
State of the Watershed  

2023 Interim Report 
Released in September 2023 

 

 
 

 



Executive Summary 

The Watershed Center developed this report for partners and community members across 
Boulder County that manage and monitor watersheds, including land managers, academic 
researchers, non-profit organizations, and interested public. The purpose of the annual State of 
the Watershed report is to relay and document what we have learned about watershed health 
in the St. Vrain Basin to our broad partner network.  

The St. Vrain Basin represents diverse ecological conditions from high alpine forests and 
streams to dryland grassland ecosystems. Disturbances such as floods, wildfires, and long-term 
drought, as well as human impacts such as urban, agricultural, and recreational land uses 
impact the natural environment. Long-term (trend-based) and discrete (issue-based) 
monitoring help aid land managers and others in making the best decisions to help sustain 
resilient ecosystems.  

In this report, we present on 1) benthic macroinvertebrate community trends across the St. 
Vrain Basin, 2) river sediment and habitat trends in the Boulder Watershed (including its sub-
watersheds), and 3) impacts of the Marshall Fire on the benthic macroinvertebrate community 
and riparian vegetation in and along Coal Creek. We graciously thank our funders and partners 
of this project as well as partners who shared data to help make this report possible. Our main 
takeaways for each watershed are below. 

 

St. Vrain Watershed 

While our results suggest that benthic macroinvertebrate communities are generally healthy, 
two unknown impacts occurred (one at Golden Fredstrom in 2021 and one at Hall Meadows in 
2022). Golden Fredstrom recovered by 2022, and The Watershed Center will continue 
monitoring at Hall Meadows in 2023. Additionally, New Zealand Mudsnails were discovered at 
Golden Fredstrom in 2022, and highlighted the need for cross-Basin collaborative management 
and monitoring. The existing New Zealand Mudsnail group, which was focused on the Boulder 
Watershed expanded to include the City of Longmont, City of Boulder Open Space and 
Mountain Parks, Boulder County Parks and Open Space, Colorado Parks and Wildlife, and The 
Watershed Center to share information and management strategies. 

 

Left Hand Watershed 

The benthic macroinvertebrate community appears to be healthy, which suggests good water 
quality. A decreasing trend in sediment impacts was observed at The �t���š���Œ�•�Z�����������v�š���Œ�[�•���^�š���P����
Zero restoration site, which suggests that Stage Zero restoration could be effective at 
attenuating flows and catching sediment. These projects can serve as important buffers to 
downstream infrastructure as wildfire risk and their impacts to rivers increase. 



 

Boulder Watershed 

While benthic macroinvertebrate communities appear to be in good health at higher 
elevations, we observed significant impacts at lower elevations, which suggests issues with 
water quality. These observations are likely due to various drivers including urbanization, 
agriculture (e.g., runoff inputs), flow augmentation (e.g., municipal and agricultural ditch 
operations, wastewater treatment effluent), and impacts from the Marshall Fire. The 
Watershed Center is working with partners that manage in this watershed area to modify our 
monitoring framework sampling design to accurately capture conditions and incorporate new 
indicators and assessments to investigate the possible drivers to poor water quality (e.g., 
urbanization, agriculture, ditch operations, Marshall Fire, etc.). 

The impacts of the Marshall Fire on benthic macroinvertebrate communities in Coal Creek were 
difficult to �]�v�š���Œ�‰�Œ���š�����������µ�•�����}�(�����]�(�(�]���µ�o�š�]���•�����]�•���v�š���v�P�o�]�v�P���š�Z�����(�]�Œ���[�•���]�u�‰�����š�•���(�Œ�}�u���}�š�Z���Œ���]�u�‰�����š�•��
along Coal Creek. For some metrics, we observed trends that suggest decreases to water quality 
due to the fire. Understory riparian vegetation in burned sites was moderately affected by the 
fire but appears to be rapidly recovering. Woody tree and shrub communities in burned sites 
were more affected and had significantly less coverage than unburned sites. Post-Marshall Fire 
benthic macroinvertebrate monitoring will continue by The Watershed Center through 2023 
and riparian vegetation monitoring will continue through at least 2024 by the City of Boulder 
OSMP. 
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2. Report Overview  

2.1 Who is this report for? 

The Watershed Center developed this report for diverse partners and community members 
across Boulder County that manage and monitor watersheds, including land managers, 
academic researchers, non-profit organizations, and interested public.  

 

2.2 Purpose of this report 

The purpose of the annual State of the Watershed report is to relay and document what we 
have learned about watershed health in the St. Vrain Basin to our broad partner network. 
Information presented in this report comes from long-term and discrete data collection done 
by The Watershed Center, data collection done by our partners, and conversations with 
partners about known issues and priorities in the St. Vrain Basin. As outlined in the Adaptive 
Management at Scale Plan, full State of the Watershed reports, which describe ecological 
conditions across the entire St. Vrain Basin, will be released approximately every five years. A 
more succinct report, which focuses on specific issues or desired conditions and includes only a 
subset of indicators that we track, will be released in interim years. �d�Z�]�•���Ç�����Œ�[�•���Œ���‰�}�Œ�š���]�•�����v��
interim report dedicated to topic priorities identified in 2022. 

In 2022, partners identified the need for more knowledge about trends in benthic 
macroinvertebrate (BMI) communities, river sediment, and river habitat in the Boulder 
Watershed (including its sub-watersheds) as a priority. In this interim report, we present data 
and conclusions on all three of these topics. Additionally, we present data on BMI community 
trends in the Left Hand and St. Vrain (including its sub-watersheds) Watersheds to provide 
context for the results from the Boulder Watershed. Note that although it may not be shared in 
a report annually, data collected by The Watershed Center is analyzed annually so that any 
identified issues may be immediately shared with partners. 

View our 2022 State of the Watershed report for a more complete overview of data collected in 
the Left Hand and St. Vrain Watersheds since 2018. 

 

2.3 Adaptive Management in the St. Vrain Basin 

Since 2017, The Watershed Center uses an Adaptive Management Process (Fig. 1), described in 
detail in the Adaptive Management Plan, which was collaboratively developed with over 30 
partners, to monitor and manage conditions across the St. Vrain Basin. Desired conditions were 
���}�o�o�����}�Œ���š�]�À���o�Ç�������À���o�}�‰���������v�������P�Œ���������µ�‰�}�v�U���Á�Z�]���Z���(�}�Œ�u���P�}���o�•���(�}�Œ�������•�]�v���Z�����o�š�Z���~���X�P�X�U���^�t���š���Œ���]�v��
�Œ�]�À���Œ�����}�Œ�Œ�]���}�Œ�•���•�µ�‰�‰�}�Œ�š�•�����µ�Œ�Œ���v�š�����v�����(�µ�š�µ�Œ�������‹�µ���š�]�����o�]�(���_�•�X���d�Z�����t���š���Œ�•�Z�����������v�š���Œ�����v�����‰���Œ�š�v���Œ�•��
monitor indicators (e.g., BMI community metrics such as Multimetric Index scores) that have 

https://watershed.center/wp-content/uploads/2022/10/AMS_Plan_2022-09-28.pdf
https://watershed.center/wp-content/uploads/2022/10/AMS_Plan_2022-09-28.pdf
https://watershed.center/wp-content/uploads/2022/08/SOW-Data-Report-2022_FINAL.pdf
https://watershed.center/wp-content/uploads/2022/10/AMS_Plan_2022-09-28.pdf
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state or partner established performance thresholds, which help inform whether desired 
conditions are being met. Each year, The Watershed Center hosts a collaborative workshop 
with partners where the state of the watershed is discussed through data and case study 
presentations, and new priorities are identified. A state of the watershed report is released 
based on data collected and priorities identified. Finally, inherent to this process, are 
adjustments and modifications at all steps of the process (e.g., altering Basin priorities as new 
impacts to ecosystems are discovered; altering monitoring strategies based on what was 
learned from the previous year). Each of the steps in the Adaptive Management Process inform 
collaborative project prioritization and implementation across the Basin. 

 

 

Figure 1. Adaptive Management Process diagram. 

 

The Watershed Center implements the collaboratively developed Adaptive Management 
Process by monitoring ecological conditions across the St. Vrain Basin to identify areas of good 
ecological health as well as areas of concern relative to desired conditions. The Watershed 
Center uses data collected as part of the Adaptive Management Process and partner 
collaboration on priorities in the St. Vrain Basin to provide recommendations for project 
prioritization. These priorities are shared with partners to enact collaborative planning and 
restoration projects that benefit watershed and overall Basin-wide ecological health. Long-term 
ecological monitoring of river and riparian conditions occurs at sites located across the Basin 
from the subalpine to the plains (Fig. 2). 
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Figure 2. Map of Adaptive Management at Scale long-term sites in the St. Vrain Basin. Colors of circles 
represent site ownership. 

 

3. Long-term benthic macroinvertebrates (BMI) 

In this interim report, we present Multimetric Index (MMI), Tolerance Indicator Value (TIV), 
Hilsenhoff Biotic Index (HBI), and Shannon Diversity Index (Diversity) scores for the St. Vrain, 
Left Hand, and Boulder Watersheds below. These scores are calculated from BMI communities 
following guidance from the Colorado Department of Public Health and Environment (CDPHE) 
and are indicators that provide a broad understanding of impacts to river systems. Scores that 
fall below state-established impairment or in between impairment and attainment thresholds 
indicate that the stream is potentially in poor health. Other metrics that impact MMI, TIV, HBI, 
and Diversity scores can be investigated to determine what the issue is. BMI are stream-
dwelling insects that inhabit the interstitial space between and underneath rocks on the stream 
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substrate. They are prey for fish and wildlife throughout their life cycle. Specific groups of BMI 
taxa are sensitive or tolerant to impacts, which makes BMI community-derived metrics useful 
for making assumptions about water quality. Note that they are not directly water quality 
measurements. 

MMI: 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 presence of sensitive 
taxa, suggesting better water quality. An increase in scores suggests better water quality. 

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.  

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.  

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. 

Water quality and geomorphic process (e.g., sedimentation, flows) have implications to these 
BMI-derived indicators. As such, we use them to assess the status of desired conditions for 
watershed health. In this section, we report on two desired conditions: 

1. 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). 

2. 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.  

 

Sampling methods and metric calculation notes 

Monitoring, analysis, and reporting has been conducted by local municipalities prior to 2019 
and at additional sites. The monitoring locations and the sampling frequency described in this 
�Œ���‰�}�Œ�š���Á���Œ�������Z�}�•���v���š�}�����������}�v�•�]�•�š���v�š���Á�]�š�Z���š�Z�]�•���‰�Œ�}�i�����š�[�•���Á���š���Œ�•�Z�������•�����o�������‰�‰�Œ�}�����Z�����v����
timeframe. The Watershed Center tries to not duplicate monitoring efforts and leverage 
existing partner data when possible. Slightly different methods might be used by various 
entities depending on their monitoring and management goals (e.g., using Hess sampling to 
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capture biomass/density versus kick net sample, which does not capture biomass/density). 
Despite differing methods, metrics are calculated relative to the sample size and effort and are 
still comparable. Further, The Watershed Center sampled at two sites adjacent to partner 
collection sites (BC-28 adjacent to BC-CU in the City of Boulder; LHC-1 adjacent to T-11 in the 
City of Longmont), and the BMI-derived scores between comparison sites were similar. In 2022, 
the MMI score at BC-28 was 45.6, and the MMI score at BC-CU was 47.6, which is about a 4.3% 
difference. The MMI score at LHC-1 was 60.6, and the MMI score at T-11 was 59.8, which is 
about a 1.3% difference. This comparison supports the premise that differing data collection 
methods can yield similar results. In the future, The Watershed Center will consider dropping 
BC-CU and T-11 sites and leverage data from the City of Boulder and City of Longmont instead. 
A brief description of which entity collected BMI data and where is below.   

St. Vrain Watershed: BMI data at Golden Fredstrom and Keyes sites collected by City of 
Longmont using Hess sampling method. All other sites collected by The Watershed Center using 
CDPHE kick net sampling method. 

Left Hand Watershed: BMI data at Peck site collected by City of Longmont using Hess sampling 
method. All other sites collected by The Watershed Center using CDPHE kick net sampling 
method. 

Boulder Watershed: BMI data at BC-CAN, Van Vleet, and Alexander Dawson sites collected by 
City of Boulder using Hess sampling method. All other sites collected by The Watershed Center 
using CDPHE kick net sampling method. 

All sites were sampled in fall of the sampling year except for Highway 93 and CTC Open Space, 
which were sampled in July 2022. While there could be some difference in BMI community 
composition between summer and fall samples (e.g., certain species emerge at different times 
of the year, which changes community composition), the two summer samples were at periods 
of low flow before dry up, which showed similar flow characteristics to other sites sampled 
later in the fall. 

 

 

 

 

 

 

 

 

https://watershed.center/wp-content/uploads/2023/08/2020_0908_WQ_Monitoring_SOP-002_COB.pdf
https://watershed.center/wp-content/uploads/2019/05/WQCD-BMI.pdf
https://watershed.center/wp-content/uploads/2023/08/2020_0908_WQ_Monitoring_SOP-002_COB.pdf
https://watershed.center/wp-content/uploads/2023/08/2020_0908_WQ_Monitoring_SOP-002_COB.pdf
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/2023/08/2020_0908_WQ_Monitoring_SOP-002_COB.pdf
https://watershed.center/wp-content/uploads/2019/05/WQCD-BMI.pdf
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3.1. St. Vrain Watershed BMI data 

 
Figure 3. MMI scores for sites (oriented from highest elevation to lowest elevation) in the St. Vrain 
Watershed (including North, South, Middle, and mainstem St. Vrain Creeks). Horizontal solid and dashed 
red lines represent the impairment and attainment thresholds, respectively, as determined by the State 
of Colorado. An MMI score that falls below the impairment threshold indicates an issue within the BMI 
community, and closer examination is recommended. An MMI score that falls below the attainment 
threshold, but above the impairment threshold, indicates a potential issue within the BMI community, 
but no immediate action is required. Thresholds vary by the biotype of each site. Horizontal solid and 
dashed black lines represent the mean ± one standard error, respectively, of all previous years besides 
the current year to provide a historical range of variability (HRV) of that site. An MMI score of the 
current year outside the HRV indicates a potential anomaly and further examination could be explored. 
Data from Golden Fredstrom and Keyes collected and shared by the City of Longmont. 

 

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 4. TIV scores for sites (oriented from highest elevation to lowest elevation) in the St. Vrain 
Watershed (including North, South, Middle and mainstem St. Vrain Creeks). Horizontal solid red lines 
represent the impairment threshold as determined by the State of Colorado. A TIV score that falls above 
the impairment threshold indicates that the BMI community is more tolerant to fine sediment deposits, 
which could mean a potential sediment issue is present at that site. Thresholds vary by the sediment 
region of each site. TIV scores are only calculated for sites located in the canyons and foothills because 
fine sediment is expected to accumulate in downstream plains sites, thus plains sites are not included in 
this figure. Horizontal solid and dashed black lines represent the mean ± one standard error, 
respectively, of all previous years besides the current year to provide a historical range of variability 
(HRV) of that site. A TIV score of the current year outside the HRV indicates a potential anomaly and 
further examination could be explored.  

 

 

https://watershed.center/wp-content/uploads/2023/08/Regulation-31-Policy-98-1SedimentGuidance2021withAppendices-2014-2024.pdf
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Figure 5. HBI scores for sites (oriented from highest elevation to lowest elevation) in the St. Vrain 
Watershed (including North, South, Middle and mainstem St. Vrain Creeks). Horizontal solid red lines 
represent the impairment threshold as determined by the State of Colorado. A HBI score that falls above 
the impairment threshold indicates that the BMI community is more tolerant to organic pollution, which 
could mean a potential pollution input issue is present at that site. Thresholds vary by the biotype of 
each site. Horizontal solid and dashed black lines represent the mean ± one standard error, respectively, 
of all previous years besides the current year to provide a historical range of variability (HRV) of that 
site. A HBI score of the current year outside the HRV indicates a potential anomaly and further 
examination could be explored. Data from Golden Fredstrom and Keyes collected and shared by the City 
of Longmont. 

 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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Figure 6. Shannon Diversity Index (Diversity) scores for sites (oriented from highest elevation to lowest 
elevation) in the St. Vrain Watershed (including North, South, Middle and mainstem St. Vrain Creeks). 
Horizontal solid red lines represent the impairment threshold as determined by the State of Colorado. A 
Diversity score that falls below the impairment threshold indicates that the BMI community is not as 
diverse as expected. The diversity score incorporates richness (i.e., the number of species) and evenness 
(i.e., the relative abundances of each species). Thresholds vary by the biotype of each site. Horizontal 
solid and dashed black lines represent the mean ± one standard error, respectively, of all previous years 
besides the current year to provide a historical range of variability (HRV) of that site. A Diversity score of 
the current year outside the HRV indicates a potential anomaly and further examination could be 
explored. Data from Golden Fredstrom and Keyes collected and shared by the City of Longmont. 

 

 

3.2. St. Vrain Watershed BMI conclusions 

For most sites in the St. Vrain Watershed, MMI and Diversity scores are above thresholds and 
TIV and HBI scores are below thresholds, which indicates that the BMI community in the St. 
Vrain Watershed is generally healthy, although we do note several potential issues. First, in 
2022, Hall Meadows, located on South St. Vrain Creek just west of the town of Lyons, has a 
MMI score below its historical range of variability (HRV), though above the attainment 
threshold and a HBI score also higher than its HRV, though below the impairment threshold. 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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The Diversity score is well below its HRV and below the impairment threshold. The TIV score is 
within its HRV and below the impairment threshold. These metrics indicate a potential issue in 
water quality that is likely not related to sedimentation. A closer look at Hall Meadows is 
described in the next section. 

Second, we noted impairments to MMI and HBI scores at Golden Fredstrom, located on St. 
Vrain Creek at N. 75th Street, in 2021. Additionally, the Diversity score was below its HRV, 
though still above the impairment threshold. A localized, unidentified impact to the creek at or 
just upstream of this site seems likely because similar effects were not observed at other sites 
upstream or downstream. The impact seems to have ameliorated by 2022 with MMI and 
Diversity scores at the higher end of their HRVs and HBI just below its HRV. The City of 
Longmont samples the BMI community at Golden Fredstrom, and they were aware of this issue 
and will continue to monitor. 

Additionally, the City of Longmont reported that New Zealand Mud Snails (NZMS) were 
detected at the Golden Fredstrom site in fall 2022 (City of Longmont collects water quality and 
BMI samples at the Boulder County managed property). This is one of the first known detection 
of the invasive aquatic species in St. Vrain Creek (the City also detected snails at another 
location downstream). Due to the timeliness of the recent detection and potential for future 
impacts to other aquatic life if populations were to establish, species management is a high 
priority for stakeholders. As such, the City of Longmont and other Adaptive Management 
partners including the City of Boulder OSMP, Boulder County POS, Colorado Parks and Wildlife, 
and The Watershed Center are collaborating on implementing new management strategies for 
NZMS in the St. Vrain Basin and to bolster existing management in Boulder. Notably, The City of 
Boulder and Boulder County have been managing NZMS since the early 2000s in Boulder Creek 
Watersheds. This collaboration will also build cross-jurisdictional monitoring, management, and 
outreach strategies for NZMS across the St. Vrain Basin. 

Finally, in 2022, at Keyes, which is the easternmost site along St. Vrain Creek, the MMI score fell 
below the attainment threshold though is above the impairment threshold, which calls for 
further investigation for a possible impairment. Notably, the 2022 MMI score is still close to its 
HRV based on three years of previous data. We did not see impairments in the HBI and 
Diversity scores. The HBI score falls within its HRV, and the Diversity score is even slightly 
greater than its HRV. Results at this site are particularly important, as the eastern part of the 
watershed represents the accumulation of urban and agricultural inputs from upstream. Thus, 
less than ideal metric scores might be expected. The City of Longmont does monitor two sites 
further downstream of Keyes but prior to the confluence with Boulder Creek, and neither of 
those sites yielded scores that indicated impairment. The City of Longmont will continue to 
monitor this site and their downstream sites, and if MMI scores continue to decrease at Keyes, 
further examination of what is causing the decrease could be done. 
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Figure 7. BMI sampling at M 8.2 in the City of Longmont. Photo credit: The Watershed Center. 
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3.3. Hall Meadows BMI data and conclusions 

 

Figure 8. Metric scores for Hall Meadows. Horizontal solid and dashed black lines represent the mean ± 
one standard error, respectively, of all previous years besides the current year to provide a historical 
range of variability (HRV) of that site. 

 

As stated above, MMI, HBI, and Diversity scores indicate an impact to the BMI community at 
Hall Meadows in 2022. The MMI score is made up of eight equally weighted metrics, one of 
which is shown here: % EPT (excluding Baetidae). The other metrics show similar patterns, so it 
is unclear what exactly is driving the decline in overall MMI score. Ephemeroptera, Plecoptera, 
and Trichoptera (EPT) taxa are sensitive to environmental impacts, so a drastic decrease in their 
abundance or richness is usually reason for alarm. The HBI score is calculated using BMI 
richness and their tolerance to pollution, mainly elevated nutrients. Taxa in the Chironomidae 
family are tolerant to pollution, and a high percentage of them in the collected sample would 
indicate a potential nutrient pollution input. Here, it is interesting that the percentage of 
Chironomids is lower than its HRV, which indicates that a nutrient pollution impact is not likely. 
Further, the ratio of EPT (intolerant) to Chironomids (tolerant) is high, indicating that tolerant 
taxa have not displaced intolerant taxa. The Diversity score is composed of BMI richness and 
evenness, both of which are shown here, and both of which are well below their HRV.  

MMI, HBI, and Diversity scores as well as the metrics above used to calculate the scores give 
conflicting conclusions, but when examined completely, do not lead us to believe a significant 
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pollution impact occurred. Instead, it is possible that the sample was simply not representative 
of the BMI community. The total count is lower than its HRV, which could have led to a non-
random taxa distribution. It is important to note, however, that reclamation of a quarry 
upstream and road construction along Highway 7 occurred throughout summer and fall 2022, 
which can sometimes impact conditions in river systems. These results are not indicative of a 
sediment issue, however. Additionally, all grading work as part of the quarry reclamation was 
buffered off the stream itself, and other sites further upstream likely would have been 
impacted from road construction, which was not observed. The Watershed Center will continue 
to monitor Hall Meadows in 2023.  

 

Figure 9. Hall Meadows along Highway 7 just west of the Town of Lyons. Photo credit: The Watershed 
Center. 
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3.4. Left Hand Watershed BMI data 

 
Figure 10. MMI scores for sites (oriented from highest elevation to lowest elevation) in the Left Hand 
Watershed (including Left Hand and James Creeks). Horizontal solid and dashed red lines represent the 
impairment and attainment thresholds, respectively, as determined by the State of Colorado. An MMI 
score that falls below the impairment threshold indicates an issue within the BMI community, and closer 
examination is recommended. An MMI score that falls below the attainment threshold, but above the 
impairment threshold, indicates a potential issue within the BMI community, but no immediate action is 
required. Thresholds vary by the biotype of each site. Horizontal solid and dashed black lines represent 
the mean ± one standard error, respectively, of all previous years besides the current year to provide a 
historical range of variability (HRV) of that site. An MMI score of the current year outside the HRV 
indicates a potential anomaly and further examination could be explored. Data from Peck collected and 
shared by the City of Longmont. 

 

 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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Figure 11. TIV scores for sites (oriented from highest elevation to lowest elevation) in the Left Hand 
Watershed (including Left Hand and James Creeks). Horizontal solid red lines represent the impairment 
threshold as determined by the State of Colorado. A TIV score that falls above the impairment threshold 
indicates that the BMI community is more tolerant to fine sediment deposits, which could mean a 
potential sediment issue is present at that site. Thresholds vary by the sediment region of each site. TIV 
scores are only calculated for sites located in the canyons and foothills because fine sediment is 
expected to accumulate in downstream plains sites, thus plains sites are not included in this figure. 
Horizontal solid and dashed black lines represent the mean ± one standard error, respectively, of all 
previous years besides the current year to provide a historical range of variability (HRV) of that site. A 
TIV score of the current year outside the HRV indicates a potential anomaly and further examination 
could be explored.  

 

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


17 
 

 

Figure 12. HBI scores for sites (oriented from highest elevation to lowest elevation) in the Left Hand 
Watershed (including Left Hand and James Creeks). Horizontal solid red lines represent the impairment 
threshold as determined by the State of Colorado. A HBI score that falls above the impairment threshold 
indicates that the BMI community is more tolerant to organic pollution, which could mean a potential 
pollution input issue is present at that site. Thresholds vary by the biotype of each site. Horizontal solid 
and dashed black lines represent the mean ± one standard error, respectively, of all previous years 
besides the current year to provide a historical range of variability (HRV) of that site. A HBI score of the 
current year outside the HRV indicates a potential anomaly and further examination could be explored. 
Data from Peck collected and shared by the City of Longmont. 

 

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 13. Shannon Diversity Index (Diversity) scores for sites (oriented from highest elevation to lowest 
elevation) in the Left Hand Watershed (including Left Hand and James Creeks). Horizontal solid red lines 
represent the impairment threshold as determined by the state of Colorado. A Diversity score that falls 
below the impairment threshold indicates that the BMI community is not as diverse as expected. The 
diversity score incorporates richness (i.e., the number of species) and evenness (i.e., the relative 
abundances of each species). Thresholds vary by the biotype of each site. Horizontal solid and dashed 
black lines represent the mean ± one standard error, respectively, of all previous years besides the 
current year to provide a historical range of variability (HRV) of that site. A Diversity score of the current 
year outside the HRV indicates a potential anomaly and further examination could be explored. Data 
from Peck collected and shared by the City of Longmont. 

 

 

3.5. Left Hand Watershed BMI conclusions 

Overall, no impairments to water quality were identified in the Left Hand Watershed, which is 
reflected by appropriately high or low (depending on metric) MMI, TIV, HBI, and Diversity 
scores. Notably, all sites in the canyons (Forest Service Meadow, Harms, and Upper 
Buckingham) show increasing MMI scores over time, and Forest Service Meadow and Harms 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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show increasing Diversity scores. TIV and HBI scores are also generally stable or decreasing at 
most sites across canyons, foothills, and plains zones. 

Notably, the TIV score at Legacy 1, �d�Z�����t���š���Œ�•�Z�����������v�š���Œ�[�•���^�š���P�����•���Œ�}���Œ���•�š�}�Œ���š�]�}�v���•�]�š�� in lower 
Left Hand Canyon, has continually been decreasing since project completion in 2019 while 
upstream site scores have remained stable. A decreasing TIV score trend indicates that the BMI 
community is composed of species that are more intolerant to high loads of fine sediment. 
Given one restoration objective of Stage Zero restoration is to capture sediment through 
increased geomorphic complexity, the observed decrease in TIV scores over time suggests that 
this site is effectively capturing fine sediment before flowing downstream to our sample 
location and sites further downstream. Stage Zero restoration is a restoration technique with 
the end goal of creating a multi-thread channel wetland complex as opposed to a narrow, 
single-thread river corridor. A wetland complex is better able to attenuate flows and sediment 
than a confined river. Unfortunately, TIV scores are not calculated at sites further downstream 
because more sediment is expected to be deposited in those areas, so we are unable to see if 
this trend holds true further downstream. These data still suggest that Stage Zero restoration 
could be effective at catching sediment before flowing downstream to infrastructure. While 
these results are promising, because TIV scores are only decreasing slightly year to year, 
significant impacts from lack of sediment downstream are not likely. 

 

Figure 14. Fine sediment depth measurements in beaver dam analogs at Legacy 1 along Left Hand Creek 
during late fall. Photo credit: The Watershed Center. 

While not currently an issue (scores are above or below respective thresholds), T-11 has the 
highest HBI and lowest Diversity scores among all Left Hand Watershed sites. T-11 is located 
along Left Hand Creek at S. Martin Street in Longmont and represents an urban-impacted site, 

https://watershed.center/project/adaptive-restoration/
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so some impacts to water quality are expected. Only one year of data was collected (2022), so 
The Watershed Center will continue to monitor to better understand the HRV of this site. 
Similarly, Peck, the next site upstream located along Left Hand Creek at N. 95th Street in 
Longmont, had a lower Diversity score than historical data, though still above the impairment 
threshold. The City of Longmont will continue to monitor Peck to determine if an issue exists, 
signified by continually decreasing scores.  

It is also important to note that upper Left Hand Creek and James Creek have a history of 
mining impacts, although it does not appear that the BMI community is currently being 
impacted at the landscape scale based on data collected at long-term sites. The Watershed 
Center also samples for heavy metals in Left Hand Creek, and while there are occasional chronic 
exceedances in water quality constituents (e.g., zinc and copper) most years, the BMI 
communities have rebounded since the 2018 release at Captain Jack Mine. Additionally, in 
2022, a seep was identified near the Harms site along James Creek. Water quality results from 
the seep are indicative of acid mine drainage, however water quality results from James Creek 
show that the seep is either not accessing the creek or that it is being diluted to undetectable 
levels once it does reach the creek. The Watershed Center will continue to monitor mining 
impacts to upper Left Hand and James Creeks. 
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3.6. Boulder Watershed BMI data 

 
Figure 15. MMI scores for sites (oriented from highest elevation to lowest elevation) in the Boulder 
Watershed (including North, South, Middle and mainstem Boulder Creeks, Rock Creek, and Coal Creek). 
Horizontal solid and dashed red lines represent the impairment and attainment thresholds, respectively, 
as determined by the State of Colorado. An MMI score that falls below the impairment threshold 
indicates an issue within the BMI community, and closer examination is recommended. An MMI score 
that falls below the attainment threshold, but above the impairment threshold, indicates a potential 
issue within the BMI community, but no immediate action is required. Thresholds vary by the biotype of 
each site. Horizontal solid and dashed black lines represent the mean ± one standard error, respectively, 
of all previous years besides the current year to provide a historical range of variability (HRV) of that 
site. An MMI score of the current year outside the HRV indicates a potential anomaly and further 
examination could be explored. Data from BC-CAN, Van Vleet, and Alexander Dawson collected and 
shared by the City of Boulder. 

 

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 16. HBI scores for sites (oriented from highest elevation to lowest elevation) in the Boulder 
Watershed (including North, South, Middle and mainstem Boulder Creeks, Rock Creek, and Coal Creek). 
Horizontal solid red lines represent the impairment threshold as determined by the State of Colorado. A 
HBI score that falls above the impairment threshold indicates that the BMI community is more tolerant 
to organic pollution, which could mean a potential pollution input issue is present at that site. 
Thresholds vary by the biotype of each site. Horizontal solid and dashed black lines represent the mean 
± one standard error, respectively, of all previous years besides the current year to provide a historical 
range of variability (HRV) of that site. A HBI score of the current year outside the HRV indicates a 
potential anomaly and further examination could be explored. Data from BC-CAN, Van Vleet, and 
Alexander Dawson collected and shared by the City of Boulder. 

https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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Figure 17. Shannon Diversity Index (Diversity) scores for sites (oriented from highest elevation to lowest 
elevation) in the Boulder Watershed (including North, South, Middle and mainstem Boulder Creeks, 
Rock Creek, and Coal Creek). Horizontal solid red lines represent the impairment threshold as 
determined by the State of Colorado. A Diversity score that falls below the impairment threshold 
indicates that the BMI community is not as diverse as expected. The diversity score incorporates 
richness (i.e., the number of species) and evenness (i.e., the relative abundances of each species). 
Thresholds vary by the biotype of each site. Horizontal solid and dashed black lines represent the mean 
± one standard error, respectively, of all previous years besides the current year to provide a historical 
range of variability (HRV) of that site. A Diversity score of the current year outside the HRV indicates a 
potential anomaly and further examination could be explored. Data from BC-CAN, Van Vleet, and 
Alexander Dawson collected and shared by the City of Boulder. 

 

3.7. Boulder Watershed BMI conclusions 

MMI, HBI, and Diversity scores from 2022 are indicative of water quality issues reflected by the 
BMI community in Boulder Watershed, however some caveats to that conclusion are discussed 
below. Please note that TIV scores were calculated for the Bluebird and Rogers sites (figure not 
shown), which were below impairment thresholds, but were not calculated for all other sites 
because they are all at a low enough elevation that fine sediment accumulation is expected.  

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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Sites in the canyons attained both MMI and HBI thresholds, indicating a well-functioning BMI 
community. Van Vleet, which is located along South Boulder Creek and has minimal urban 
impacts, also has consistently high MMI and low HBI scores. However, data from sites 
downstream of BC-CAN on Boulder Creek are indicative of surrounding land use. Within City 
limits, BC-CU is heavily impacted by urban inputs from the City of Boulder, and sites farther east 
like Alexander Dawson and Canino further downstream are impacted by agricultural inputs. BC-
CU is located in downtown Boulder and experiences increased recreational activity and water 
quality impacts associated with urbanization, which could explain the observed reduction in 
MMI score and increase in HBI score when compared to monitoring sites upstream. Reductions 
in MMI scores were also observed further east; Alexander Dawson and Canino also have low 
MMI scores, which are possibly due to increased agricultural impacts (e.g., inputs from runoff; 
influence of flow from diversions). Interestingly, HBI scores are relatively low, which is not 
indicative of nutrient enrichment.  

 

Figure 17. Canino along Boulder Creek. Note algae growing along the streambed, indicative of possible 
nutrient inputs. Photo credit: The Watershed Center. 

Highway 93 (Coal Creek), RC-4 (Rock Creek), and CTC Open Space (Coal Creek) all have MMI 
scores below the impairment threshold and HBI scores above the impairment threshold, 
indicating significant water quality issues and possible nutrient impacts. High amounts of fine 
sediment at Highway 93 (discussed more in Section 4.1) could also be contributing to poor 
scores. However, caution should be advised when interpreting these results. Highway 93 and 
CTC Open Space were sampled in mid-July as part of a collaborative sampling effort with the 
�h�v�]�À���Œ�•�]�š�Ç���}�(�����}�o�}�Œ�����}�����}�µ�o�����Œ���š�}�����Æ���u�]�v�����š�Z�����]�u�‰�����š�•���}�(���š�Z�����D���Œ�•�Z���o�o���&�]�Œ�����}�v�����}���o�����Œ�����l�[�•�����D�/��
community (discussed more in section 5.1 and 5.3 below) and were already in low flow 
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conditions. Similarly, RC-4, which was sampled in the fall, was also in low flow conditions. BMI 
taxa that are able to tolerate low flow conditions are likely not representative of the BMI 
communities that usually inhabit these areas and are difficult to compare against sites with 
higher flow. Low flow conditions (partially driven by irrigation ditch operations), temporary 
impacts from the Marshall Fire, and only one sample for most sites to draw conclusions from 
make it difficult to fully and accurately interpret these results. The Watershed Center plans to 
discuss with partners possible drawbacks and benefits of potentially sampling earlier in the year 
at these sites and what that means for data interpretation and comparison.  

Diversity scores are also difficult to interpret and show a counterintuitive story. Diversity scores 
are lower than expected (compared to thresholds) in some sites (e.g., Bluebird) and higher than 
expected in low flow sites (e.g., Highway 93, RC-4, and CTC Open Space). Bluebird is the site of a 
legacy mine, which could have remnant effects on water quality. Again, it is difficult to draw 
conclusions from one sample, so The Watershed Center plans to continue sampling annually.  

 

Figure 18. Highway 93 along Coal Creek south of the City of Boulder and upstream of the Town of 
Superior and City of Louisville. Note the low flow conditions and algae growing along the streambed. 
Photo credit: The Watershed Center. 
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4. Boulder Watershed in-stream conditions 

At the May 2022 AM at Scale Collaborative Meeting and from conversations with partners, The 
Watershed Center heard that developing a greater understanding of in-stream conditions in the 
Boulder Watershed is a priority. Below, we present our first year of data. We show the 
proportions of various sizes of rocks and their distribution throughout the watershed and 
calculate the percentage of fine sediment at the site level. Next, we show the proportions of 
river unit types and their distributions throughout the watershed and calculate the percentage 
of pools at the site level. 

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., <2mm 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. Alternatively, sediment is expected to accumulate further downstream as 
more inputs wash into the river and deposit in the low-gradient plains stream reaches. BMI taxa 
and fish species that reside at lower elevations are adapted to increased fine sediment loads. 
However, due to ditch operations and infrastructure in the plains reaches, fine sediment 
connectivity is reduced and some reaches are considered to have less than desirable amount of 
fine sediment.  

A pool is defined as the area of a river that a fish could hypothetically overwinter in if water 
were to stop flowing. Pools are crucial for providing habitat for fish populations and are an 
indicator of overall habitat complexity in a river reach. Pool area relative to a river reach 
decreases in proportion with increased sediment accumulation, lack of annual flushing flows 
that scour and maintain pool depth, or lack of habitat complexity features such as channel 
sinuosity, large wood or boulders that form pool habitat. In higher elevation canyons and 
foothills streams, cold and cool-water fish like trout, sucker, and dace, require overwintering 
pool depths of 0.8 feet or greater. In plains streams, warm-water fish like minnows, sunfish, 
darters, and catfish require deeper overwintering pool depths of 1.0 feet or greater. 

Geomorphic processes (e.g., sedimentation, flows) and in-stream habitat quality have 
implications for these indicators. As such we use them to assess the status of desired conditions 
for watershed health. In this section, we report on two desired conditions: 

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.  
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2. In-stream habitat is complex with multiple types of habitat (e.g., pools, large wood, 
backwater, side-channels, off-channel ponds), connected, and supports current and 
future native, wild, and desirable species.  

Sediment monitoring was conducted using the Wolman Pebble Count method. Instream habitat   
monitoring was conducted using methods modified from the US Forest Service Pacific 
Northwest Region Stream Inventory Handbook.  Data are visualized with a waffle plot, which 
scales proportions to 100, to easily see which sediment size/habitat type dominates a reach. 
Bar graphs are then used for a closer analysis of fine sediment and pools, which have the most 
implications for BMI and fish habitat.

https://watershed.center/wp-content/uploads/2022/06/Pebble-Counts.pdf
https://watershed.center/wp-content/uploads/2022/06/2022-modified-Habitat-Survey-Channel-Unit-Form.pdf
https://watershed.center/wp-content/uploads/2022/06/2022-modified-Habitat-Survey-Channel-Unit-Form.pdf
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4.1. Boulder Watershed sediment data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. Map of long-term sites within the Boulder Watershed (including North, South, Middle and mainstem Boulder Creeks, Coal Creek, and 
Rock Creek) with associated site-specific waffle plots, which show the proportion of each rock class (scaled to 100). Salmon colored squares 
represent sands (<2mm), green squares represent gravels (2-89mm), blue squares represent cobbles (89-361mm), and purple squares represent 
boulders (>362mm). Bedrock is also measured; however, no bedrock was captured within sampling transects in the Boulder watersheds.  



29 
 

 
Figure 20. Mean percentage of sands (<2mm) ± one standard error at sites (oriented from highest 
elevation to lowest elevation) in the Boulder Watershed (including North, South, Middle and mainstem 
Boulder Creeks, Coal Creek, and Rock Creek). Horizontal solid red lines indicate thresholds as 
determined by the State of Colorado. Thresholds vary by watershed zone (canyons, foothills, and plains); 
no threshold exists for the plains zone because sediment is expected to accumulate there. 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. Creek 
names are depicted by the color of the bars. 

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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4.2. Boulder Watershed in-stream habitat data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. Map of long-term sites within the Boulder Watershed (including North, South, Middle and mainstem Boulder Creeks, Coal Creek, and 
Rock Creek) with associated site-specific waffle plots, which show the proportion of each unit type (scaled to 100). Salmon colored squares 
represent pools, olive squares represent riffles, green squares represent runs, blue squares represent glides, and pink squares represent 
cascades.  
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Figure 22. Percentage of pools at sites (oriented upstream to downstream) in the Boulder Watershed 
(including North, South, Middle and mainstem Boulder Creeks, Coal Creek, and Rock Creek). Creek 
names are depicted by the color of the bars. Highway 93 was dry and not measured. RC-4 was measured 
but had zero pools. 

 

 

4.3. Boulder Watershed in-stream conditions conclusions 

In-stream conditions in the Boulder Watershed generally represent favorable conditions for the 
BMI community and fish populations. Sediment distributions follow expected patterns from the 
canyons into the plains, except for trends in Coal Creek. Cobbles and boulders occur widely in 
the upper watershed and decrease further downstream. A low percentage of sand exists in the 
upper watershed and increases downstream to the plains. Coal Creek sites showed an inverse 
of what we would expect for fine sediment from foothills to plains. Highway 93, located along 
Coal Creek at Highway 128, is a depositional reach, so accumulation of fine sediment is 
expected, but the high amount above the threshold (~15%) is concerning. Notably, data 
collection at this site occurred when it was already dry, which could have also biased data 
collection. CTC Open Space and Warembourg Farm are located further downstream on Coal 
Creek and had less fine sediment accumulation, which may be expected due to the heavy 
diversion infrastructure present upstream of these reaches leaving these areas sediment-short. 

Dry 0 
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The Watershed Center will refine the sampling time to collect during low flows rather than dry 
conditions at Highway 93 to further investigate this trend in the future. 

Percentage of pools data are especially useful when comparing multiple years of data to 
determine if pools are decreasing, increasing, or maintaining area. With only one year of data, it 
is difficult to draw major conclusions, however it does appear that sites in each watershed zone 
are providing some habitat for fish. Notably, Bluebird on North Boulder Creek has high pool 
area and observationally great habitat complexity for cold-water fish. Low pool habitat at Van 
Vleet may be due to overall low habitat complexity and fragmentation caused by diversions 
throughout this stretch of creek as described in the South Boulder Creek Stream Management 
Plan. No pool habitat at RC-4 is an unexpected result, however, it is a small creek, only one foot 
wide in most areas of the study reach. Our methods and habitable pool depth of 1.0 feet or 
greater may not be appropriate for this creek. In future monitoring, we will consider revising 
methods for this reach by scaling the definition of a pool by bankfull width.  

 

Figure 23. Bluebird along North Boulder Creek west of Nederland. Note the habitat complexity including 
large number of pools and in-stream woody debris. Photo credit: The Watershed Center. 

 

 

 

 

https://www.boulderflycasters.org/south-boulder-creek/
https://www.boulderflycasters.org/south-boulder-creek/
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5. Marshall Fire impacts to BMI and riparian vegetation 
communities 

The Marshall Fire began on December 30, 2021, from two ignition points near Marshall Road 
and Highway 93 south of the City of Boulder. It was the most destructive wildfire in Colorado 
history in terms of buildings destroyed, causing over $2 billion in damages. It burned over 6,000 
acres of riparian and grassland habitat and neighborhoods in unincorporated Boulder County, 
the City of Louisville, and Town of Superior.  

Following the fire, The Watershed Center, Boulder County Parks and Open Space (POS), City of 
Boulder Open Space and Mountain Parks (OSMP), Colorado Parks and Wildlife, CDPHE, and 
researchers from the University of Colorado Boulder began monitoring post-fire impacts to 
ecological resources along Coal Creek and the grasslands in the southern portion of the burned 
area. In this report, we report on preliminary data and conclusions from The Watershed 
�����v�š���Œ�[�•�����•�•���•�•�u���v�š���}�(���š�Z�������D�/�����}�u�u�µ�v�]�š�Ç���]�v�����}���o�����Œ�����l and the City of Boulder OSMP�[�•��
assessment of riparian vegetation along Coal Creek. We graciously thank Jordan Swenson and 
Cat McIntyre from Boulder OSMP for providing data and interpretation for this report. 

This section provides data and interpretation that informs a priority identified by partners in 
2022 and the following two desired conditions: 

1. 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). 

2. The riparian corridor has a high-quality (high number of native species and self-
sustaining) native plant community that promotes clean water and complex habitat now 
and in the future. 
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5.1 Marshall Fire BMI data 

The Watershed Center sampled the BMI community at five sites (Fig. 24) in Coal Creek using the 
CDPHE kick net sampling method in July 2022. 

 

Figure 24. Map of Coal Creek sampling sites. Blue circles represent sampling locations. Highway 93 is the 
upstream reference site, Erin Arsenault and Highway 36 are in the burned zone, and Dutch Creek Park 
and CTC Open Space are outside, but downstream, of the burned zone. The red outline represents the 
Marshall Fire perimeter. Photos of sites taken on sampling date are included. Photo credits: The 
Watershed Center. 

 

https://watershed.center/wp-content/uploads/2019/05/WQCD-BMI.pdf
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Figure 25. Metric values for the BMI community at sites (oriented upstream to downstream) along Coal 
Creek. Blue points and lines represent the upstream reference site, and orange points and lines 
represent the impacted sites (in or downstream of burned zone). For MMI, horizontal solid and dashed 
red lines represent the impairment and attainment thresholds, respectively, as determined by the State 
of Colorado. A MMI score that falls below the impairment threshold indicates an issue within the BMI 
community, and closer examination is recommended. An MMI score that falls below the attainment 
threshold, but above the impairment threshold, indicates a potential issue within the BMI community, 
but no immediate action is required. For Diversity, the horizontal solid red line represents the 
impairment threshold. A Diversity score that falls below the impairment threshold indicates that the 
BMI community is not as diverse as expected and further action might be required. For HBI, the 
horizontal solid red line represents the impairment threshold. A HBI score that falls above the 
impairment threshold indicates that the BMI community is more tolerant to organic pollution, which 
could mean a potential pollution input issue is present at that site. 

 

Caution should be exercised when interpreting these results for similar reasons as described in 
Section 3.7 above. �d�Z���•���������š�����Á���Œ�������}�o�o�����š�������]�v���:�µ�o�Ç�����µ�Œ�]�v�P�����}���o�����Œ�����l�[�•���o�}�Á���(�o�}�Á���‰���Œ�]�}���U���Á�Z�]���Z��
includes intermittent dry up conditions. Additionally, there are likely a multitude of other urban 
and agricultural inputs besides fire impacts affecting these results. For example, two weeks 
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before sampling, Erin Arsenault was dry except for several remnant pools. However, during 
sampling, Coal Creek was flowing at Erin Arsenault, indicating a possible ditch release occurred 
in the interim. Highway 36 is located just downstream of the burned Element Hotel in Superior 
but is also next to a major highway and urban area. Dutch Creek is located adjacent to a heavily 
fertilized and irrigated golf course but was dry except for several pools, which were filled with 
mud and organic debris. Unfortunately, pre-fire data does not exist at these sites to disentangle 
impacts from the Marshall Fire from impacts from urbanization and agriculture.  

Given these considerations, several trends can still be observed. First, there is a decreasing 
trend in MMI scores from upstream to downstream. This suggests decreasing water quality 
further downstream, which could be due to Marshall Fire impacts or simply Coal Creek moving 
through heavily urbanized areas. Next, notably, there is an increasing trend in HBI scores from 
upstream to downstream. This is also reflected by decreasing intolerant species and increasing 
tolerant species from upstream to downstream. This suggests increased nutrient inputs into 
Coal Creek from Marshall Fire debris.  

The Watershed Center sampled all five sites again in July 2023 during higher flow conditions. 
While the samples have not yet been analyzed, anecdotally, they appeared to have more total 
individual specimens and a higher diversity of species collected.  

 

 

5.2 Marshall Fire riparian vegetation data 

Data, tables, figures, and interpretation below provided by Jordan Swenson and Cat McIntyre 
(Boulder OSMP). This information has been presented internally within Boulder OSMP and at 
�d�Z�����t���š���Œ�•�Z�����������v�š���Œ�[�•���î�ì�î�ï�����v�v�µ���o�����}�o�o�����}�Œ���š�]�À�����D�����š�]�v�P�U�����µ�š���]�š���]�•���Œ���•�š���š�������Z���Œ�����š�}���Œ�������Z������
broader partner audience.  

From June to August 2022, Boulder OSMP monitored the recovery of riparian vegetation and 
soils within the burn perimeter compared to unburned areas upstream in the Superior 
Associates parcel (similar location to the Erin Arsenault site described above; Fig. 24). The data 
presented here summarizes the first year of a planned multi-year monitoring program to 
determine restoration needs and target management priorities.  

A suite of metrics was used to monitor post-fire recovery. Line point intercept (LPI) data were 
summarized to estimate percent cover for vegetation and ground cover, additional 1 m2 
vegetation plot (analyzed using a Floristics Quality Assessment (FQA)) data were summarized to 
estimate percent cover for vegetation and ground cover and other FQA related metrics, and 
data from 20 m2 belt transects were analyzed for woody vegetation. 
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Figure 26. Map of OSMP study location with riparian vegetation transects in red and historical 
monitoring sites in blue. Sites 1-3 include unburned reference transects and sites 4-7 include heavily 
burned impact transects. Each site contains two transects, one on each side of the creek. Transect 
length varied (6-40 m) depending on the width of the riparian area to capture the entirety of the 
riparian area. 

 

Results from LPI surveys showed higher overall species richness and a higher proportion of 
nonnative species in burned areas compared to unburned areas (Table 1). Burned sites also had 
double the amount of open canopy compared to unburned sites. (Table 1). Both burned and 
unburned sites were dominated by smooth brome (~25%), so by herbaceous plant cover, there 
was not a large difference between sites (Fig. 27). However, unburned sites did have more 
woody vegetation including cottonwood (Populus spp.), lead plant (Amorpha fruticosa var. 
angustifolia), American plum (Prunus americana), hawthorn (Crataegus macracantha var. 
occidentalis), peachleaf willow (Salix amygdaloides), and coyote willow (Salix exigua). 
Remaining woody vegetation in burned sites consisted of cottonwood, peachleaf willow, and 
green ash (Fraxinus pennsylvanica). Despite these differences, it appears herbaceous 
�À���P���š���š�]�}�v�����}�u�‰�}�•�]�š�]�}�v���]�•���Œ�����}�À���Œ�]�v�P���š�}���µ�v���µ�Œ�v�������Œ���(���Œ���v�������•�]�š���•�[�����}�u�‰�}�•�]�š�]�}�v�X 
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Table 1. Summary statistics from line point intercept survey collected from Coal Creek riparian area 
during summer 2022 sampling. 

 �h�v���µ�Œ�v���� ���µ�Œ�v���� 
�^�‰�����]���•��
�Z�]���Z�v���•�• �î�ó �ï�ð 
�9���E���Ÿ�À�� �ó�ì�9 �ð�ï�X�õ�9 
�9���E�}�v�r�v���Ÿ�À�� �ï�ì�9 �ñ�ï�X�ó�9 
�9���K�‰���v�������v�}�‰�Ç �ô�X�õ�9 �í�ò�9 
�9�����•�Z�� �E�� �ñ�ó�X�í�9 
 

 

 

Figure 27. Line point intercept species composition for both burned and unburned transects along Coal 
Creek. Only species with at least 1% cover are included. Smooth brome cover was similar between 
burned and unburned sites, while woody species composition and percent cover differed by burn status. 

 

Results from 1 m2 vegetation plots analyzed by FQA analysis showed similar results (Table 2) 
though burned and unburned areas were not statistically different for any metric (P > 0.05; 
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analyzed with an ANOVA). This likely reflects the recovery of herbaceous vegetation in the plots 
between sites. Ash cover and severity were also estimated within each vegetation plot. Severity 
was estimated based on ash color, where black and brown ash were considered low severity, 
grey ash considered moderate, and white ash considered severe. Approximately 72% of 
vegetation plots had ash cover, with 27% being considered high severity and 18% considered 
moderate severity (Fig. 28). Moderate to severe ash cover may indicate the presence of 
hydrophobic soils which can impact soil erosion rates and revegetation. 

 

Table 2. Floristic Quality Assessment (FQA) results summary table including mean, standard deviation, 
and minimum and maximum values of associated metrics. Table adapted by The Watershed Center 
(removed rows that were not relevant to this discussion). 

 

 

Figure 28. (Left) Soil data collected in 1m2 vegetation plots indicating none, low, medium or high burn 
severity based on ash cover and color. (Right) Example of a 1 m2 vegetation plot used to collect data for 
the FQA analysis in a burned site along Coal Creek. Note the minimal vegetation and hydrophobic soil at 
this site. Photo credit: Jordan Swenson and Cat McIntyre (Boulder OSMP). 

 

Mean S.D. Min Max Mean S.D. Min Max
Total species richness 11 3 7 14 15 6 7 23
Native species richness 5 2 2 6 6 3 3 11
Non-native species richness 6 2 2 8 7 3 4 11
% Native species 45 14 29 71 47 11 27 62
% Non-native species 55 14 29 71 53 11 38 73
Mean C of total species 2.1 0.8 1.4 3.6 2.3 0.5 1.5 2.8

Burned (N = 8)Unburned (N = 6)

High, 27%

Mid, 18%

Low, 27%

None, 5%

BURN SEVERITY
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Belt surveys measured the number of dead and alive trees and shrubs. Belt surveys were 20m 
wide by 6-40m long, depending on the length of the riparian transect.  The shrub strata was 
heavily impacted within the burn sites where less then 200 woody species were counted 
compared to more than 1000 counted individuals in unburned transects (Fig. 29). Woody 
species observed in upstream unburned belt transects but missing in burned transects include 
���Z�}�l�����Z���Œ�Œ�Ç���~�W�Œ�µ�v�µ�•���À�]�Œ�P�]�v�]���v���•�U���•���v�������Œ���Á�]�o�o�}�Á���~�^���o�]�Æ���]�v�š���Œ�]�}�Œ�•�U�����u���Œ�]�����v���‰�o�µ�u�U���•�v�}�Á�����Œ�Œ�Ç��
�~�^�Ç�u�‰�Z�}�Œ�]�����Œ�‰�}�•���}�����]�����v�š���o�]�•�•�U�����v�����Á�}�}���[�•���Œ�}�•�����~�Z�}�•�����Á�}�}���•�]�]�•���Á�Z�]���Z���Á���Œ�������o�•�}�����o�o���‰�Œ���•���v�š���]�v��
�î�ì�í�î���•���u�‰�o�]�v�P���]�v���š�Z�]�•�����Œ�������~�&�]�P�µ�Œ�����ï�ì�•�X�� 
 

 

Figure 29. Count of woody species strata composition in burned and unburned 20 m2 belt transects. The 
shrub strata in the burned transects was heavily impacted by the fire relative to unburned shrub strata.  
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Figure 30.  Woody species composition from 2012 compared to 2022 surveys in both burned and 
unburned sites along Coal Creek after the Marshall Fire. 

 
�����v�}�v�r�u���š�Œ�]�����u�µ�o�š�]���]�u���v�•�]�}�v���o���•�����o�]�v�P���~�E�D���^�•�����v���o�Ç�•�]�•���Á���•���‰���Œ�(�}�Œ�u�������š�}�����À���o�µ���š�����š�Z����
�•�]�P�v�]�(�]�����v�������}�(�����]�(�(���Œ���v�����•���]�v���Á�}�}���Ç���À���P���š���š�]�}�v�����}�u�u�µ�v�]�š�Ç���•�š�Œ�µ���š�µ�Œ���������š�Á�����v�����µ�Œ�v���������v����
�µ�v���µ�Œ�v�����������o�š���š�Œ���v�•�����š�•���~�&�]�P�X���ï�í�•�X���d�Z�����µ�v���µ�Œ�v���������}�u�u�µ�v�]�š�Ç���]�v�����o�µ�����]�•���u�}�Œ�������o�µ�•�š���Œ������
�Œ���‰�Œ���•���v�š�]�v�P���o�}�Á���Œ���À���Œ�]�����]�o�]�š�Ç���Á�]�š�Z�������u�}�Œ�����µ�v�]�(�}�Œ�u���À���P���š���š�]�}�v���•�š�Œ�µ���š�µ�Œ�����Á�]�š�Z�����o�o���•�š�Œ���š�����‰�Œ���•���v�š��
�Á�Z�]�o�����š�Z�����µ�v���µ�Œ�v�������•�]�š���•�����Œ�����•�‰�Œ���������}�µ�š���Á�]�š�Z���u�}�Œ�����À���Œ�]�����]�o�]�š�Ç���]�v�����}�u�u�µ�v�]�š�Ç���•�š�Œ�µ���š�µ�Œ���X�����µ�Œ�v������
���v�����µ�v���µ�Œ�v�������•�]�š���•���š�}���v�}�š���}�À���Œ�o���‰���]�v���]�����š�]�v�P���š�Z���]�Œ�����}�u�u�µ�v�]�š�Ç���•�š�Œ�µ���š�µ�Œ���•�����Œ�����•�]�P�v�]�(�]�����v�š�o�Ç��
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���]�(�(���Œ���v�š�X���d�Z�]�•���]�•���o�]�l���o�Ç�����µ�����š�}�����µ�Œ�v�������•�]�š���•���Z���À�]�v�P���������}�u�u�µ�v�]�š�Ç���•�š�Œ�µ���š�µ�Œ�������}�v�•�]�•�š�]�v�P���u���]�v�o�Ç���}�(��
�u���š�µ�Œ�����š�Œ�����•�����v�����•�������o�]�v�P�•�����µ�š���o�����l�]�v�P���•�Z�Œ�µ�������v�����•���‰�o�]�v�P���•�š�Œ���š���X���d�Z���•�����š�Œ���v�•�����š�•���Á�]�o�o�����}�v�š�]�v�µ�����š�}��
�������u�}�v�]�š�}�Œ�������š�}�����Æ���u�]�v�����Z�}�Á�����}�u�u�µ�v�]�š�Ç���•�š�Œ�µ���š�µ�Œ�������Z���v�P���•���}�À���Œ���š�]�u�����Á�]�š�Z���š�Z���������v�}�‰�Ç���}�‰���v�]�v�P��
�µ�‰�����µ�����š�}���š�Œ�����U���•���‰�o�]�v�P�U�����v�����•�Z�Œ�µ�����u�}�Œ�š���o�]�š�Ç���Á�]�š�Z�]�v���š�Z�������µ�Œ�v���������Œ�����•�U�����v�������•���•�Z�Œ�µ�����•�‰�����]���•���•�š���Œ�š��
�š�}���Œ�����}�o�}�v�]�Ì���X 
 

 

Figure 31. Non-metric multidimensional scaling (NMDS) of burned and unburned community structure 
for woody species within woody species belt transects. 

 

The Marshall Fire burned in a patchy pattern in riparian areas along Coal Creek in this study 
location, which makes it difficult to capture all the impacts to riparian vegetation. Regardless, 
Boulder OSMP was able to identify priority locations for restoration which was implemented in 
May of 2023 (Fig. 32). Restoration included weed management, planting approximately 995 
native shrubs, and seeding with a native riparian seed mix in areas of high intensity fire that 
created hydrophobic soils. While it is important to measure differences between burned and 
unburned sites, it is also a priority to track individual sites through time to understand how 
riparian sites recover. This first year of data collection provides a baseline for how sites will 
respond into the future. Boulder OSMP will continue to monitor the Coal Creek riparian area 
�}�À���Œ���š�Z�����v���Æ�š���(���Á���Ç�����Œ�•���š�}���(�µ�o�o�Ç���µ�v�����Œ�•�š���v�����š�Z�����š�Z�����D���Œ�•�Z���o�o���&�]�Œ���[�•���]�u�‰�����š�X 
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Figure 32. Targeted restoration areas identified from 2022 vegetation and soil monitoring. 

 

5.3 Marshall Fire impacts conclusions 

While it is difficult to make concrete assertations that the Marshall Fire had significant negative 
effects to the BMI and riparian vegetation communities with only one year of data, it is clear 
that there were some differences between reference and impacted sites, most notably a shift in 
BMI community composition downstream of impacted sites that suggest water quality impacts 
and an increase in nonnative plant species, bareground, and hydrophobic soils in riparian areas. 
From separate conversations with David Hirt (Plant Ecologist with Boulder County POS) and 
Brian Anacker (Senior Policy Advisor with Boulder OSMP), we learned that the upland grassland 
communities were relatively resilient to the fire. There was more bareground and less litter in 
burned areas compared to unburned areas but species composition remained similar. 
Additonally, previous monitoring by The Watershed Center assessing other impacts in the St. 
Vrain Basin (e.g., Calwood and Left Hand Fires, Apple Valley tanker spill, mining impacts), 
revealed that while there were initially negative impacts to vegetation communities, BMI 
communities, and water quality, most metrics continue to rapidly improve as time goes on 
(seen in months (Apple Valley tanker spill) to three years (fire impacts)). The Marshall Fire 
burned with mixed intensity (low intensity in the upland grasslands and higher intensity in the 
riparian and urban developed areas), so targeted restoration of the most impacted areas will be 
necessary. With restoration efforts, supported by continued monitoring, we are hopeful that 
river and riparian systems will recover to pre-fire conditions. 
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The Watershed Center, Boulder OSMP, and Boulder County POS will continue to monitor 
impacts to the BMI community and riparian and upland grassland communities as part of long-
term and Marshall Fire-specific monitoring programs.  

 

 

6. Future reporting 

As outlined in the Adaptive Management Plan, The Watershed Center will report on St. Vrain 
Basin-wide conditions in full State of the Watershed reports approximately every five years. 
Interim State of the Watershed reports will be released in years in between full reports. The 
schedule and content of interim reports are deliberately flexible to assess priorities identified 
by partners as they come up. For 2024, The Watershed Center is tentatively planning on 
reporting on 1) a final assessment of impacts of the Calwood and Left Hand Fires on upland 
forest vegetation and 2) the state of the grasslands, especially as they relate to managing fire. 
Although it may not be shared in a report annually, data collected by The Watershed Center is 
analyzed annually so that any identified issues may be immediately shared with partners. 

 


