education Center, and others. Work included the 

largest mulching operation in State of Colorado history, hundreds of rock, wood, and straw structures 

constructed to mitigate post-fire run-off, dozens of acres of land mitigated for weeds, dozens of acres 

re-seeded with native seed, and thousands of native vegetation plantings. While post-fire issues still 

exist, which are described in detail in this report, restoration work was largely a huge success and will 

continue to help the land recover. 

Below summarizes key takeaways from our monitoring and management recommendations for impacts: 

Post-fire impacts in river systems 

We monitored fine sediment deposition (measured as sands <2 millimeters in diameter) and BMI 

community metrics (multi metric index, Hilsenhof biotic index, Shannon diversity index, and sediment 

tolerance indicator value) at three sites in the Left Hand Watershed (Legacy 1, Legacy 1 DS, and Ranch) 

and five sites in the St. Vrain Watershed (SSV Park, Central Gulch, Deadmans, Custode, and Hall 

Meadows) 

 The Calwood Fire led to an increase in fine sediment deposition at sites up to five miles 

downstream of the burn footprint in the first year after the fire, but all increases were still 

below State of Colorado established thresholds and did not significantly negatively affect the 

streams’ beneficial uses. 

 The Calwood Fire led to impairments and degradation of BMI communities at sites up to one 

mile downstream in the first year after the fire. These impairments suggest impacts to overall 

water quality (as indicated by the multi metric index score), impacts from nutrients (as indicated 
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by the Hilsenhoff biotic index), and diminished diversity or the number of unique taxa and their 

relative abundances (as indicated by the Shannon diversity index). 

o Impacts were most apparent in 2021 in the first year monitored following the fire and at 

sites closest to the sediment and contaminants source (i.e., Geer Creek as it enters Left 

Hand Creek and Central Gulch as it enters South St. Vrain Creek). 

o Impacts lessened by 2022 (the second year monitored) following the fire and further 

downstream. 

Management recommendations 

 While impacts ameliorated within two years, we recommend proactive management before and 

immediately after fires to mitigate impacts to aquatic life and water resources. While short-

lived, changes to BMI community composition and increased sediment deposition can have 

greater and longer lasting effects on ecosystems such as fisheries, other wildlife, and diversion 

infrastructure. Water intakes are often shut down during sediment laden flows, reducing water 

availability.  

o Suggested proactive projects include implementing larger-scale resilient river 

restoration projects that incorporate features such as multi-threaded channel systems, 

wetlands, backwater, large wood, beaver mimicry, and floodplain roughness that aim to 

reconnect rivers with their floodplains in high wildfire risk areas upstream of critical 

water infrastructure and upstream of communities. These projects can buffer impacts 

from upstream wildfires while they occur and immediately after they occur. 

o Smaller-scale projects that could be implemented immediately after fires in tributaries 

to mainstem rivers include installation of straw check dam series or log structures to 

catch and slow sediment. We note that straw check dams could introduce weed seeds 

into streams, which can disperse downstream, so careful sourcing of materials is crucial. 

In systems with less stream force, coir wattles can be used. 

Post-fire impacts and recovery of upland understory vegetation 

We monitored understory species richness, proportion of cover, and structural diversity including 

presence of bare ground in six conditions (unburned + unmitigated forest, burned + unmitigated forest, 

unburned + mitigated forest, burned + mitigated forest, unburned meadow, and burned meadow) at 

three sites (Left Hand, Calwood, and Heil Valley Ranch). 

 Differences in native/non-native species richness and proportion of native/non-native cover, in 

forested conditions (unburned + unmitigated forest, burned + unmitigated forest, unburned + 

mitigated forest, burned + mitigated forest) varied and were dependent on the fire (Lefthand 

Canyon Fire, Calwood Fire) and site (Left Hand, Calwood, and Heil Valley Ranch) rather than the 

condition. 

o Differences in structural diversity, including the amount of bare ground, also varied 

across sites and forested conditions but appears to be decreasing over time across most 

sites.  

 Meadows were resilient to impacts of fire, maintaining similar and high levels of native species 

richness and cover and low amounts of bare ground in burned and unburned areas.  
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 We found decreasing or stable proportions of non-native species cover in most forested 

conditions, with the exception of some burned forested conditions impacted by the Calwood 

Fire. Interestingly, burned forested conditions in the Calwood burn footprint (Calwood and Heil 

Valley Ranch sites) had more overall non-native cover than the Left Hand burn footprint even 

though the number of unique native species is still high across all sites. 

 Pre-fire fuels reduction (i.e. forest thinning) had varied effects on species composition, with 

vegetation responses differing by fire and site. For example, in thinned treatments at Calwood 

and Left Hand, we observed reduced post-fire non-native colonization, while in thinned 

treatments at Heil Valley Ranch (burned and unburned), we did not. This is likely due to 

historical overgrazing at Heil Valley Ranch and an abundance of non-native seeds stored in the 

seed bank there.  

 Non-native species of concern include prickly lettuce (Lactuca serriola), Canada thistle (Cirsium 

arvense), and woolly mullein (Verbascum thapsus) at Calwood and woolly mullein, cheatgrass 

(Bromus tectorum), and musk thistle (Carduus nutans) at Heil Valley Ranch. 

 Anecdotally, minimal tree regeneration was observed across all sites all burned areas.  

Management recommendations 

 While some non-native species “boom and bust” in the first several years after fire, we still 

observed increasing or stable high proportions of non-native species in some forested 

conditions regardless of whether they had received fuels reduction treatments prior to fires. We 

recommend implementing weed management, especially in the first three years after fire, to 

target species that can create large monocultures such as Canada thistle and cheatgrass. Less 

focus may be put towards species that will naturally be outcompeted by natives over time such 

as mullein and musk thistle. 

 Support revegetation in bare ground areas and weed-treated areas with overseeding in first 1-3 

years after fire to reduce surface erosion and increase native composition. 

 If a permanent transition to grasslands is not desired in previously forested areas, re-plant 

ponderosa pines. Additionally, use this opportunity to experiment with climate adapted 

plantings including ponderosa pines from warmer climates and other species adapted to 

warmer climates such as pinyon pine. Note that our results do not provide direct evidence that 

these areas will permanently transition to grasslands but is a general recommendation 

supported by existing research. 
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2. Report overview 

2.1 Who is this report for? 

Each year, The Watershed Center develops this report for partners and community members across the 

St. Vrain Basin that manage and monitor watershed health or are otherwise interested in the ecological 

and geomorphological conditions in the watersheds that we inhabit. This includes resource managers, 

academic researchers, members of non-profit organizations, and interested public. The St. Vrain Basin 

roughly overlaps with the boundaries of Boulder County and extends into the western portion of Weld 

County.  

2.2 Purpose of this report 

The purpose of the annual State of the Watershed report is to share what we have learned about 

watershed health in the St. Vrain Basin to our diverse partner network. Information presented in annual 

State of the Watershed reports can come from long-term and discrete data collection efforts conducted 

by The Watershed Center, data collection conducted by our partners, and conversations with partners 

about known issues and priorities in the St. Vrain Basin. Full State of the Watershed reports, which 

describe ecological and geomorphological conditions across the entire St. Vrain Basin, will be released 

approximately every five years. Interim State of the Watershed reports, which are designed to be more 

succinct reports that focus on a specific topic, subset of monitoring indicators, or subset of geographic 

areas of study, will be released in years in between full reports. This approach allows us to be 

deliberately flexible and able to respond to priority topics as they come up.  

See our collaboratively developed Adaptive Management at Scale Plan, which describes our monitoring 

approach including how we include partner collaboration, site and indicator selection and monitoring 

frequency, and reporting rational into our adaptive management framework. Additionally, view our 

recent State of the Watershed reports (2024 interim State of the Watershed Part I report, 2023 interim 

State of the Watershed report and 2023 highlights report, and 2022 full State of the Watershed report 

and 2022 highlights report) to learn more about our adaptive management process, monitoring 

framework, and long-term data that has recently been reported out on. 

https://watershed.center/thank-you/
https://watershed.center/thank-you/
https://watershed.center/wp-content/uploads/2022/10/AMS_Plan_2022-09-28.pdf
https://watershed.center/wp-content/uploads/2024/08/2024_SOW_Report_final.pdf
https://watershed.center/wp-content/uploads/2023/09/2023-SOW-Report-final.pdf
https://watershed.center/wp-content/uploads/2023/09/2023-SOW-Report-final.pdf
https://watershed.center/wp-content/uploads/2024/06/SOW-Highlights-2024-v2-1.pdf
https://watershed.center/wp-content/uploads/2022/08/SOW-Data-Report-2022_FINAL.pdf
https://watershed.center/wp-content/uploads/2022/08/SOW-Highlights.pdf
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In this report, Part II of the 2024 State of the Watershed report, we report on three years of data that 

describe in-stream fine sediment, benthic macroinvertebrate (BMI) community, and understory forest 

vegetation responses to the Lefthand Canyon and Calwood fires, which occurred in Boulder County in 

October 2020. 

 

3. Data included in this report 

3.1 Desired future conditions 

Indicators and metrics described in the next section have implications for water quality, geomorphic 

processes (e.g., sedimentation), and upland resiliency. As such, we use them to assess the status of 

desired conditions for watershed health. In this report, we report on three desired conditions, which 

were collaboratively developed with partners: 

1. Dynamic geomorphic processes are able to take place now and in the future, resulting in source, 

depositional, and transport reaches, with depositional reaches that support attenuation of flows 

and sediment located between critical infrastructure and transport reaches that support 

transport of flows and sediment located adjacent to critical infrastructure. (Indicator used to 

evaluate condition: In-stream sediment responses)  

2. Water quality in river corridors supports current and future aquatic life and beneficial uses (e.g., 

other standards are more stringent or there are not applicable aquatic life standards). (Indicator 

used to evaluate condition: BMI responses) 

3. Uplands forest and grassland structure supports high-quality (e.g., high number of native species 

and self-sustaining) habitat for native wildlife and improves resiliency to high severity wildfires, 

floods, and other disturbances (e.g., forest structure includes a range of species, age classes, 

tree sizes, irregularly spaced tree groups, and gaps and openings of various sizes) now and in the 

future. (Indicator used to evaluate condition: Upland understory vegetation responses) 

3.2 Metrics 

In this report, following guidance from the Adaptive Management at Scale Monitoring Framework, we 

report on the following metrics, which inform the above described desired future conditions. 

In-stream fine sediment metrics: 

Percent fines: Percentage of sediment less than 2 millimeters relative to other sizes of gravels, cobbles, 

boulders, and bedrock. Thresholds exist for mountain and foothills biotypes where excessive sediment 

can take up habitat for stream bottom dwelling insects. 

BMI metrics: 

Multi metric index (MMI): Developed by the State of Colorado as a way to assess BMI population health 

and aquatic life impairments across the state. Number from 1 to 100; uses eight equally weighted 

metrics from a random subset of the total BMI sample (which means a repeat analysis on the same 

sample might yield slightly different results) to provide a single index score. Higher scores reflect the 

https://docs.google.com/spreadsheets/d/1OB8lk41NtMRL6gkRp0Jm5vQ8suyn3W3QQcik6PKCEp0/edit?gid=296810220#gid=296810220
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presence of sensitive taxa, suggesting better water quality. An increase in scores suggests better water 

quality. 

Sediment tolerance indicator (TIV): Tolerance number from 0 to 10; higher scores indicate that the BMI 

community is composed of species that are more tolerant to fine sediment deposits. An increase in 

scores suggests an increase in sediment impacts to the BMI community.  

Hilsenhoff biotic index (HBI): Tolerance number from 0 to 10; higher scores indicate that the BMI 

community is composed of species that are more tolerant to organic pollution/nutrient enrichment. An 

increase in scores suggests a decrease in water quality due to nutrient impacts.  

Shannon diversity index (Diversity): Combination of richness (i.e., number of species) and evenness 

(i.e., relative abundances of each species); higher scores indicate higher biological variability among the 

BMI community, and scores lower than 1 generally indicate pollution impacts. 

Understory vegetation metrics: 

Site-level native and non-native species richness: The mean number of unique native and non-native 

species at a site. High numbers of non-native species (that also occur in high abundance/large cover) 

could suggest issues at a site. No established thresholds exist. 

Site-level native and non-native cover proportions: The relative proportion of cover occupied by native 

and non-native ground cover species. No established thresholds exist. 

3.3 Methods 

BMI 

All samples were collected annually in the fall from 2021-2023 using the CDPHE kick net sampling 

method. Some sites have historical data dating back to 2018. Once samples were collected, they were 

stored in a solution of 75% ethanol and 25% water. They were then sent to an aquatic specialist for 

species identification to species when possible and metric calculation. Metric values were plotted as bar 

graphs with State of Colorado thresholds overlaid. 

In-stream fine sediment 

Sediment monitoring was conducted using the Wolman Pebble Count method. Data were averaged at 

the site-level and plotted as bar graphs with one standard error plus or minus the mean to show 

variation among transects. State of Colorado thresholds were overlaid. 

Understory vegetation 

Vegetation monitoring was conducted using a line point intercept method. One hundred foot transects 

were established in various treatments representative of the area. Technicians walked along the 

transect line and recorded a “hit” at every foot along the line. Only the first hit below chest height was 

recorded. After the transect was completed, up to 15 minutes were spent looking for species that were 

present within 1 meter on either side of the line but not hit and recorded. Species were identified down 

to the species level when possible. Native status, growth form, and growth duration were also recorded 

when possible. Species richness was calculated by summing the unique individual species along a 

https://watershed.center/wp-content/uploads/2019/05/WQCD-BMI.pdf
https://watershed.center/wp-content/uploads/2019/05/WQCD-BMI.pdf
https://watershed.center/wp-content/uploads/2022/06/Pebble-Counts.pdf
https://watershed.center/wp-content/uploads/2022/06/2022_UplandCommunityCompMonitoringProtocol.docx
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transect, ignoring species whose native status was unknown. Thus, actual species richness is likely higher 

than we report here.  Species richness was averaged among the number of transects sampled per year 

per site and treatment, which varied year to year due to modifying and refining protocols. Data were 

plotted as bar graphs with one standard error plus or minus the mean to show variation. Proportion of 

cover was calculated by dividing the number of hits recorded for a given species by the total hits along 

the transect, ignoring species that were only present but not hit. Proportions among transects were 

averaged together, scaled to one, and are represented as stacked bar charts. Note that individual 

transect proportions always sum to one, but scaling to one was required due to small differences in total 

proportion from averaging across transects. 

 

4. Calwood and Left Hand fires overview 
 

The Calwood Fire began at the Cal-Wood Education Center on October 17, 2020, burning more than 

10,000 acres and destroying 26 structures. It was the largest fire by area in recorded Boulder County 

history. On October 18, 2020, the Lefthand Canyon Fire, unrelated to the Calwood Fire, burned 460 

acres. Both fires drastically altered ecological and geomorphological conditions across the landscape due 

to the high intensities of the fires. 

To mitigate impacts from the fires, an enormous amount of work was done in the immediate years 

following the fires (Fig. 1). In response to the Calwood Fire to mitigate sediment impacts to river 

systems, $4.2 million dollars was secured from federal and state funds for use on aerial mulching over 

2,000 acres and another $1.7 million on constructing more than 100 in-stream wood and rock 

structures, culvert replacements, roadwork, and two areas of extensive floodplain grading on Geer and 

Plumely Creeks. This was the largest mulching project in Colorado history at the time. 45% of all high 

and moderate burn severity areas in the fire footprint were mulched with 61% of those areas on 20-60% 

grade slopes. 85% of those slopes were on Boulder County and private lands (excluding US Forest 

Service acreage). A map of mulching area can be found here. Additionally, Boulder County Parks and 

Open Space (BCPOS) planted 3,598 ponderosa pine seedlings at Heil Valley Ranch. Three years post 

planting, the survival rate across all sites averaged 62%, and the highest elevation site had an 81% 

survival rate. 

The Watershed Center managed additional post-fire restoration work in 2021 and 2022 with additional 

funding from the Boulder County Community Foundation, City of Longmont, and St. Vrain and Left Hand 

Water Conservancy District. Work included mulching (15 acres in the Lefthand Canyon burn footprint), 

six drainages and roads stabilized (five in Calwood and one in Lefthand Canyon), 59 acres re-seeded (44 

in Calwood and 15 in Lefthand Canyon), and 2,295 plantings, 23 acres of weeds spot sprayed, 21 acres of 

weeds hand pulled, two acres of slash removal all in the Calwood burn footprint. In total, 25 volunteer 

stewardship and monitoring events were hosted by The Watershed Center, Cal-Wood Education Center, 

and Boulder County. In 2024, The Watershed Center managed additional drainage stabilization in three 

drainages at Cal-Wood Education Center with the replacement and addition of new straw check dams 

and spot spraying for weeds. 

https://watershed.center/wp-content/uploads/2022/12/BCPOS-Mulching-Appx.pdf
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Figure 1. Examples of post-Calwood Fire restoration work completed by BCPOS at Heil Valley Ranch. (A) 

Accumulation of sediment behind felled tree. (B) Accumulation of sediment behind a rock check dam. Felled trees 

into channels and rock check dams slow water flow and allow sediment to drop out of the water column. (C) 

Completed Zuni bowl structure that protects against head cutting in meadows. Rocks protect vegetation roots and 

stabilize the banks. Over time, sediment may fill in and vegetation may re-establish. 

 

To examine river system responses of the Calwood Fire in the Left Hand Watershed, we selected three 

sites (two reference, one impact) on Left Hand Creek (Fig. 2). To examine river system responses of the 

Calwood Fire in the St. Vrain Watershed, we selected five sites (one reference, four impact) on South St. 

Vrain Creek (Fig. 3). To examine upland understory vegetation responses of the Calwood Fire, we 

selected two sites (Cal-Wood Education Center, hereafter referred to as Calwood, and Heil Valley Ranch; 

Figs. 4). To examine upland understory vegetation responses of the Lefthand Canyon Fire, we selected 

one site (Left Hand; Fig. 5). Site selection was determined by relevance to study questions, presence of 

historical data, and partner input. Disparity between Left Hand Creek impacted sites (i.e., one site, 

Ranch, which is far from contaminant sources) and South St. Vrain Creek impacted sites (i.e., four sites, 

range of close to far from contaminant sources) was due to private property site access limitations. 
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Figure 2. Map of Left Hand Creek monitoring sites. Red polygon represents the Calwood Fire burn footprint. Green 

dots indicate reference sites and yellow dots indicate impacted sites downstream of sediment and contaminants 

sources where sediment and BMI data were collected. 

 

 

Figure 3. Map of South St. Vrain Creek monitoring sites. Red polygon represents the Calwood Fire burn footprint. 

Green dots indicate reference sites and yellow dots indicate impacted sites downstream of sediment and 

contaminants sources where sediment and BMI data were collected. 
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Figure 4. Map of Calwood Fire monitoring sites and transects. Red polygon represents the Calwood Fire burn 

footprint. Orange pins indicate transects at Cal-Wood Education Center (Calwood) and green pins indicate 

transects at Heil Valley Ranch. Transects span unburned unmitigated forest, burned unmitigated forest, unburned 

mitigated forest, burned mitigated forest, unburned meadow (not present at Heil Valley Ranch), and burned 

meadow treatments. 
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Figure 5. Map of Lefthand Canyon Fire monitoring sites and transects. Red polygon represents the Lefthand 

Canyon Fire burn footprint. Orange pins indicate transects at Left Hand US Forest Service and private property. 

Transects span unburned unmitigated forest, burned unmitigated forest, unburned mitigated forest, burned 

mitigated forest, unburned meadow, and burned meadow treatments. 

 

5. Post-fire impacts in rivers 

5.1 Background 

Monitoring and data presented in this report address two questions related to impacts on river systems: 

1. Does post-Calwood Fire runoff increase the percent of fine sands during low flow at 

downstream sites on Left Hand and South St. Vrain Creeks? 

2. Does post-Calwood Fire runoff impair the BMI community at downstream sites on Left Hand and 

South St. Vrain Creeks? 

The high intensity of the Calwood Fire burned much of the forest vegetation in the burn footprint 

including trees, shrubs, and forbs and grasses on the ground. Additionally, hydrophobic soils developed 

whereby snow runoff and precipitation flowed downslope without being absorbed into the ground. 

Together, this created instances during intense precipitation events where the top layer of loose soil, 

rock, and debris flowed at high velocities into downstream river systems. Along with increased sediment 

loads, runoff can cause soils high in dissolved organic carbon, nitrogen, and phosphorus as well as heavy 

metals depending on pre-fire composition to flow into rivers. These contaminants can be directly toxic 

to aquatic life, pose hazards for drinking water, and lead to algae blooms, which then can positively and 

negatively feedback on aquatic life. 

Aquatic insects (i.e., BMI) inhabit the interstitial space between and underneath rocks along the 

streambed and are a large source of prey for fish populations. Fish also rely on clean substrate to lay 

eggs and seek habitat in the interstitial spaces. As normal hydrologic processes occur, fine sediment (i.e., 

<2 mm sands) collects in those spaces. While some sediment accumulation is expected and crucial for 

maintaining healthy river structure, too much sediment accumulation can decrease habitat for the BMI 

and fish communities, especially at higher elevation canyons and foothills streams. Wildfires can greatly 

exasperate the amount of fine sediment that flows into rivers, which can negatively impact BMI and fish 

communities. BMI are known as indicator taxa because they are sensitive to impacts like increased 

sedimentation and pollution. BMI community composition is commonly used to identify changes in 

water quality conditions (e.g., increased nutrient pollution).  

 

5.2 Results and discussion 

Fine sediment 

All sites downstream of the Calwood Fire burn footprint had higher amounts of fine sediment in the year 

following the fire compared to sites located upstream of the burn footprint (Fig. 6A-B). However, no 
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sites that we monitored exceeded State of Colorado established thresholds, indicating that these 

reaches were not impaired for this parameter. Sediment loads above thresholds indicate that aquatic 

life could be impaired due to displacement of BMI taxa that inhabit the space between rocks with BMI 

taxa that are tolerant to sediment impacts. 

At some sites, (e.g., Ranch and Hall Meadows), we observed a high percentage of fine sediment in 2021 

one year following the fire relative to pre-fire amounts at those sites. However, by 2022, fine sediment 

amounts at those sites decreased by almost 50%. Alternatively, at Deadmans, percent fines was not 

significantly different from 2021 to 2022. Black water, which is the combination of water, fine sediment, 

and ash, is a common occurrence in post-fire runoff. It can hold heavy metals depending on soil 

composition and alter pH levels, which can harm aquatic life and drinking water as well as clog 

waterways with sediment, which can also negatively affect aquatic life and diversion infrastructure. 

Black water was observed in the Left Hand Watershed (Fig. 7A) immediately after the Calwood Fire, and 

ash deposition was observed as recent as fall 2023 at Central Gulch in South St. Vrain Creek. 

Differences in site-level sediment accumulation could be due to several reasons. First, Ranch and Hall 

Meadows are the most downstream sites that we monitored on Left Hand Creek and South St. Vrain 

Creek, respectively, and are several miles away from sediment sources (i.e., Geer Creek as it enters Left 

Hand Creek and Central Gulch as it enters South St. Vrain Creek; Figs. 2-3). Distance from the sediment 

source appears to influence sediment accumulation at our monitoring locations. The monitoring 

location at Deadmans is closer to its sediment source (confluence of Central Gulch and South St. Vrain 

Creek) and observed more sedimentation over multiple years than the monitoring locations at Ranch 

and Hall Meadows, which were further from their sediment sources (Geer Creek confluence with Left 

Hand Creek and the confluence of Central Gulch South St. Vrain Creek respectively) and showed 

decreased sedimentation two years post-fire. 

It is possible that by two years following the fire, sediment at these sites had been flushed downstream 

with new sediment inputs remaining closer to the sediment source. Second, these sites or areas 

upstream of these sites could have site-level characteristics (e.g., presence of pools, functioning 

floodplain connectivity) that help prevent sediment accumulation in riffles where Wolman pebble 

counts are conducted. Conversely, Deadmans is just downstream of the confluence of Central Gulch and 

South St. Vrain Creek. Deadmans, and the reach upstream to Central Gulch, is likely to receive the 

majority of sediment inputs due to geographic location and topography as water begins to slow down 

after leaving Central Gulch and entering the lower grade reaches of South St. Vrain Creek. 
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Figure 6. Mean percentage of sands (<2 mm) ± one standard error at sites (oriented from highest elevation to 

lowest elevation) along (A) Left Hand Creek and (B) South St. Vrain Creek. Vertical black lines represent when the 

Calwood Fire occurred and is only present on sites located downstream of the burn footprint. Yellow bars 

represent the year 2021, which was the first monitoring year following the fire when most impacts are observed. 

Blue bars represent other years that were monitored. Horizontal solid red lines indicate thresholds as determined 

by the State of Colorado. Thresholds vary by watershed zone (canyons, foothills, and plains). Numbers above bars 

indicate the number of transects, which were used to calculate standard error. Pebble counts are measured in 

riffles, and some sampling reaches did not have more than two riffles. Absent bars indicate that monitoring did not 

occur at that site for the given year. 

 

https://watershed.center/wp-content/uploads/2022/06/Regulation-31-Policy-98-1SedimentGuidance2021withAppendices-2014-2024.pdf
https://watershed.center/wp-content/uploads/2022/06/Regulation-31-Policy-98-1SedimentGuidance2021withAppendices-2014-2024.pdf
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Figure 7. (A) Black water, the combination of water and fine sediment, predominately made of ash, flows down 

Geer Creek into Left Hand Creek. Photo credit: Watershed Science and Design. (B) The Watershed Center staff 

measure sediment deposition by conducting pebble counts at Deadmans, which is located downstream of the 

confluence of Central Gulch and South St. Vrain Creek. Deadmans had increased sediment loads in 2021, which did 

not decrease in 2022 like most other sites did. 

 

In 2022, we observed high sediment loads at Legacy 1, which is upstream of the confluence of Geer 

Creek and thus, the majority of post-Calwood Fire impacts. This observation could be due to continued 

mobilization of sediment from the Lefthand Canyon Fire further upstream or from restoration actions 

that have taken place at this site, which had sediment capture as a specific restoration goal. However, at 

Legacy 1, monitoring occurred in the mainstem of Left Hand Creek, away from sediment capture 

features, where sediment would not be expected to accumulate. We will continue to monitor this site. 

While fine sediment did accumulate at downstream sites in the first year following the Calwood Fire, 

those impacts have mostly ameliorated two years following the fire, more so in sites further 

downstream. Additionally, though sediment deposition did occur, all increases were still below State of 

Colorado established thresholds.  

BMI community responses 

No lasting impacts on the BMI community were observed due to the Calwood Fire. Most sites that we 

monitored along Left Hand Creek and South St. Vrain Creek experienced metric value fluctuations that 

were likely within their normal range of variability. Central Gulch was the one exception to this trend 

(Fig. 9A-C), which temporarily exhibited significant change in its BMI community likely from pollution 

following the Calwood Fire.  

The Central Gulch monitoring location is immediately downstream of the confluence of Central Gulch 

and South St. Vrain Creek. Central Gulch is the main source of contaminants from the fire that would 

flow into South St. Vrain Creek due to its proximity to the burn footprint, so it is understandable why 

this site scored poorly across metrics. Additionally, compared to the Geer Creek drainage/Left Hand 

Watershed, a much smaller percentage of the burn area within the Central Gulch drainge received any 

aerial mulching. First, the multi metric index (MMI) score, which is a single score calculated from several 
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components from the BMI sample and can provide a snapshot of overall community functioning and 

water quality issues, fell below the impairment threshold in 2021 (Fig. 9A). The Hilsenhoff biotic index 

(HBI) score, which captures nutrient impacts, was elevated compared to previous years and almost 

exceeded the impairment threshold (Fig. 9B). Finally, the Shannon diversity index, which is a measure of 

the total number of unique taxa and their relative abundances, fell below the impairment threshold (Fig. 

9C). Surprisingly, we did not observe an increase of the sediment tolerance indicator value (TIV) score 

(Fig. 9D) given the significant sediment deposition observed in South St. Vrain Creek described in the 

previous section. Together, these metrics indicate significant water quality issues were present at 

Central Gulch in fall of 2021. Fortunately, the BMI community metrics returned to historical levels by 

2022. Slight fluctuations in Deadmans and Hall Meadows in 2021, both downstream of Central Gulch, 

could be attributed to post-fire impacts, though they were likely minimal.  

We also note that Hall Meadows showed a decreased diversity score in 2022 and had a likely lower than 

normal score relative to its historical range of variability in 2023. This could be due to elevated HBI 

scores at Hall Meadows in 2022 and 2023, possibly from continued post-fire impacts, restoration and 

associated construction on Highway 7 in 2022 and 2023, or something else. We are investigating other 

potential causes.  
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Figure 8. (A) MMI, (B) HBI, and (C) Diversity scores for sites (oriented from highest elevation to lowest elevation) 

along Left Hand Creek. Vertical black lines represent when the Calwood Fire occurred and is only present on sites 

located downstream of the burn footprint. Yellow bars represent the year 2021, which was the first monitoring 

year following the fire when most impacts are observed. Blue bars represent other years that were monitored. 

Horizontal solid and dashed red lines represent the impairment and attainment thresholds, respectively, as 

determined by the State of Colorado. MMI scores below the solid threshold line, HBI scores above the threshold 

line, and diversity scores below the threshold line represent impairments. TIV scores were not calculated for Left 

Hand Creek sites because no threshold exists for the sediment region that sites are located in. 

 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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Figure 9. (A) MMI, (B) HBI, (C) Diversity, and (D) TIV scores for sites (oriented from highest elevation to lowest 

elevation) along South St. Vrain Creek. Vertical black lines represent when the Calwood Fire occurred and is only 

present on sites located downstream of the burn footprint. Yellow bars represent the year 2021, which was the 
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first monitoring year following the fire when most impacts are observed. Blue bars represent other years that were 

monitored. Horizontal solid and dashed red lines represent the impairment and attainment thresholds, 

respectively, as determined by the State of Colorado for MMI, HBI, and Diversity scores and the impairment 

threshold for the TIV score. MMI scores below the solid threshold line, HBI scores above the threshold line, 

diversity scores below the threshold line, and TIV score above the threshold line represent impairments.  

 

To summarize our results regarding wildfire impacts on rivers and to answer the two questions 

presented at the beginning of this section, the Calwood Fire did lead to increased fine sediment 

deposition and BMI impairments at sites downstream of the burn footprint. However, both of these 

results only lasted one year, possibly excepting elevated HBI scores and decreased diversity scores at 

Hall Meadows, which may or may not be related to the Calwood Fire, and at the sites nearest to the 

sediment and contaminant sources, which, in this case, was the Geer Creek drainage into Left Hand 

Creek and the Central Gulch drainage into South St. Vrain Creek.  

Our study was relatively coarse in scale, as we only monitored in the fall annually and in mainstem 

creeks. Future research should examine wildfire impacts on river systems at a finer temporal and spatial 

scale in mainstem creeks and tributaries like Geer Creek and Central Gulch, as river systems are dynamic 

and vary seasonally and annually depending on snowpack and precipitation events. However, we still 

emphasize the importance of ongoing, long-term monitoring, even at coarser scales, to capture impacts 

to mainstem river systems, which could have the most significant impacts to aquatic life and 

downstream communities. While impacts ameliorated within two years, we recommend proactive 

management before and immediately after fires to mitigate impacts to aquatic life and water resources. 

While short-lived, impacts can have greater and longer lasting effects on ecosystems such as fisheries 

and other wildlife. Water intakes are often shut down during sediment laden flows, reducing water 

availability. Suggested projects include implementing proactive resilient river restoration projects that 

incorporate features such as multi-threaded channel systems, beaver mimicry structures, and floodplain 

roughness that aim to reconnect rivers with their floodplains in high wildfire risk areas upstream of 

critical water infrastructure and upstream of communities. It also includes smaller scale post-fire 

projects in tributaries to mainstem rivers such as installation of straw check dam series or log structures 

to catch and slow sediment. Straw bale check dams were implemented at Cal-Wood Education Center in 

intermittent drainages to great success immediately after the Calwood Fire in 2021 and again in 2024 

(Fig. 10). They offer a relatively low-cost, low-tech solution to mitigate some of the post-fire 

sedimentation impacts. We note that straw check dams could introduce weed seeds into streams, which 

can disperse downstream, so careful sourcing of materials is crucial. In systems with less stream force, 

coir wattles can be used. 

 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
https://watershed.center/wp-content/uploads/2023/08/Regulation-31-Policy-98-1SedimentGuidance2021withAppendices-2014-2024.pdf
https://watershed.center/wp-content/uploads/2023/08/Regulation-31-Policy-98-1SedimentGuidance2021withAppendices-2014-2024.pdf
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Figure 10. (A) Straw check dams constructed at Cal-Wood Education Center in 2021. Check dams are meant to 

slow water and encourage sediment deposition before flowing into mainsteam rivers. Check dams that were 

installed in 2021 were inoculated with fungi to encourage breakdown and improve soil health, and thus, encourage 

vegetation establishment. (B) Degrading check dams were repaired and reinforced, and additional check dams 

were constructed where necessary in fall 2024. 

 

6. Post-fire recovery of upland understory vegetation 

6.1 Background 

Monitoring and data presented in this report address two questions related to impacts on and recovery 

of upland forest and meadow systems: 

1. How does understory community species richness, cover, and structure differ among burned 

and unburned meadows and burned and unburned mitigated and unmitigated forests 

(conditions monitored included unburned + unmitigated forest; burned + unmitigated forest; 

unburned + mitigated forest; burned + mitigated forest; unburned meadow; burned meadow)? 

2. Is understory community composition more resilient (e.g., more native species, maintained or 

improved vegetated cover, maintained or improved structure) in meadows and mitigated 

forests than unmitigated forests to fire? 

The Lefthand Canyon and Calwood fires burned predominantly as high intensity fires, burning mature 

trees, shrubs, and forbs and grasses on the ground at high temperatures and leading to hydrophobic 

soils. Alternatively, low intensity fires are characterized by relatively low temperature burns that largely 

remain on the ground and out of the tree canopy and do not result in hydrophobic soils. Many of the 

forests below ~9000 ft. in Colorado’s Front Range are dependent on low intensity fires to remove dense 
understory vegetation and cycle nutrients to maintain an ecologically well-functioning system. In low 

intensity fires, vegetation usually recovers on its own within several years, which greatly reduces the 

concern of non-native species outcompeting native species. Because high severity fires are characterized 

by higher rates of plant mortality, including potentially native seeds stored in the seed bank in top soil, a 
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primary concern of resource managers is the increase in presence and abundance of non-native species 

that are opportunistic to disturbances driven by the lack of native seed sources and decrease in soil 

organic matter that they need to grow. Other concerns include hillslope erosion and debris flows from 

lack of stabilizing vegetation. 

Our monitoring design assessed the understory vegetation community at three burn sites and six site 

conditions within the Lefthand Canyon and Calwood fires footprints. Burn sites included Left Hand 

(Lefthand Canyon Fire), Calwood (Calwood Fire), and Heil Valley Ranch (Calwood Fire), and site 

conditions included: unburned + unmitigated forest, burned + unmitigated forest, unburned + mitigated 

forest, burned + mitigated forest, unburned meadow, and burned meadow. Each burn site had all six 

site conditions except Heil Valley Ranch, which did not have any unburned meadows. In 2021, each site 

condition was monitored using between three and twelve transects as monitoring protocol was still 

being refined. In 2022 and 2023, each site condition was monitored using three transects.  

 

6.2 Results and discussion 

We generally observed high numbers of native species relative to non-native species across all sites and 

conditions, and our primary concern is limited to the large proportion that bare ground and just a few 

non-native species make up in ground cover in burned forested conditions (Figs. 14-16). Due to 

excessive bare ground and the ability of these non-native species to colonize disturbed areas, careful 

consideration should be given on how to manage these species and restore native species diversity. We 

do note, however, that bare ground has been steadily decreasing in several burned forested conditions 

over time. 

Our results suggest that vegetation responses among management conditions are fire- and/or site- 

specific. For example, fuels reduction treatments (i.e., forest thinning) completed at Calwood and Left 

Hand displayed limited post-fire non-native colonization. One purpose of tree thinning is to keep fire on 

the ground and out of the tree canopy. This ideally leads to low intensity burns, which can maintain or 

improve ecological functioning and encourage native vegetation growth in many Colorado Front Range 

forests. However, we found forest thinning at Heil Valley Ranch, while it did lessen fire severity in most 

areas (Fig. 11), did not limit non-native colonization as compared to post-fire areas that did not have 

pre-fire thinning (Figs. 12 and 15-17). 
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Figure 11. Map of Calwood Fire burn severity (red indicates a high severity burn, yellow indicates and moderate 

severity burn, and green indicates a low severity burn) and BCPOS forest thinning treatments (outlined by blue 

lines). Areas that had been thinned prior to the Calwood Fire predominately burned as low and moderate severity 

fires. 

 

Increased abundance of non-native species post-treatment in unburned areas at Heil Valley Ranch could 

be due to legacy cattle overgrazing and sandstone quarry extraction effects still present from before the 

property was acquired by BCPOS, rather than a direct impact of the thinning treatment. When animals 

graze, they frequently selected the youngest, most lush vegetation, leaving behind taller, more mature 

plants. This creates open areas that allow light to reach non-native weed seeds and seedlings. 

Additionally, overgrazing can disturb the soil, which can lead to weeds invading, and decrease the cover 

of native plants, which can also lead to weeds proliferating. Many of those weeds are not palatable to 

livestock, which creates a positive feedback loop where the stronger the grazing pressure, the more 

weeds are able to establish. According to BCPOS staff, Heil Valley Ranch has previously exhibited 

responses similar to what we observed here whenever a disturbance has occurred regardless of how 

severe or minor it was (e.g., 2013 flood, forest thinning, prescribed fire, etc.). Prior to some forest 

thinning and/or prescribed fire treatments, BCPOS treated project areas for weeds and then completed 

the prescribed treatment, only to be forced to treat weeds again because of how prolific they were at 

re-establishing. Due to historical overgrazing and what BCPOS have observed at Heil Valley Ranch, non-

native seeds are likely abundant in the seed bank. 
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Given local knowledge about historical overgrazing and non-native seed issues at Heil Valley Ranch, our 

results showing that non-natives were abundant in burned + mitigated forest conditions are less 

surprising considering what we would expect to observe generally in forest thinning treatments. This is 

further supported by what we observed in unburned + mitigated forest conditions. Mitigated unburned 

forests at Heil Valley Ranch had the highest proportion of non-native cover compared to other sites of 

the same condition (Fig. 17B), which suggests that non-native species were already present on the 

landscape prior to the Calwood Fire. We likely observed this because previous forest thinning disturbed 

the area and allowed more light to reach the forest floor, which created an opportunity for non-native 

seeds stored in the seed bank to establish. When a severe disturbance like the Calwood Fire burned 

through the mitigated treatments, it created an opportunity for non-native weeds to further colonize 

the area. 

Alternatively, at Calwood, we observed an increasing trend among non-native species richness and 

ground cover from 2021 to 2023 in the unmitigated + burned forest treatment (Fig. 16A-B). This is in 

stark contrast to the unmitigated + unburned forest treatment at Calwood, which had no non-native 

species present, and to unmitigated + burned forest treatments at Left Hand and Heil Valley Ranch (but 

note less drastic increasing trend at Heil Valley Ranch described above; Figs. 15 and 17). This trend is 

more expected given what we currently know about the ecological benefits of forest thinning on 

ponderosa pine forests at this elevation in the Front Range. Still, the increasing trend of non-native 

species colonization at Calwood is concerning, and we recommend continuing weed management and 

restoration to establish native species diversity and a well-functioning vegetation community.  

 

 

Figure 12. 2023 photos of representative transects in mitigated burned forests at: (A) Left Hand. High native 

species but also high bare ground cover is present. (B) Calwood. High native species richness and ground cover 

(but note some Canada thistle present) is present. (C) Heil Valley Ranch. High non-native species cover with some 

native species present in small individual numbers and a fair amount of bare ground is present. 
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Figure 13. 2023 photos of representative transects in unmitigated burned forests at: (A) Left Hand. High native 

species richness but also high bare ground cover is present. (B) Calwood. Non-native ground cover (e.g., Canada 

thistle) dominates. (C) Heil Valley Ranch. Native and non-native species make up ground cover with fair amounts of 

bare ground cover present. 

 

 

Figure 14. 2023 photos of representative transects in burned meadows at: (A) Left Hand, (B) Calwood, and (C) Heil 

Valley Ranch. High native species richness and ground cover with minimal bare ground are present at all sites.  
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Figure 15. Left Hand (A) Species richness. Green bars represent the number of native species and purple bars 

represent the number of non-native species. Error bars represent one standard error plus or minus the mean 

species richness per treatment. The number on top of the bar indicates the number of transects that were 

monitored.  (B) Native and non-native proportion of vegetated cover. Green bars represent the proportion of 

native species and purple bars represent the proportion of non-native species. The dashed line at 0.50 represents 

the 50% proportion line as a visual aid. (C) Proportion of cover types/growth forms that make up total ground 

cover. Colors of cover types/growth forms correspond to labels in legend. 
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Figure 16. Calwood (A) Species richness. Green bars represent the number of native species and purple bars 

represent the number of non-native species. Error bars represent one standard error plus or minus the mean 

species richness per treatment. The number on top of the bar indicates the number of transects that were 

monitored.  (B) Native and non-native proportion of vegetated cover. Green bars represent the proportion of 
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native species and purple bars represent the proportion of non-native species. The dashed line at 0.50 represents 

the 50% proportion line as a visual aid. (C) Proportion of cover types/growth forms that make up total ground 

cover. Colors of cover types/growth forms correspond to labels in legend.  

 

 

Figure 17. Heil Valley Ranch (A) Species richness. Green bars represent the number of native species and purple 

bars represent the number of non-native species. Error bars represent one standard error plus or minus the mean 
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species richness per treatment. The number on top of the bar indicates the number of transects that were 

monitored.  (B) Native and non-native proportion of vegetated cover. Green bars represent the proportion of 

native species and purple bars represent the proportion of non-native species. The dashed line at 0.50 represents 

the 50% proportion line as a visual aid. (C) Proportion of cover types/growth forms that make up total ground 

cover. Colors of cover types/growth forms correspond to labels in legend. 

 

Non-native species that we observed in high numbers of include prickly lettuce (Lactuca serriola), 

Canada thistle (Cirsium arvense), and woolly mullein (Verbascum thapsus) at Calwood and woolly 

mullein, cheatgrass (Bromus tectorum), and musk thistle (Carduus nutans) at Heil Valley Ranch. The 

most concerning of these species are Canada thistle and cheatgrass for their propensity to reproduce 

rapidly and difficulty in eradication, though mechanical and chemical herbicide applications can be 

effective if implemented at the correct time of the year (see Fig. 12B for Canada thistle cover at 

Calwood). Mullein is pervasive across the landscape, especially at Heil Valley Ranch (Figs. 12C and 18), 

but has been shown to decrease over time as native species outcompete it. Initial weed management at 

Calwood and Heil Valley Ranch focused on controlling Canada thistle, knowing that musk thistle and 

mullein would become abundant as a tradeoff. Additionally, to control mullein, a broad spectrum 

herbicide would have likely been required, which would likely have had off-target impacts to native 

species. Given those considerations and approach to weed management, these results are not entirely 

unexpected. 

 

 

Figure 18. Large number of mullein individuals in burned mitigated forest treatment at Heil Valley Ranch in 2022. 

Mullein thrives in recently disturbed areas but is natural outcompeted by native species over time. 
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Meadows appeared to be the most resistant to post-fire species composition changes as we did not see 

significant differences between burned and unburned conditions across sites and years in terms of 

species richness or ground cover (Figs. 14-17). It is possible that the fires behaved as a more typical low 

intensity fire in these areas. 

To summarize our results regarding wildfire impacts on upland understory vegetation and to answer the 

two questions presented at the beginning of this section, 

 We did find differences in species richness and cover between site conditions though there is a 

large fire- and site-specific component involved.  

 Pre-fire forest thinning was associated with decreased non-native species cover at Calwood and 

increased cover at Heil Valley Ranch. Sites in the Left Hand burn area were largely unaffected, 

regardless of whether it was thinned prior to fire or not.  

 Resiliency (i.e., more native species, more native cover, less bare ground, etc.) was also site 

dependent except for meadows, which were overall unaffected by post-fire impacts across all 

sites (though we were unable to make a direct comparison at Heil Valley Ranch due to no 

unburned meadows being present). 

While recovery of understory vegetation communities at Left Hand, Calwood, and Heil Valley Ranch is 

occurring in many areas, we still observed some increasing trends of non-native species and stable high 

levels in some forested conditions. We recommend management strategies to decrease bare ground 

and encourage native species establishment that will eventually outcompete non-native species 

colonization. Also, while we did not examine tree regeneration specifically, except for where we 

captured presence of seedlings along transect lines, anecdotally, we did not observe abundant 

ponderosa pine regeneration at any site in any burned treatment (Figs. 15-17 and 19D). With a warming 

climate, it may be difficult for pines to naturally re-establish. If resource managers wish to return these 

landscapes to forested ecosystems instead of naturally letting them transition to grasslands, tree 

planting projects might need to occur. 
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Figure 19. (A) Post-fire meadow at Calwood in 2021 and (B) same post-fire meadow at Calwood in 2023. Burned 

meadows appeared to be more resilient than burned forested treatments. They showed fewer changes in bare 

ground, species richness, and proportion of native cover. (C) Post-fire forest at Left Hand in 2021 and (D) same 

post-fire forest at Left Hand in 2023. Tree mortality was severe little signs of regeneration and large amounts of 

bare ground. 

 


