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Executive Summary

The Watershed Center developed this report for partners and commumgiybers across
Boulder County that manage and monitor watersheds, including land managadgraic
researchers, non-profit organizations, and interested publie purpose of the annual State of
the Watershed report is to relay and document what we have learned alatgrshed health

in the St. Vrain Basin to our broad partner network.

The St. Vrain Basin represents diverse ecological conditions from highfalgsts and

streams to dryland grassland ecosystems. Disturbances such as floods, wildfires, amarong-t
drought, as well as human impacts such as urban, agricultural, and recraaand uses

impact the natural environment. Long-term (trend-based) and discrete (ibased)

monitoring help aid land managers and others in making the best desitidmelp sustain
resilient ecosystems.

In this report, we present on 1) benthic macroinvertebrate communitpdieacross the St.
Vrain Basin, 2) river sediment and habitat trends in the Boulder Wadr§hcluding its sub-
watersheds), and 3) impacts of the Marshall Fire on the benthic macroitrateecommunity
and riparian vegetation in and along Coal Creek. We graciously thank ourduardepartners
of this project as well as partners who shared data to help make thistrgpssible. Our main
takeaways for each watershed are below.

St. Vrain Watershed

While our results suggest that benthic macroinvertebrate communities are gepaeslthy,
two unknown impacts occurred (one at Golden Fredstrom in 2021 and onalld¥ieladows in
2022). Golden Fredstrom recovered by 2022, and The Watershed Centmontiiue
monitoring at Hall Meadows in 2023. Additionally, New Zealand Muldsware discovered at
Golden Fredstrom in 2022, and highlighted the need for cross-Basaba@tive management
and monitoring. The existing New Zealand Mudsnail group, which was focuskd Boulder
Watershed expanded to include the City of Longmont, City of Boigen Space and
Mountain Parks, Boulder County Parks and Open Space, Colorado Parks afel ®ittilThe
Watershed Center to share information and management strategies.

Left Hand Watershed

The benthic macroinvertebrate community appears to be healthy, which suggesisixgier

guality. A decreasing trend in sediment impacts was observed at TBe (E « Z vs E[* "S P
Zero restoration site, which suggests that Stage Zero restoration teueffective at

attenuating flows and catching sediment. These projects can servwepastant buffers to

downstream infrastructure as wildfire risk and their impacts to rivers increase.



Boulder Watershed

While benthic macroinvertebrate communities appear to be in good heslttigher
elevations, we observed significant impacts at lower elevations, which sugge#s ves
water quality. These observations are likely due to various drivers ingludbanization,
agriculture (e.g., runoff inputs), flow augmentation (e.g., municipal @ajicultural ditch
operations, wastewater treatment effluent), and impacts from the Marshall Five. T
Watershed Center is working with partners that manage in this watershea to modify our
monitoring framework sampling design to accurately capture conditionsresatporate new
indicators and assessments to investigate the possible drivers to poor wadétyge.g.,
urbanization, agriculture, ditch operations, Marshall Fire, etc.).

The impacts of the Marshall Fire on benthic macroinvertebrate communities iInCCeak were

difficultto JvS & %o &E $§ pHe 3}( 1((] pos8] » ]e v8 vVPOIVAP BZ]u@pE S ]u %
along Coal Creek. For some metrics, we observed trends that suggest decreases to aldter qu

due to the fire. Understory riparian vegetation in burned sites was enately affected by the

fire but appears to be rapidly recovering. Woody tree and shrub comnegniti burned sites

were more affected and had significantly less coverage than unburresl fibst-Marshall Fire

benthic macroinvertebrate monitoring will continue by The Watershed Cehteugh 2023

and riparian vegetation monitoring will continue through at least 2024neyQity 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 comynueinbers
across Boulder County that manage and monitor watersheds, including landgers,
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 aodndent what we

have learned about watershed health in the St. Vrain Basin to our lpadder network.

Information presented in this report comes from long-term and digcdata collection done

by The Watershed Center, data collection done by our partners, ancecsations with

partners about known issues and priorities in the St. Vrain Basin. Aseolin theAdaptive

Management at Scale Plgall State of the Watershed reports, which describe ecological

conditions across the entire St. Vrain Basin, will be released approximately ieeygdrs. A

more succinct report, which focuses on specific issues or desired corgdéial includes only a

subset of indicators that we track, will be released in interimyedrg.]e¢ C &E[* & % }ES ] Vv
interim report dedicated to topic priorities identified in 2022.

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

View our2022 State of the Watershed repdidr 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. 18ddascrib
detail in theAdaptive Management Plamwhich was collaboratively developed with over 30
partners, to monitor and manage conditions across the St. Vrain Basin. Desiretiocsere

}Joo }E 3]A oC A 0}% v PE H%}vU AZJZZ~(MPX WP b S (EE vV
EJAE JEE] }JE* *Pp% %} ESe PEE v VECQLSpUE S G & % (ESK @}
monitor indicators (e.g., BMI community metrics such as Multimetric Indesesgthat have
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state or partner established performance thresholds, which help inform hdredesired
conditions are being met. Each year, The Watershed Center hosts a collaboratigbapork
with partners where the state of the watershed is discussed thrailggh and case study
presentations, and new priorities are identified. A state of the wdtedsreport is released
based on data collected and priorities identified. Finally, inherent i® hocess, are
adjustments and modifications at all steps of the process (e.g., altering Bawitiggias new
impacts to ecosystems are discovered; altering monitoring strategies basedaiwah
learned from the previous year). Each of the steps in the Adaptive ManagdPneogss inform
collaborative project prioritization and implementation across Besin.

Ecological goals for the basin, developed with
stakeholders and community to incorporate
priorities across rivers and forests.

Inherent to learning and adjusting,
strategic planning across rivers,
grasslands, and forests guides each

step in the process. /

Adjust and iterate at all steps
based on what is learned.

Coordinated and
complimentary data
collection across the

basin using apples-to-
apples methods.

Design, implement, and
monitor multi-benefitand
cross-boundary projects.

Workshop and working
groups bring together
diverse stakeholders and
community to prioritize
and plan cross-boundary
projects and monitoring.

Regular reports that highlight x
notable progress and year-to-

year changes in the state of the
watershed, with versions for Watershed el e Reports include map of

stekeholders and communty. ... SENSEN Uy  (projecstoimplement
‘ based on data and

collaborative prioritization.

Figure 1. Adaptive Management Process diagram.

The Watershed Center implements the collaboratively developed Adaptarealyement
Process by monitoring ecological conditions across the St. Vrain Basintifyidesas of good
ecological health as well as areas of concern relative to desired aoraliffhe Watershed
Center uses data collected as part of the Adaptive Management Proce sgmener
collaboration on priorities in the St. Vrain Basin to provide recommeadstior project
prioritization. These priorities are shared with partners to enact collatdog planning and
restoration projects that benefit watershed and overall Basin-wideagioal health. Long-term
ecological monitoring of river and riparian conditions occurs at sites located acroBsisire
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. Colare®f ci
represent site ownership.

3. Long-term benthic macroinvertebrates (BMI)

In this interim report, we present Multimetric Index (MMI), Toleranceadatbr Value (TIV),
Hilsenhoff Biotic Index (HBI), and Shannon Diversity Index (Diversity) smoites $t. Vrain,
Left Hand, and Boulder Watersheds below. These scores are calculated frooorBMunities
following guidance from the Colorado Department of Public tHheshd Environment (CDPHE)
and are indicators that provide a broad understanding of impaztver systems. Scores that
fall below state-established impairment or in between impairmend attainment thresholds
indicate that the stream is potentially in poor health. Other mettiw impact MMI, TIV, HBI,
and Diversity scores can be investigated to determine what the issue is.réstteam-
dwelling insects that inhabit the interstitial space between andemeath rocks on the stream



substrate. They are prey for fish and wildlife throughout thegr ¢ifcle. Specific groups of BMI
taxa are sensitive or tolerant to impacts, which makes BMI community-derived mesefs!
for making assumptions about water quality. Note that they are not diregdier quality
measurements.

MMI: Number from 1 to 100; uses eight equally weighted metrics from a rargidoiset of the
total BMI sample (which means a repeat analysis on the same sample mightligbtly
different results) to provide a single index score. Higher scores ré¢flegiresence of sensitive
taxa, suggesting better water quality. Atrease in scoresuggestbetter water quality

TIV:Tolerance number from 0 to 10; higher scores indicate thaBi community is
composed of species that are more tolerant to fine sediment depositgngease in scores
suggests amcrease in sediment impacts the BMI community.

HBI: Tolerance number from O to 10; higher scores indicate that the BMI contyns
composed of species that are more tolerant to organic pollution/nutriemtichment. An
increase in scoresuggests decrease in water qualitglue 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 vgraahiihg the BMI
community, and scores lower than 1 generally indicate pollution impacts.

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

1. Water quality in river corridors supports current and future aquateeand beneficial
uses (e.g., other standards are more stringent or there are not applicable adjteatic
standards).

2. Dynamic geomorphic processes are able to take place now and in the futureingsul
source, depositional, and transport reaches, with depositional reachesthmdort
attenuation of flows and sediment located between critical infrastructamel transport
reaches that support transport of flows and sediment located adjacentiticad
infrastructure.

Sampling methods and metric calculation notes

Monitoring, analysis, and reporting has been conducted by local munt@gairior to 2019

and at additional sites. The monitoring locations and the samplingiéecy described in this

E %}ES A E Z}e v §} Jvel]ed v3 A]S3Z 3Z] R)EY %[ A § E-Z
timeframe. The Watershed Center tries to not duplicate monitoring efforts and dgpeer

existing partner data when possible. Slightly different methods ntighiised by various

entities depending on their monitoring and management goals (e.g., using Hess gatoplin
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capture biomass/density versus kick net sample, which does not captureabsgidensity).
Despite differing methods, metrics are calculated relative to the sarsige and effort and are
still comparable. Further, The Watershed Center sampled at two sites adjacpatther
collection sites (BC-28 adjacent to BC-CU in the City of Bould®+] ladjacent to T-11 in the
City of Longmont), and the BMI-derived scores between comparison stessinilar. In 2022,
the MMI score at BC-28 was 45.6, and the MMI score at BC-CU was 47.6svelfichtia 4.3%
difference. The MMI score at LHC-1 was 60.6, and the MMI score at T-11 wasbeh3is
about a 1.3% difference. This comparison supports the premise thatidgfdata collection
methods can yield similar results. In the future, The Watershed Cenlleronsider dropping
BC-CU and T-11 sites and leverage data from the City of Bouldeityofl Gngmont instead.
A brief description of which entity collected BMI data and where is below

St. Vrain WatershedMI data at Golden Fredstrom and Keyes sites collected by City of
Longmont usingdess sampling methodll other sites collected by The Watershed Center using
CDPHE kick net sampling method

Left Hand WatershedMI data at Peck site collected by City of Longmont udéaws sampling
method. All other sites collected by The Watershed Center uSID§HE kick net sampling
method.

Boulder WatershedBMI data at BC-CAN, Van Vleet, and Alexander Dawson sites collected by
City of Boulder usingless sampling methodll other sites collected by The Watershed Center
usingCDPHE kick net sampling method

All sites were sampled in fall of the sampling year except for Highway 9@ Bdpen Space,
which were sampled in July 2022. While there could be some @liféerin BMI community
composition between summer and fall samples (e.g., certain species emerge atrditfisres
of the year, which changes community compaosition), the two summer samples wpseziats
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

3.1. St. Vrain Watershed BMI data
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Figure 3MMI 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 thenmpairment 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. Horizomtarsbli
dashed black lines represent the mean + one standard error, respectively, of all previous wides be
the current year to provide a historical range of variability (HRV) of that site. An MMI scoee of th
current year outside the HRV indicates a potential anomaly and further examination could beedxplo
Data from Golden Fredstrom and Keyes collected and shared by the City of Longmont.
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https://watershed.center/wp-content/uploads/2023/08/Policy-10-1_MMI-Scoring.pdf
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Figure 4TIV scores for sites (oriented from highest elevation to lowest elevation) in the St. Vrain
Watershed (including North, South, Middle and mainstem St. Vrain Creeks). Horizadte¢ddines
represent theimpairment threshold as determined by the State of Coloradld 1V score that falls above
the impairment threshold indicates that the BMI community is more tolerant to fine sedimentsitspo
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 anid fuexthuse

fine sediment is expected to accumulate in downstream plains sites, thus plains sites are not intluded i
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 wariabilit
(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 sbiidsed
represent theimpairment threshold as determined by the State of ColoraAlédBI score that falls above

the impairment threshold indicates that the BMI community is more tolerant to orgamilatpn, which

could mean a potential pollution input issue is present at that site. Thresholds vary by theebadty

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 (HRAY) of t

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.
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Figure 6. Shannon Diversity Index (Diversity) scores for sites (oriented from highest elevatiovesi lo
elevation) in the St. Vrain Watershed (including North, South, Middle and mainstem St. Vrai) Creek
Horizontal solid red lines represent thepairment threshold as determined by the State of ColoraAlo
Diversity score that falls below the impairment threshold indicates that the BMI community & no

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 Diversityfscore

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 hibngmo

3.2. St. Vrain Watershed BMI conclusions

For most sites in the St. Vrain Watershed, MMI and Diversity scores are #iseskolds and
TIV and HBI scores are below thresholds, which indicates that the BMI gotynmuthe St.
Vrain Watershed is generally healthy, although we do note several patesdgues. First, in
2022, Hall Meadows, located on South St. Vrain Creek just west of the town sf bpsa
MMI score below its historical range of variability (HRV), though abievattainment
threshold and a HBI score also higher than its HRV, though below thenmepaithreshold.
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The Diversity score is well below its HRV and below the impairment thdesHo TIV score is
within its HRV and below the impairment threshold. These metrics indacatatential issue in
water quality that is likely not related to sedimentation. A closer lookalt Meadows is
described in the next section.

Second, we noted impairments to MMI and HBI scores at GoldentFyegdocated on St.
Vrain Creek at N. 5Street, in 2021. Additionally, the Diversity score was below its HRV,
though still above the impairment threshold. A localized, untded impact to the creek at or
just upstream of this site seems likely because similar effects were not observed asivéiser
upstream or downstream. The impact seems to have ameliorated by 2022 with MMI a
Diversity scores at the higher end of their HRVs and HBI just below itSTH&REity of
Longmont samples the BMI community at Golden Fredstrom, and they were awidiis @sue
and will continue to monitor.

Additionally, the City of Longmont reported that New Zealand MudIS(lHZMS) were
detected at the Golden Fredstrom site in fall 2022 (City of Longrnailgtcts water quality and
BMI samples at the Boulder County managed property). This is one of thenbiishldetection
of the invasive aquatic species in St. Vrain Creek (the City also dksess at another
location downstream). Due to the timeliness of the recent detection and paiéfdr future
impacts to other aquatic life if populations were to establish, species managamarnigh
priority for stakeholders. As such, the City of Longmont and other Adaptivadgément
partners including the City of Boulder OSMP, Boulder County@®l#ado Parks and Wildlife,
and The Watershed Center are collaborating on implementing new managestrategies for
NZMS in the St. Vrain Basin and to bolster existing management in Bddtitably, The City of
Boulder and Boulder County have been managing NZMS since the earlyr?800ddier Creek
Watersheds. This collaboration will also build cross-jurisdictional tovamg, management, and
outreach strategies for NZMS across the St. Vrain Basin.

Finally, in 2022, at Keyes, which is the easternmost site along St. Vrak) @@eeBIMI score fell
below the attainment threshold though is above the impairment thresholdgctvicalls for
further investigation for a possible impairment. Notably, the 2022 MMtescs still close to its
HRV based on three years of previous data. We did not see impairments iBllzadH
Diversity scores. The HBI score falls within its HRV, and the Diversity score is bthgn slig
greater than its HRV. Results at this site are particularly importanheasastern part of the
watershed represents the accumulation of urban and agricultural mfnatm upstream. Thus,
less than ideal metric scores might be expected. The City of Longmont does ntaoitsites
further downstream of Keyes but prior to the confluence with BeulCreek, and neither of
those sites yielded scores that indicated impairment. The City of Lamigwilb continue to
monitor this site and their downstream sites, and if MMI scores continueetvahse at Keyes,
further examination of what is causing the decrease could be done.
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Figure 7BMI 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
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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 cogpnatunit
Hall Meadows in 2022. The MMI score is made up of eight equally weightettsneine of
which is shown here: % EPT (excluding Baetidae). The other metrics shiaw stterns, so it
is unclear what exactly is driving the decline in overall MMI scoree@ptoptera, Plecoptera,
and Trichoptera (EPT) taxa are sensitive to environmental impacts, so & diestase in their
abundance or richness is usually reason for alarm. The HBI score is calcsiateBMI
richness and their tolerance to pollution, mainly elevated nutrients. TaxaeiiChironomidae
family are tolerant to pollution, and a high percentage of therthim collected sample would
indicate a potential nutrient pollution input. Here, it is intetieg that the percentage of
Chironomids is lower than its HRV, which indicates that aemitpollution impact is not likely.
Further, the ratio of EPT (intolerant) to Chironomids (tolerant) is high,atidgthat tolerant
taxa have not displaced intolerant taxa. The Diversity score is composed otBhMiss and
evenness, both of which are shown here, and both of which are well bisenwHRYV.

MMI, HBI, and Diversity scores as well as the metrics above used to calculate the s@res gi
conflicting conclusions, but when examined completely, do not lead bslieve a significant
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pollution impact occurred. Instead, it is possible that the sample was smoplepresentative
of the BMI community. The total count is lower than its HRV, which ¢@ud led to a non-
random taxa distribution. It is important to note, however, that reclamatiom efuarry
upstream and road construction along Highway 7 occurred throughout suraneefall 2022,
which can sometimes impact conditions in river systems. These resalt®amdicative of a
sediment issue, however. Additionally, all grading work as part of the quarry rectamvedis
buffered off the stream itself, and other sites further upstream ik@buld have been
impacted from road construction, which was not observed. The Watershed Geititeontinue
to monitor Hall Meadows in 2023.

PSSR

Figure 9Hall 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

Canyons
Forest Service Meadow Harms Upper Buckingham
Left Hand Creek James Creek Left Hand Creek

100

o
e Foothills Plains

s Legacy 1 Peck T-11

é Left Hand Creek Left Hand Creek Left Hand Creek

Figure 10 MMI scores for sites (oriented from highest elevation to lowest elevation)drL#it 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 ColgkaddMI

score that falls below the impairment threshold indicates an issue within the BMI community)csest
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 immedcien 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.
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Canyons Foothills
Forest Service Meadow Harms Upper Buckingham Legacy 1
Left Hand Creek James Creek Left Hand Creek Left Hand Creek

Figure 11.TIV scores for sites (oriented from highest elevation to lowest elevation) in the Left Han
Watershed (including Left Hand and James Creeks). Horizontal solid red lines repregeptiheent
threshold as determined by the State of Colora@oT1V score that falls above the impairment threshold
indicates that the BMI community is more tolerant to fine sediment deposits, which coegah a

potential sediment issue is present at that site. Thresholds vary by the sediment region of eadWVsite. T
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 tieis figu
Horizontal solid and dashed black lines represent the mean + one standard error, respectiaily, of
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.
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Figure 12 HBI scores for sites (oriented from highest elevation to lowest elevation) in thelaedt
Watershed (including Left Hand and James Creeks). Horizontal solid red lines repregeptineent
threshold as determined by the State of Colora@ddHBI score that falls above the impairment threshold
indicates that the BMI community is more tolerant to organic pollution, which cowddn a potential
pollution input issue is present at that site. Thresholds vary by the biotype of each site.rtelr&aid

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 beedxplo
Data from Peck collected and shared by the City of Longmont.
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Figure 13Shannon Diversity Index (Diversity) scores for sites (oriented from highest eletatmvest
elevation) in the Left Hand Watershed (including Left Hand and James Creeks). Horizoned $iokd r
represent theimpairment threshold as determined by the state of Colora@diversity score that falls
below the impairment threshold indicates that the BMI community is not as diversgpested. 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 scorecafriet

year outside the HRV indicates a potential anomaly and further examination could be explatad.

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 IHdind Watershed, which is
reflected by appropriately high or low (depending on metric) MMI, TIV, HBIDarersity

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
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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 Legacydl t § (E<Z vS E[s "S P o EHnlowerS}E S|}V
Left Hand Canyon, has continually been decreasing since project compief0a9 while
upstream site scores have remained stable. A decreasing TIV scorentgatas that the BMI
community is composed of species that are more intolerant to high loafiseo§ediment.

Given one restoration objective of Stage Zero restoration is ttucasediment through
increased geomorphic complexity, the observed decrease in TIV scores over time suggests t
this site is effectively capturing fine sediment before flowing downstreamur sample

location and sites further downstream. Stage Zero restoration is a restoregaimique with

the end goal of creating a multi-thread channel wetland complex as sgibto a narrow,
single-thread river corridor. A wetland complex is better able to ategadlows and sediment
than a confined river. Unfortunately, TIV scores are not calculatstex further downstream
because more sediment is expected to be deposited in those areas, so we are unséxdeift

this trend holds true further downstream. These data still suggest thegeSZero restoration
could be effective at catching sediment before flowing downstreamfit@astructure. 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 14Fine 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 threghdld 1 has the
highest HBI and lowest Diversity scores among all Left Hand Watershed sites.|®eated
along Left Hand Creek at S. Martin Street in Longmont and representban-impacted site,
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SO some impacts to water quality are expected. Only one year of data was collected §022),
The Watershed Center will continue to monitor to better understaéimel HRV of this site.
Similarly, Peck, the next site upstream located along Left Hand Creek dt Str@bt in
Longmont, had a lower Diversity score than historical data, though stMeath® impairment
threshold. The City of Longmont will continue to monitor Pecldtermine if an issue exists,
signified by continually decreasing scores.

It is also important to note that upper Left Hand Creek and Jabneek have a history of
mining impacts, although it does not appear that the BMI community is otlyréeing
impacted at the landscape scale based on data collected at knng<gites. The Watershed
Center also samples for heavy metals in Left Hand Creek, and whileatteeoecasional chronic
exceedances in water quality constituents (e.g., zinc and copper) most yeard/ithe B
communities have rebounded since the 2018 release at Captain JackAdiigonally, in
2022, a seep was identified near the Harms site along James Creek. Water qualisyfresul
the seep are indicative of acid mine drainage, however water qualitytsesam James Creek
show that the seep is either not accessing the creek or that it is beingdilila undetectable
levels once it does reach the creek. The Watershed Center will contrmertitor mining
impacts to upper Left Hand and James Creeks.
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3.6. Boulder Watershed BMI data
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Figure 15MMI scores for sites (oriented from highest elevation to lowest elevation)drBtulder

Watershed (including North, South, Middle and mainstem Boulder Creeks, Rock Creek, and Coal Creek).
Horizontal solid and dashed red lines representithpairment and attainment thresholds, respectively,

as determined by the State of Coloradhn MMI score that falls below the impairment threshold

indicates an issue within the BMI community, and closer examination is recommend&tMAscore

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 (HRAY) of

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.
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Figure 16 HBI scores for sites (oriented from highest elevation to lowest elevation) in thidé3o

Watershed (including North, South, Middle and mainstem Boulder Creeks, Rock Creek, and Coal Creek)
Horizontal solid red lines represent thepairment threshold as determined by the State of ColoraAlo

HBI score that falls above the impairment threshold indicates that the BMI community isotenant

to organic pollution, which could mean a potential pollution input issue is presteihiat site.

Thresholds vary by the biotype of each site. Horizontal solid and dashed black lines represesathe m

+ one standard error, respectively, of all previous years besides the current year to providariadlist

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.
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Figure 17 Shannon Diversity Index (Diversity) scores for sites (oriented from highest eleatmnest
elevation) in the Boulder Watershed (including North, South, Middle and mainstem B@irieleks,
Rock Creek, and Coal Creek). Horizontal solid red lines represemtthiement threshold as
determined by the State of ColoradA 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 represesathe
+ one standard error, respectively, of all previous years besides the current year to provideiadlisto
range of variability (HRV) of that site. A Diversity score of the current year outside the HiRtemd
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 qussiigs reflected by the
BMI community in Boulder Watershed, however some caveats to that conclusion arssdidcu
below. Please note that TIV scores were calculated for the BluebiriRagdrs sites (figure not
shown), which were below impairment thresholds, but were not calcdléte all other sites
because they are all at a low enough elevation that fine sediment accumulatiopasted.
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Sites in the canyons attained both MMI and HBI thresholds, itidgca well-functioning BMI
community. Van Vleet, which is located along South Boulder Creek amditiasal 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 surrautaaid use. Within City
limits, BC-CU is heavily impacted by urban inputs from the Citgudfi®, and sites farther east
like Alexander Dawson and Canino further downstream are impacted by lagnétinputs. BC-
CU is located in downtown Boulder and experiences increased recreatictindaty and water
guality impacts associated with urbanization, which could explain Bseved reduction in
MMI score and increase in HBI score when compared to monitoring sites upstRemiuctions
in MMI scores were also observed further east; Alexander Dawson and Canino alsovhave |
MMI scores, which are possibly due to increased agricultural impacts (e.gs ingu runoff;
influence of flow from diversions). Interestingly, HBI scores are relatively low, whigh is n
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 Creekylall have M

scores below the impairment threshold and HBI scores above the impairment threshold,

indicating significant water quality issues and possible nutrient ingpatigh amounts of fine

sediment at Highway 93 (discussed more in Section 4.1) could also be congritaugiaor

scores. However, caution should be advised when interpreting these redigtsway 93 and

CTC Open Space were sampled in mid-July as part of a collaborative safiigiingith the

hv]A E+]3C }( }o}E } }puo € 38} A u]v 3Z Ju%B o3-E (137 D/ E-Z
community (discussed more in section 5.1 and 5.3 below) and were alreauly flow
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conditions. Similarly, RC-4, which was sampled in the fall, was ats® flow conditions. BMI
taxa that are able to tolerate low flow conditions are likely not representatii@BMI
communities that usually inhabit these areas and are difficuttdmpare against sites with
higher flow. Low flow conditions (partially driven by irrigation ditch operat), temporary
impacts from the Marshall Fire, and only one sample for most sites to csaalusions from
make it difficult to fully and accurately interpret these results. Theah&ted Center plans to
discuss with partners possible drawbacks and benefits of potentially sagrgditier in the year
at these sites and what that means for data interpretation aachparison.

Diversity scores are also difficult to interpret and show a counterintuitive sBikersity scores
are lower than expected (compared to thresholds) in some sites (e.g., Bluebitrthjgirer than
expected in low flow sites (e.g., Highway 93, RC-4, and CTC Open Space). Bthelsit:ief a
legacy mine, which could have remnant effects on water quality. Agairdifficult to draw
conclusions from one sample, so The Watershed Center plans to costnmualing annually.

Figure 18 Highway 93 along Coal Creek south of the City of Boulder and upstream ofatheflo
Superior and City of Louisville. Note the low flow conditions and algae growing betgéambed.
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 convemnsatidh partners, The
Watershed Center heard that developing a greater understanding of in-steeautitions in the
Boulder Watershed is a priority. Below, we present our first year of #stashow the
proportions of various sizes of rocks and their distribution throughouttiagrshed and
calculate the percentage of fine sediment at the site level. Next, we showrtsEortions of
river unit types and their distributions throughout the watershed aradiculate the percentage
of pools at the site level.

Aquatic insects (i.e., BMI) inhabit the interstitial space betweenwrderneath rocks along the
streambed and are a large source of prey for fish populations. Fish also rely osabstrate

to lay eggs and seek habitat in the interstitial spaces. As normal hydrologic processesinec
sediment (i.e., <2mm sands) collects in those spaces. While some sedimamuéattan is
expected and crucial for maintaining healthy river structure, too Imsediment accumulation
can decrease habitat for the BMI and fish communities, especially at hijgnation canyons
and foothills streams. Alternatively, sediment is expected to accumulate fudinstream as
more inputs wash into the river and deposit in the low-gradient plairesasn reaches. BMI taxa
and fish species that reside at lower elevations are adapted to incrdasedediment loads.
However, due to ditch operations and infrastructure in the plains reacires sediment
connectivity is reduced and some reaches are considered to have less than ldesimaiunt of
fine sediment.

A pool is defined as the area of a river that a fish could hypothltioverwinter in if water
were to stop flowing. Pools are crucial for providing habitat for fishulations and are an
indicator of overall habitat complexity in a river reach. Pool area relatigertver reach
decreases in proportion with increased sediment accumulation, lack of afinsling flows
that scour and maintain pool depth, or lack of habitat complexityuess such as channel
sinuosity, large wood or boulders that form pool habitat. In higher g¢lemaanyons and
foothills streams, cold and cool-water fish like trout, sucker, and dacgire overwintering
pool depths of 0.8 feet or greater. In plains streams, warm-water fishnlikknows, sunfish,
darters, and catfish require deeper overwintering pool depths of 1ed de greater.

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

1. Dynamic geomorphic processes are able to take place now and in the futurdingsul
source, depositional, and transport reaches, with depositional reachesthptort
attenuation of flows and sediment located between critical infrastructamnel transport
reaches that support transport of flows and sediment located adjacentiticad
infrastructure.
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2. In-stream habitat is complex with multiple types of habitat (e.g., poolgelarood,
backwater, side-channels, off-channel ponds), connected, and supperentand
future native, wild, and desirable species.

Sediment monitoring was conducted using the@lman Pebble Count methothstream habitat
monitoring was conducted usingethods modified from the US Forest Service Pacific
Northwest Region Stream Inventory HandbodData are visualized with a waffle plot, which
scales proportions to 100, to easily see which sediment size/habitat typénddes a reach.
Bar graphs are then used for a closer analysis of fine sediment and wbatk, have the most
implications for BMI and fish habitat.
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4.1. Boulder Watershed sediment data
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Figure 19Map of long-term sites within the Boulder Watershed (including North, South, Middlenamstem Boulder Creeks, Coal Creek, and
Rock Creek) with associated site-specific waffle plots, which show the proportion of each rock class (sG@ledsairmon colored squares
represent sands (<2mm), green squares represent gravels (2-89mm), blue squares represent cobblenrt§98&il purple squares represent
boulders (>362mm). Bedrock is also measured; however, no bedrock was captured withimgarapBects in the Boulder watersheds.
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Figure 20Mean percentage of sands (<2mm) + one standard error at sites (oriented from highest
elevation to lowest elevation) in the Boulder Watershed (including North, Soutldi®and mainstem
Boulder Creeks, Coal Creek, and Rock Creek). Horizontal solid red lines thdicitelds as

determined by the State of Colorad®hresholds vary by watershed zone (canyons, foothills, and plains);
no threshold exists for the plains zone because sediment is expected to accumulate thatzerisiu

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.
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4.2. Boulder Watershed in-stream habitat data
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Figure 21 Map of long-term sites within the Boulder Watershed (including North, South, afdl mainstem Boulder Creeks, Coal Creek, and
Rock Creek) with associated site-specific waffle plots, which show the proportion of each unit type (sca®d $alinon colored squares
represent pools, olive squares represent riffles, green squares represent runs, blue squares represent glidessguodrpmkepresent

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 favorabiditoons for the
BMI community and fish populations. Sediment distributions follow expegsatbrns from the
canyons into the plains, except for trends in Coal Creek. Cobbldsoatders occur widely in
the upper watershed and decrease further downstream. A low percentage of sand exists i
upper watershed and increases downstream to the plains. Coal Creek sites shiowse@rse
of what we would expect for fine sediment from foothills to plains. Migi 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 conceidaigbly, data
collection at this site occurred when it was already dry, which could Aecbiased data
collection. CTC Open Space and Warembourg Farm are located further downstr&zmalon
Creek and had less fine sediment accumulation, which may be expected theeheavy
diversion infrastructure present upstream of these reaches leaving these areas sedimoetnt-s
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The Watershed Center will refine the sampling time to collect dullaav flows rather than dry
conditions at Highway 93 to further investigate this trend in thieife.

Percentage of pools data are especially useful when comparing multipleofedeata to
determine if pools are decreasing, increasing, or maintaining area. Wittoonalyear of data, it
is difficult to draw major conclusions, however it does appear thassit each watershed zone
are providing some habitat for fish. Notably, Bluebird on North BouldeelChas high pool
area and observationally great habitat complexity for cold-water fish. Lowlpdmtat at Van
Vleet may be due to overall low habitat complexity and fragmentation caused by diersi
throughout this stretch of creek as described in 8weuth Boulder Creek Stream Management
Plan No pool habitat at RC-4 is an unexpected result, however, it is a sneM| ordy one foot
wide in most areas of the study reach. Our methods and habitable pool deftd é¢éet or
greater may not be appropriate for this creek. In future monitoring, weagifisider revising
methods for this reach by scaling the definition of a pool by bankfullhwvidt

Figure 23Bluebird along North Boulder Creek west of Nederland. Note the habitat complexiigiimg!
large number of pools and in-stream woody debris. Photo credit: The Watershed Center.
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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 Mdshall
and Highway 93 south of the City of Boulder. It was the most destruatldfire in Colorado
history in terms of buildings destroyed, causing over $2 billion in damagesn&daver 6,000
acres of riparian and grassland habitat and neighborhoods in unincorporatddds County,
the City of Louisville, and Town of Superior.

Following the fire, The Watershed Center, Boulder County Parks and&paee (POS), City of
Boulder Open Space and Mountain Parks (OSMP), Colorado Parks and Wildlife,a@®PHE,
researchers from the University of Colorado Boulder began monitoring postrir&cts to
ecological resources along Coal Creek and the grasslands in the southern pbttierburned
area. In this report, we report on preliminary data and conclusions froenWatershed

vS (E[e ¢ eeu vS }( §Z D/ }uupvaiChdg CitylofdoulHer OSNIP
assessment of riparian vegetation along Coal Creek. We graciously thank Jordan Swdnson an
Cat Mclintyre from Boulder OSMP for providing data and interpretdtiothis report.

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

1. Water quality in river corridors supports current and future aqaéife and beneficial
uses (e.g., other standards are more stringent or there are not applicable adjteatic
standards).

2. The riparian corridor has a high-quality (high number of native spaciéself-
sustaining) native plant community that promotes clean water andmex 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)li@€ek using the
CDPHE kick net sampling methinduly 2022.

Figure 24 Map of Coal Creek sampling sites. Blue circles represent sampling locations. Highwhg 93 is t
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 credlits: Th

Watershed Center.
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Figure 25Metric values for the BMI community at sites (oriented upstream to downstream) aloalg C
Creek. Blue points and lines represent the upstream reference site, and orange pointseand lin
represent the impacted sites (in or downstream of burned zone). For MMI, horizontal solid and dashed
red lines represent thémpairment 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 th
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. ForeHBI, th
horizontal solid red line represents th@pairment threshold A HBI score that falls above the
impairment threshold indicates that the BMI community is more tolerant to organic tgmtluwhich

could mean a potential pollution input issue is present at that site.

Caution should be exercised when interpreting these results for similar reasatescribed in
Section 3.7 aboved Z § AE }oo & ]v :puoC pE]JVP } o &E I[* 0}A
includes intermittent dry up conditions. Additionally, there akely a multitude of other urban

and agricultural inputs besides fire impacts affecting these results. For éxatwp weeks
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before sampling, Erin Arsenault was dry except for several remnant pools. Howeveg, durin
sampling, Coal Creek was flowing at Erin Arsenault, indicating a possiblestitase occurred
in the interim. Highway 36 is located just downstream of the burned &terdotel in Superior
but is also next to a major highway and urban area. Dutch Creek is locasegaiijo a heavily
fertilized and irrigated golf course but was dry except for several paigh were filled with
mud and organic debris. Unfortunately, pre-fire data does not exist aetk#@ss to disentangle
impacts from the Marshall Fire from impacts from urbanization and agriculture

Given these considerations, several trends can still be observed. First,sfeedecreasing
trend in MMI scores from upstream to downstream. This suggests decreasing watey qual
further downstream, which could be due to Marshall Fire impacts orlgi@pal Creek moving
through heavily urbanized areas. Next, notably, there is an increttsing in HBI scores from
upstream to downstream. This is also reflected by decreasing intolerant speciescesmking
tolerant species from upstream to downstream. This suggests increased nutipens imto
Coal Creek from Marshall Fire debris.

The Watershed Center sampled all five sites again in July 2023 during floagheonditions.
While the samples have not yet been analyzed, anecdotally, they appeared to havéotabre
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 SwearshiCat Mcintyre

(Boulder OSMP). This information has been presented internallynvBibillder OSMP and at

dzZz t s E-Z v E[e Ti1i vvpu o }oo }E S]A Dz &vBY Eus 13 |- E
broader partner audience.

From June to August 2022, Boulder OSMP monitored the recovery of riparigat@yeand
soils within the burn perimeter compared to unburned areas upstraathé Superior
Associates parcel (similar location to the Erin Arsenault site described above;)Fithe€data
presented here summarizes the first year of a planned multi-year monggarogram to
determine restoration needs and target management priorities.

A suite of metrics was used to monitor post-fire recovery. Line point iepgr_PI) data were
summarized to estimate percent cover for vegetation and ground cover,iadditl n?
vegetation plot (analyzed using a Floristics Quality Assessment (FQA)) data were geohtoari
estimate percent cover for vegetation and ground cover and other FQA relatedcsyednd
data from 20 M 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 imeawily
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 o
nonnative species in burned areas compared to unburned areas (Table 1). Buesealsithad
double the amount of open canopy compared to unburned sites. (Table 1). Both bamded
unburned sites were dominated by smooth brome (~25%), so by herbaceous planttbever,
was not a large difference between sites (Fig. 27). However, unburned siteadidnore
woody vegetation including cottonwood6pulusspp.), lead plantAmorpha fruticosaar.
angustifolig, American plumRrunus americanahawthorn Crataegus macracanthaar.
occidentali$, peachleaf willowSalix amygdaloidgsand coyote willowSalixexigug.

Remaining woody vegetation in burned sites consisted of cottonwood, peachlé&aiyaind
green ashKraxinus pennsylvanigaDespite these differences, it appears herbaceous

AP 3 3]}v }u%}*]8]}v ]* E }A E]JvVP 8} pv pEVv E ( E v ]38 ¢
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Table 1.Summary statistics from line point intercept survey collected from Coal Creek riparian area
during summer 2022 sampling.
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Figure 27 Line point intercept species composition for both burned and unburned transects alahg Co
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 fvegetation plots analyzed by FQA analysis showed similar results (Table 2)
though burned and unburned areas were not statistically differenefoy metric P> 0.05;
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analyzed with an ANOVA). This likely reflects the recovery of herbaceous \@yéiahe plots
between sites. Ash cover and severity were also estimated within each veget&itoSeverity
was estimated based on ash color, where black and brown ash were conslidersdverity,
grey ash considered moderate, and white ash considered severe. Approximately 72% of
vegetation plots had ash cover, with 27% being considered high severiti&adonsidered
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).

Unburned (N = 6) Burned (N = 8)
Mean S.D. Min Max Mean S.D. Min Max
Total species richness 11 3 7 14 15 6 7
Native species richness 5 2 2 6 6 3 3
Non-native species richness 6 2 2 8 7 3 4
% Native species 45 14 29 71 47 11 27
% Non-native species 55 14 29 71 53 11 38

BURN SEVERITY

None, 5%

High, 27%

Low, 27%

Mid, 18%

Figure 28 (Left) Soil data collected in #iwegetation plots indicating none, low, medium or high burn
severity based on ash cover and color. (Right) Example offaségatation plot used to collect data for
the FQA analysis in a burned site along Coal Creek. Note the minimal vegetation and hydrepihalbi
this site. Photo credit: Jordan Swenson and Cat Mcintyre (Boulder OSMP).
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Belt surveys measured the number of dead and alive trees and shrelbsuBseys were 20m
wide by 6-40m long, depending on the length of the riparian transece shiub strata was
heavily impacted within the burn sites where less then 200 woody speees counted
compared to more than 1000 counted individuals in unburned transeas Z8). Woody
species observed in upstream unburned belt transects but missing in burned tramselade
Z} Z BNEEpvpe Al@P]w] VE AJodFA]vd GEI}E] v %opuU ov}A E E(
LACU%ZIE] E%}leel Jv vVAID][*ZE} A}l «AZ] Z A E o0} 00 % E * V8
T1iT « U%o0]vP Jv §Z]e & ~&]JPUE 1iiX

Figure 29 Count of woody species strata composition in burned and unburned?2glntransects. The
shrub strata in the burned transects was heavily impacted by the fire relative to unburned shrub strata.
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2012 Vegetation Assessment Pre-Fire

500
400
300
200
100

2022 Vegetation Assessment Burned Area

350
300
250
200
150
100

50

Hawthorn Peachleaf Green Ash ~ Coyote Willow Plains Narrowleaf Leadplant
Willow Cottonwood  Cottonwood

Figure 30. Woody species composition from 2012 compared to 2022 surveys in both burned and
unburned sites along Coal Creek after the Marshall Fire.
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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 along3Zeak in this study

location, which makes it difficult to capture all the impacts taripn vegetation. Regardless,

Boulder OSMP was able to identify priority locations for restoration wivies implemented in

May of 2023 (Fig. 32). Restoration included weed management, planting amatekr 995

native shrubs, and seeding with a native riparian seed mix in areas ahkegsity fire that

created hydrophobic soils. While it is important to measure differenedaden burned and

unburned sites, it is also a priority to track individual sites througe tio understand how

riparian sites recover. This first year of data collection provides a baseliheviosites will

respond into the future. Boulder OSMP will continue to monitor thel Coaek riparian area
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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 Marskak had significant negative
effects to the BMI and riparian vegetation communities with onlg gear of data, it is clear
that there were some differences between reference and impacted siest notably a shift in
BMI community composition downstream of impacted sites that suggest water quality isnpac
and an increase in nonnative plant species, bareground, and hydropsmitsdn riparian areas.
From separate conversations with David Hirt (Plant Ecologist with Bouldetyd®0S) and
Brian Anacker (Senior Policy Advisor with Boulder OSMP), we learnetiehgtland grassland
communities were relatively resilient to the fire. There was more baregroundesslitter in
burned areas compared to unburned areas but species composition remaingarsimi
Additonally, previous monitoring by The Watershed Center assessing other inmpaotsSt.
Vrain Basin (e.g., Calwood and Left Hand Fires, Apple Valley tanker spill, imjpacts),
revealed that while there were initially negative impacts to vegetation comnes)iBMI
communities, and water quality, most metrics continue to rapidlyrione as time goes on
(seen in months (Apple Valley tanker spill) to three years (fire impacts)Matshall Fire
burned with mixed intensity (low intensity in the upland grasslandshaglder intensity in the
riparian and urban developed areas), so targeted restoration of the most impacted ai# be
necessary. With restoration efforts, supported by continued monitorirgyane 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 contmaeitor
impacts to the BMI community and riparian and upland grassland communitperiasft long-
term and Marshall Fire-specific monitoring programs.

6. Future reporting

As outlined in theAdaptive Management PlaiThe Watershed Center will report on St. Vrain
Basin-wide conditions ifull State of the Watershed reports approximately every five years.
Interim State of the Watershed reports will be released in years in betweérefubrts. The
schedule and content of interim reports are deliberately flexiblaseess priorities identified
by partners as they come up. For 2024, The Watershed Center is tentativeiyngjam
reporting on 1) a final assessment of impacts of the Calwood and Left HasdFiupland
forest vegetation and 2) the state of the grasslands, especially as they relatniaging fire.
Although it may not be shared in a report annually, data collected byMdtershed Center is
analyzed annually so that any identified issues may be immediatelydhatie partners.
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