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1. INTRODUCTION 

Part of the mission of the Lefthand Watershed Oversight Group (LWOG) is to assess the quality of the 

watershed (http://lwog.org/about/780-2/).  This aspect of LWOG’s mission is supported by the first of 

LWOG’s four goals:  To assess and monitor conditions in the watershed, in order to identify, prioritize, 

and facilitate the remediation of threats to water quality and watershed health 

(http://lwog.org/about/780-2/).  Monitoring is also essential in order to assess and document the 

effectiveness of projects designed to improve watershed health.   

During 2016 LWOG’s programs expanded in scope and number, with increasing emphasis on long-term 

stream restoration following the 2013 flood, and continued interest in mitigating the impacts of acid 

mine runoff.  Accordingly, LWOG’s monitoring activities have evolved and expanded.  During 2016 

several monitoring components were added to help document the effectiveness of stream restoration 

projects.  As these restoration projects are getting under way during 2016 and 2017, most of the 

monitoring effort related to restoration focused on establishing protocols and documenting pre-project 

conditions.  Also during 2016 LWOG continued its program of water quality monitoring that has been 

underway since 2006, mostly aimed at assessing the impact of acid mine runoff.  This report summarizes 

the monitoring undertaken by LWOG during 2016, including brief descriptions of the types of monitoring 

undertaken, locations of monitoring efforts, methods used, and, where available, results.  The section 

on water quality monitoring builds on the information presented in the February 2016 Status Report on 

Water Quality Monitoring (http://lwog.org/document/2016-water-quality-report/). 

To date most of the monitoring for water quality has taken place in the mountain reaches of the 

watershed, as those reaches have been most impacted by mine drainage (Figure 1).  Most of the 

monitoring for stream restoration, added during 2016, has taken place in the plains reaches, as most of 

the stream restoration projects under LWOG’s direction are in these reaches.     
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Figure 1.  Left Hand Creek Watershed, showing demarcation between mountain and plains reaches.  

(Base map courtesy of AMEC.) 

2. PHOTO MONITORING 

LWOG’s stream restoration projects involve activities such as reshaping the stream channel, banks, 

and/or flood plain; adding natural materials designed to enhance channel stability; creating drop 

structures to dissipate stream energy and add diversity to aquatic habitat; and revegetation of the flood 

plain.  An important component of monitoring the progress and effectiveness of these projects is a 

visual record over time, provided by repeat photography from designated photo points (Oregon 

Watershed Enhancement Board, 2007, OWEB Guide to Photo Point Monitoring,  

https://www.oregon.gov/OWEB/docs/pubs/photopoint_monitoring_doc_july2007.pdf).  

During April, late November and early December 2016 LWOG staff, with help from volunteer Brian 

Sechler, established photo points covering eight stream restoration reaches in the plains and one on 

upper Left Hand Creek (Figure 2).   

Photo points were established with sufficient spatial continuity to cover most of the areas where 

significant work and/or revegetation will be done.  Photo points were located at or close to clearly 

identifiable landmarks, or to trees marked with blue ribbon.  Photos of the photo points were taken to 

document their locations (Figure 3).  During 2017 the locations of the photo points will be checked using 

a GPS unit. 
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Once a photo point was established, photos were taken in all directions likely to be affected by 

restoration work.  The direction or azimuth, relative to Magnetic North, of each photo was determined 

using a compass (Figure 4). 

 

Examples of repeat photography showing changes over a 6-month period, including revegetation using 

tree cuttings, are shown in Figure 5. 

In all, 65 photo monitoring points were established in the eight reaches, and 235 photos were taken.  

Nearly all of the photos were in the first set for each reach, and represent initial, pre-restoration 

conditions.  At the Germann property, where photo monitoring was initiated during April 2016, three 

sets of photos were taken during 2016 to help document changes in vegetation.  The photos, along with 

simple spreadsheets documenting the locations of the photo points and directions of the photos, are 

housed on LWOG’s server. 

 

 

Figure 2.  Reaches with photo monitoring points established during 2016. 
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Figure 3.  Example of photo documenting the location of a photo point.   
 

 

 
Figure 4.  Example of photo taken from photo point. 
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Figure 5.  Photos taken 4/8/16 (top) and 10/24/16 (bottom) from P. Point 4 at the Germann property. 
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3. GEOMORPHIC MONITORING 

Geomorphic monitoring documents the geometry of the channel and banks, the size distribution of 

streambed particles, and visual aspects of the channel, banks, and flood plain.  This information helps to 

provide a record of changes in channel geometry during the restoration project, as well as locations of 

net erosion and deposition.  It also helps to determine channel condition and the likelihood for future 

erosion and deposition. 

During 2016 LWOG developed a draft protocol for geomorphic monitoring and implemented the 

protocol at a site where restoration work, in the form of revegetation, took place during 2016:  the 

Germann property (Figure 2).  Monitoring included establishment of a cross-section where repeated 

monitoring will occur, and measurement of channel geometry along the cross-section (Figures 6, 7).   

Monitoring also included a pebble count, in which the median diameters of 100 streambed particles 

selected at regular grid points along, upstream, and downstream of the cross-section were measured 

(Figures 8-10). 

An additional component of LWOG’s geomorphic monitoring is implementation of the Stream Visual 

Assessment Protocol, version 2 (SVAP2), developed by the U.S. Natural Resources Conservation Service 

(https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd403210&ext=pdf).  

This rapid-assessment protocol for visually assessing the condition of the channel, banks, and flood plain 

helps to qualitatively evaluate the condition of aquatic ecosystems associated with wadeable streams.  

During 2016 LWOG worked with the Technical Advisory Team established by the Colorado Water 

Conservation Board to begin implementation of SVAP2 on reaches with planned restoration projects 

(Figure 2).   The protocol was implemented on the 41st Street, Ranch, and Streamcrest reaches (Figure 

11). 

During 2017 the geomorphic monitoring protocol will be finalized and implemented on additional 

stream restoration reaches. 
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Figure 6.  Geomorphic cross-section established at the Germann property in April 2016. 

 

Figure 7.  Channel cross-section at Germann property, 4-8-16. 
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Figure 8.  Conducting pebble count along cross-section at Germann property, 4/8/16. 
 

 
Figure 9.  Measuring median diameter of pebble, 4/8/16. 
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Figure 10.  Size distribution of streambed particles, Germann property, 4/8/16. 
 
 

 
Figure 11.  Conducting SVAP2 with a landowner on the 41st Street Reach, 12/14/16. 
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4. BENTHIC MACRO INVERTABRATE SAMPLING 

The community of benthic macro-invertebrates (BMI) that inhabit the stream bottom is a significant 

indicator of the health of the aquatic habitat in the stream.  Indices reflecting the abundance and 

diversity of these organisms serve as an important component of overall stream monitoring.  During 

2016 LWOG contracted with Timberline Aquatics, Inc. to conduct BMI sampling at 12 sites along Left 

Hand Creek and James Creek.  Sites included stream restoration reaches, reference reaches, and several 

water-quality sampling sites (Table 1).  This sampling took place on 11/10/16 (figure 12). 

Table 1.  Benthic macro-invertebrate sampling locations, 11/10/16. 

LWOG Benthic Invertebrate Sampling Sites  

   

Number Location Project Reach 

1 LH Creek ds of 81st St. 81st St. Bridge 

2 LH Creek ds of 63rd St. 63rd St. Bridge 

3 LH Creek us of Haystack Golf 

Course 

Haystack 

4 LH Creek ds of 41st St. 41st St. Bridge 

5 LH Creek us of Geer Canyon Upper Streamcrest 

6 LH Creek at "Homeland", Rowena Upper Left Hand 

7 LH Creek at Ranch Ranch 

8 LH Creek at Forest Service 

meadow 

Ecological reference reach 

9 LH Creek in California Gulch Below Superfund site 

10 LH Creek at Peak to Peak Hwy Background, above Superfund 

site 

11 James Creek at Harms property Lower James Creek 

12 James Creek at Jamestown P.O.  Upper James Creek  

 

David Rees of Timberline Aquatics conducted the field sampling, while training LWOG staff in the 

protocol. In addition, Mr. Rees, identified all samples and produced a report (Appendix A).  In general, 

based on observations during the sampling, Mr. Rees commented that most sites sampled had abundant 

and diverse benthic communities.  The site on Left Hand Creek in California Gulch (River Watch site 565) 

had very few invertebrates, reflecting the influence of the Captain Jack Superfund site, an abandoned 

mine site, just upstream.  The background site on Left Hand Creek upstream of the Superfund site (River 

Watch site 564), on the other hand, had a healthy benthic community, including species known to be 

sensitive to metals contamination.   
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Figure 12.  Benthic macro-invertebrate sampling on 81st St. reach, 11/10/16. 

 

5. WATER QUALITY SAMPLING 

Part of the mission of the Lefthand Watershed Oversight Group (LWOG) is to assess the quality of the 

Left Hand Creek Watershed, including its perennial tributaries, James Creek and Little James Creek.  A 

primary factor that led to the founding of LWOG in 2003 was concern regarding impacts of acid mine 

drainage and metals contamination from abandoned mining sites in the mountainous part of the 

watershed.  The primary means by which LWOG carries out this part of its mission is through 

participation in the Colorado Department of Parks and Wildlife River Watch citizen volunteer monitoring 

program, http://www.coloradoriverwatch.org/).  The River Watch program provides training, quality 

assurance, supplies and equipment for sampling and selected analyses, and analytical services for 

metals. 

In addition to River Watch sampling, LWOG takes occasional samples at the Rowena Spring along Left 

Hand Creek, for bacteria, and at 81st Street, for hardness. 

In 2015 The Colorado Department of Public Health and Environment developed a TMDL assessment for 

the Left Hand Creek Watershed.  For a discussion of this TMDL assessment, please refer to LWOG’s 

February 2016 Water Quality Monitoring Report (http://lwog.org/document/2016-water-quality-

report/).  In general, the TMDL reflects results of LWOG River Watch sampling, which indicates 
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occasional to frequent violations of Colorado aquatic life stream water quality standards at some 

locations along Left Hand Creek and Little James Creek for pH, cadmium, copper, lead, and zinc.   

LWOG samples at 10 River Watch sampling sites along the mountainous reaches of Left Hand Creek, 

James Creek, and Little James Creek.  One of those sites, #577, is not on a stream, but is the drainage 

from the Yellow Girl Adit just above Jamestown, close to Little James Creek.  This site is sampled less 

frequently than the others and is indicated as “inactive” in the map in Figure 13.  In addition to the 

LWOG sites, the James Creek Watershed Initiative samples James Creek at 5 active sites.  Data for one of 

those sites, #583 James Creek at Cushman-Bar K, are included in this report to show typical values for 

this reach. 

 

Figure 13.  River Watch sampling sites along Left Hand Creek, James Creek, and Little James Creek in the 

mountain reaches. 

During 2016 LWOG conducted River Watch sampling and monitoring four times, on April 10, May 22, 

June 13, and August 28.   
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A. pH 
 

Values for pH showed slightly decreasing trends over the entire period 2006-16 at all stream sites 

(Figure 14). The only site with a level trend in pH is the Yellow Girl Adit, which drains to Little James 

Creek. During recent years, pH values at all LWOG sites, even the background sites on Left Hand 

Creek and Little James Creek, occasionally or frequently fell below the lower limit for chronic aquatic 

life standards, 6.5 standard units (dashed black lines in Figure 14).  During 2016 pH values at nearly 

all sites were slightly higher than in 2015.  Comparison of the updated pH plots in Figure 14 

with the pH plots in the February 2016 Water Quality Report suggests that the period 2013-16 

appears to be characterized by slightly increasing trends in pH.    This further suggests that the 

2013 flood did not result in greater acidity in the creeks, and that the mine site mitigation projects 

that have been implemented in recent years might be having a beneficial effect on pH.   
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B. METALS 
As of January 2017 the metals data for 2016 have not yet been incorporated into the River Watch data 

base and are hence not yet available.  The analysis of metals data presented here is a brief summary 

of the analysis that was presented in LWOG’s February 2016 Water Quality Monitoring Report, which 

was based on River Watch data collected during 2006-15.  For greater detail, including graphs, the 

reader is directed to the February 2016 report:  (http://lwog.org/document/2016-water-quality-

report/). 

 

Concentrations of dissolved cadmium were near or below detection limits in nearly all samples from 

Left Hand Creek. In recent years, the only site on Left Hand Creek with dissolved cadmium 

approaching the aquatic life standard was the site in California Gulch, just downstream of the 

Superfund site. Trends in recent years have been slightly downward.  In James Creek, just upstream of 

Left Hand Creek (figure 6), dissolved cadmium concentrations were near or below detection limits 

since 2011 or earlier. However, all sites on Little James Creek, including the site upstream of Burlington 

that was thought to represent background conditions, had concentrations of dissolved cadmium in 

excess of the aquatic life standards. As with Left Hand and James Creeks, the cadmium concentrations 

were trending slightly downward. 

 

In Left Hand Creek, dissolved copper was absent from the background site at the Peak to Peak 

Highway, but present at all other sites. The site on Left Hand Creek with the most significant 

exceedances of aquatic life standards was the site in California Gulch, but the other sites on Left Hand 

Creek also had some exceedances. Trends were slightly downward.  In James Creek, dissolved copper 

was, since 2011, present but below aquatic life standards at the site above Left Hand Creek.  All sites 

on Little James Creek, including the site upstream of Burlington, had dissolved copper concentrations 

in excess of aquatic life standards. Trends at all sites are slightly downward in recent years. 

 

In Left Hand Creek, dissolved lead has not been detected above the detection limit at any site since 

2008.  In James Creek, dissolved lead was below detection limits at the site just above the confluence 

with Left Hand Creek.  All sites on Little James Creek, including the site upstream of Burlington, had 

dissolved lead concentrations in excess of aquatic life standards. Trends at all sites where lead 

occurred were downward in recent years. 

 

Zinc is fairly ubiquitous in the mining-impacted parts of Left Hand Creek Watershed. In Left Hand 

Creek, concentrations of dissolved zinc were lowest, often below the detection limit, at the 

background site at Peak to Peak Highway. By contrast, at the site in California Gulch just below the 

Superfund site, dissolved lead was usually above the aquatic life standard. At the three sites farther 

downstream on Left Hand Creek, dissolved lead was usually present, but not quite above the aquatic 

life standard.  Trends are downward in recent years. On James Creek just above the confluence with 

Left Hand Creek, concentrations of dissolved zinc were above the detection limit but below the 

aquatic life standard. Trends were downward.  On Little James Creek, as with cadmium, copper and 
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lead, concentrations of dissolved zinc were consistently above aquatic life standards at all sites 

including the one upstream of Burlington. Trends in recent years were slightly downward. 

 

C. NUTRIENTS AND OTHER PARAMETERS  
 

For this report River Watch provided data on nutrients, chloride, and suspended solids that were not 

presented in the February 2016 report.  Parameters included ammonia, nitrate-nitrogen, sulfate, total 

phosphorus, chloride, and suspended solids.  Under the River Watch protocol, these parameters are 

sampled two times per year at two or three sites.   

 

The maximum concentration of ammonia detected in the 40 samples from Left Hand Creek Watershed 

during 2010-16 was 0.16 mg/L, at the site in California Gulch, downstream from the Superfund site, in 

2013.  The other samples ranged from 0 to 0.12 mg/L.  These values are all well below the applicable 

acute and chronic aquatic life standards for streams with salmonids and early life stages of fish.  The 

most stringent of these standards is 5 mg/L (http://colowqforum.org/pdfs/ammonia-

standards/documents/Ammonia%20FAQs.pdf).   

 

The maximum concentration of nitrate-nitrogen detected in the 40 samples was 0.309 mg/L, in Left 

Hand Creek just above James Creek, in 2015.  The other samples ranged from 0 to 0.284 mg/L.  These 

values are all well below the applicable standard of 10 mg/L, which is based on consideration of both 

drinking water and aquatic life (http://bcn.boulder.co.us/basin/data/info/stndtbl.html). 

 

For sulfate, two of the 40 samples had concentrations in excess of EPA’s short-term sulfate standard of 

500 mg/L, based on consideration of drinking water.  Four of the samples had concentrations in excess 

of 250 mg/L, which is Colorado’s 30-day standard, also based on consideration of drinking water.  We do 

not know if any of these excessive concentrations persisted for as much as 30 days, but all of the sites 

with concentrations above 250 mg/L also had concentrations lower than 50 mg/L.  Locations of the 

samples with sulfate in excess of 250 mg/L included Little James Creek upstream of Burlington and 

upstream of Porphyry, James Creek above Left Hand Creek, and Left Hand Creek at the Haldi intake (303 

mg/L in 2010).  Trends in concentration of sulfate were downward here and at five other sites, and 

upward at three sites.   

 

The maximum concentration of total phosphorus was 0.0547 mg/L, in Left Hand Creek at the Haldi 

Intake, in 2015.  Other values ranged from 0 to 0.05 mg/L.  These values are below the Federal 

standard of 0.1 mg/L for streams, but the higher values are close to or slightly above the Federal 

standard of 0.05 mg/L for streams that enter lakes 

(http://www.water.ncsu.edu/watershedss/info/phos.html).  This suggests that phosphorus could be a 

potential concern as a contributor to eutrophication in reservoirs that are filled with water from Left 

Hand Creek.   
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The maximum concentration of total suspended solids (TSS) in the 40 samples was 43.5 mg/L, in Little 

James Creek above Yellow Girl, in April 2015 during spring runoff.  It is well known that creeks in the 

watershed occasionally have higher concentrations of suspended solids for brief periods, following 

rainstorms or construction activity.  Therefore the measured value of 43.5 mg/L should not be taken 

as representative of the highest TSS concentrations that occur.  Most of the measured values were 

below 10 mg/L, indicating that the creeks in the watershed normally carry water that is relatively free 

of suspended sediment.   

 

6. NEXT STEPS 

LWOG is developing a comprehensive monitoring plan to provide guidance on the monitoring 

activities described above, plus additional monitoring that will be added in the near future.  The plan 

will include short-term activities such as using a global positioning system (GPS) to determine precise 

coordinates for all monitoring sites, and completing the Stream Visual Assessment Protocol, Version 2 

implementation on remaining restoration reaches.  The plan will also include addition of longer-term 

monitoring activities such as detailed vegetation monitoring for revegetated areas, a repeat study to 

determine metals loading to various reaches in the watershed, expansion of River Watch monitoring 

into the plains reaches, developing partnerships with local schools and with landowners for certain 

monitoring activities, and an annual overall watershed assessment to determine overall watershed 

condition and identify new priorities for stream restoration or protection that may arise.   
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Introduction 

 

In order to assess the effects of human-induced influences on aquatic environments, it is 

often necessary to monitor the physical, chemical, and biological components of an 

aquatic system.  Benthic macroinvertebrate communities represent a valuable tool as 

biological indicators of water quality and aquatic conditions (Plafkin et al. 1989, Barbour 

et al. 1999, Paul et al. 2005).  Evolution and ecological processes have resulted in benthic 

macroinvertebrate communities with specific adaptations to their environment.  

Consequently, most benthic macroinvertebrate assemblages consist of a variety of taxa 

that have a wide range of sensitivity to environmental disturbances or pollution.  For 

these reasons, biomonitoring programs that utilize benthic macroinvertebrates have 

advantages that are not realized by physical or chemical water quality monitoring alone 

(Ward et al. 2002).   

 

The sensitivity of benthic macroinvertebrates to disturbances can exist at a structural 

(species/taxon) level and/or functional (trophic) level.  The sensitivity of each taxon in 

the community is often specific to the type of disturbance.  Most macroinvertebrate taxa 

also have a relatively long aquatic life stage and limited mobility.  These unique features 

provide an opportunity to monitor past and present influences on the aquatic environment 

at specific locations.  The results obtained by consistent sampling practices and accurate 

identifications can provide valuable information regarding aquatic conditions.  Sustained 

biological monitoring studies are often essential when trying to understand the effects of 

long-term anthropogenic influences such as population growth, urban development, and 

changes in land-use practices (Likens and Lambert 1998).   

 

The benthic macroinvertebrate assessment study on Left Hand Creek and James Creek 

was designed to provide baseline information of current conditions and to evaluate 

potential stress to aquatic life that could be attributed to anthropogenic activities in this 

drainage.  Results from data collected during the fall (10 November) of 2016 are 

presented in this report.  This evaluation represented the first year of this comprehensive 

macroinvertebrate study.  Potential impacts from anthropogenic sources in this drainage 

ranged from acid mine drainage to nutrients and road salts; however, during the fall 

(September) of 2013, Left Hand Creek and James Creek experienced a catastrophic flood 

event that not only scoured stream habitat, but also repositioned the stream channel at 

several locations.  Floods of this magnitude are expected to supersede other influences on 

aquatic life and result in the redistribution of macroinvertebrate taxa (Negishi and 

Richardson 2006, Robinson and Uehlinger 2008).  The evaluation of benthic 

macroinvertebrate communities during the fall of 2016 likely reflected an array of 

influences that included a natural progression between flood impacts and recovery, and a 

variety of ongoing anthropogenic perturbations that may have been occurring prior to 

sampling in the fall of 2016.   
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Study Area 

 

During November of 2016, a total of twelve (12) sampling stations were selected within 

this study area to evaluate aquatic conditions and assess potential impacts on aquatic life 

(Tables 1 and 2, Figure 1).  Each sampling location was designated for a specific purpose 

which included: monitoring known sources for perturbations, assessing stream reaches 

with recent habitat changes, or evaluating aquatic conditions at locations that may receive 

habitat modifications or improvements in the future.  Study sites on Left Hand Creek 

ranged in elevation from 9,245ft at Site 10 to 5,066ft at Site 1 (Table 2).  Two sites were 

also sampled on James Creek at an intermediate elevation.  This study area included 

much of Left Hand Creek from its headwaters downstream to the City of Longmont 

(Figure 1).  A variety of metrics were applied to the benthic macroinvertebrate data and 

the results for each site provided information on current aquatic conditions and locations 

with elevated levels of stress within the study area.   

 

Methods 

 

Benthic macroinvertebrate sampling was conducted using the “kick sample” method 

recommended by the Water Quality Control Division (WQCD) for the State of Colorado.  

This method requires that the substrate in an approximate 1 meter area (based on the 

width of the net opening and the length of the net handle) is disturbed for a period of 60 

seconds.  The disturbance is accomplished by “kicking” substrate to dislodge benthic 

macroinvertebrates, which are then carried by the current into a net and catch basin.  All 

macroinvertebrates were rinsed into sample jars and preserved in 70% ethanol solution.  

Each sample jar was labeled with the date, location, and sample ID number.  Samples 

were transported to the lab at Timberline Aquatics, Inc. where benthic macroinvertebrates 

were sorted, identified, and enumerated.  The sorting and identification process for 

WQCD samples was conducted using a 500-count subsampling methodology.  Benthic 

organisms were sorted from randomly selected grids in a standardized gridded tray until 

500 individual macroinvertebrates were obtained or exceeded.  After sub-sampling, a 

longer taxa list was compiled by inspecting the remainder of the sample for additional 

“large and rare” taxa not recovered during the sub-sampling process.  Any large and rare 

(L+R) taxa were picked from 100% of the sample and added to the 500-count subsample.  

Benthic macroinvertebrates were then identified to a taxonomic level that was consistent 

with the Operational Taxonomic Unit (OTU) established by the WQCD.  This level of 

identification is usually genus or species for mayflies, stoneflies, caddisflies, and many 

dipterans.  Taxa from the family Chironomidae were identified to the genus level.   

 

As part of the quality control protocols at Timberline Aquatics, Inc., all sorted 

macroinvertebrate samples were checked by an additional taxonomist, and approximately 

10% of the identified samples were sent to Colorado State University for confirmation.  

As an additional means of QA/QC, Dr. Boris Kondratieff (Professor of Entomology at 

Colorado State University) confirmed identifications in all cases where the classification 

of a species was difficult or questionable. 
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Table 1.  Site descriptions for Left Hand Creek and James Creek samples collected 

in November 2016 

Site Name Creek Name Site Description 

Site 10 Left Hand Creek at Peak to Peak Hwy 

Site 9 Left Hand Creek in California Gulch 

Site 8 Left Hand Creek at Forest Service meadow 

Site 6 Left Hand Creek at "Homeland", Rowena 

Site 5 Left Hand Creek us Geer Canyon 

Site 7 Left Hand Creek at Ranch 

Site 4 Left Hand Creek downstream of 41st St. 

Site 3 Left Hand Creek upstream of Haystack Golf Course 

Site 2 Left Hand Creek upstream of 63rd St. 

Site 1 Left Hand Creek downstream of 81st St. 

Site 12 James Creek at Jamestown P.O. 

Site 11 James Creek at Harms Property 

 

 

Table 2.  UTM coordinates and elevations of sample sites on Left Hand Creek and 

James Creek. 

 Zone & Easting Northing Elevation 

Site 10 13T 455932m 4435577m 9245ft 

Site 9 13T 456898m 4434325m 8629ft 

Site 8 13T 462068m 4435362m 7799ft 

Site 6 13T 467765m 4436805m 6962ft 

Site 5 13T 474902m 4442479m 5663ft 

Site 7 13T 476626m 4441891m 5541ft 

Site 4 13T 477853m 4440729m 5433ft 

Site 3 13T 480385m 4439464m 5285ft 

Site 2 13T 482314m 4439668m 5194ft 

Site 1 13T 486113m 4441005m 5066ft 

Site 12 13T 466851m 4440635m 7018ft 

Site 11 13T 469579m 4439983m 6614ft 
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Figure 1.  Maps of study sites used for the Left Hand Creek and James Creek 

Biomonitoring Study on 10 November 2016.  Maps were created with TOPO! © 

National Geographic Maps. 
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Species lists were developed for each sampling site in the study area, and data were used 

in various indices (metrics) to provide information regarding aquatic conditions.  Metrics 

were selected based on WQCD guidelines, recommendations provided by the 

Environmental Protection Agency (Barbour et al. 1999), and professional discretion 

based on recent biomonitoring studies in similar habitat/geographical areas.  A 

comparison of metric values obtained from each site was used to provide information 

regarding the nature of disturbances and level of impact.  Analysis of biomonitoring data 

assisted in the detection of stress to aquatic life; however, this type of monitoring does 

not necessarily identify the cause of impacts.  The following sections provide a 

description of analysis tools used in this study. 

 

Analysis using CDPHE Protocols 

 

In the fall of 2010, the WQCD published specific guidelines for benthic 

macroinvertebrate sampling and analysis to assist in the evaluation of aquatic life in the 

State of Colorado (Colorado Department of Public Health and Environment 2010).  

These guidelines described protocols for the analysis of benthic macroinvertebrate data 

using a Multi-Metric Index (MMI) developed specifically for Colorado streams.  In the 

Left Hand Creek monitoring study, the MMI was applied to semi-quantitative “kick 

samples” collected from Left Hand Creek and James Creek on November 10, 2016.  The 

following section provides a brief description of the MMI analysis method.   

 

The MMI provides a single index score based on five or six equally weighted metrics.  The 

group of metrics used in MMI calculations is dependent on the location of the sampling site 

and corresponding Biotype (Mountains, Transitional, or Plains habitat).  Each of the metrics 

used in the MMI produces a value that is adjusted to a scale from 1 to 100 based on the 

range of metric scores found at “reference sites” in the State of Colorado.   

 

The study area for Left Hand Creek and James Creek was located within both Biotype 2 

(the Mountain Zone) and Biotype 1 (the Transition Zone).  The thresholds for MMI 

scores that determine attainment or impairment for aquatic life use in Biotypes 2 and 1 

are as follows: 

 

Biotype Attainment Threshold Impairment Threshold 

 

Mountains (Biotype 2) 

 

50 

 

42 

Transition (Biotype 1) 52 42 

   

 

Metric scores that fall between the thresholds for attainment and impairment require 

further evaluation using additional metrics in order to determine an aquatic life use 

designation.  The additional metrics include the Shannon Diversity (Diversity) and 
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Hilsenhoff Biotic Index (HBI).  Thresholds determined by the WQCD for these metrics 

are as follows: 

 

Biotype HBI Diversity 

 

Mountains (Biotype 2) 

 

5.1 

 

3.0 

Transition (Biotype 1) 5.4 2.4 

 

The specific metrics used in the MMI are dependent on site location and corresponding 

Biotype.  Metrics used for Biotype 2 include: Total Taxa, Predator/Shredder Taxa, Clinger 

Taxa, Ephemeroptera Taxa, and Beck’s Biotic Index. The metrics used for Biotype 1 

include: Ephemeroptera/Plecoptera Taxa (adjusted for elevation), Percent Chironomidae, 

Sensitive Plains Families, Predator/Shredder Taxa, Clinger Taxa (adjusted for elevation), 

and Percent Non-Insect Taxa.  These metrics were employed at each appropriate study site 

to assist in data analysis.  The CDPHE does not provide information regarding the 

mechanisms or types of stressors that influence individual metrics; however, the following 

section provides a limited description of each metric based on a literature review 

conducted by Timberline Aquatics, Inc. 

 

Biotype 2 Metrics 

 

Total Taxa:  The Total Taxa metric is a measure of all distinguishable taxa collected at 

each study site.  This metric is widely used to evaluate stream health, and it has been 

found to be sensitive to a variety of perturbations (Courtemanch 1996).  Total taxa values 

are expected to decrease with increased stress in the aquatic environment (Resh and 

Jackson 1993). 

 

Predator/Shredder Taxa:  This biotic metric is based on the classification of benthic 

macroinvertebrates into functional feeding groups.  Predators primarily rely on living 

animal tissue for food (often other aquatic insects) while shredders feed on coarse 

particulate organic matter (CPOM), often in the form of leaf packs (Merritt et al. 2008).  

The WQCD has recommended that the number of taxa from both of these feeding groups 

be used as indicators of stress.  The number of predator and shredder taxa is expected to 

decrease in response to stressed aquatic conditions.   

 

Although there has been some research suggesting that predator and shredder taxa are 

sensitive to environmental perturbations, there has also been some debate over the 

accuracy of functional feeding group metrics in multi-metric indices.  The food source for 

shredders (CPOM) may contain toxins from the surrounding terrestrial environment; 

which, if found in high enough concentrations, can produce a negative impact on 

shredder richness and abundance.  However, it has also been suggested that physical 

parameters such as stream size and canopy cover can influence shredder taxa richness 

and abundance, making the detection of human influences more difficult (Kerans and 

Karr 1994).  Although the relationship between predators and stressors is less clear, 
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Kerans and Karr (1994) found that predator taxa in certain streams may be important 

indicators of changes in nutrient levels.  While the metrics that utilize functional feeding 

groups may provide information not readily obtainable from other taxonomic metrics, 

these measures have also been found to produce variable responses when used in 

different ecoregions (Rawlier-Jost et al. 2000). 

 

Clinger Taxa:  The Clinger Taxa metric is the only habit/mode of locomotion metric 

included in the MMI calculation for a Biotype 2 stream.  Clinger Taxa are benthic 

macroinvertebrates having behavioral and/or morphological adaptations that allow them 

to attach or “cling” to substrate surfaces, often in riffle habitat (Merritt et al. 2008).  

Clingers typically require clean substrate surfaces for attachment and are therefore 

influenced by stressors that result in habitat alterations.  Clingers have often been used to 

evaluate the impacts from sedimentation because the deposition of fine sediment reduces 

the availability of their preferred habitat (Hughes and Brossett 2009).  The Clinger Taxa 

metric may also respond negatively to increases in algal growth (which alters potential 

points of attachment) and rapid changes in discharge (because they are typically poor 

swimmers).   

 

Percent Ephemeroptera Taxa:  This metric is a measure of the percent 

composition of mayflies within the entire sample.  Ephemeroptera taxa are 

considered relatively sensitive to a variety of anthropogenic disturbances and are 

consequently good indicators of stress to the aquatic environment (Lenat 1988).  

The Percent Ephemeroptera Taxa metric is expected to decrease in response to 

increasing stress. 

 

Beck’s Biotic Index:  Beck (1955) determined that the benthic macroinvertebrate 

community structure will predictably shift in response to perturbations to the 

aquatic environment.  The Beck’s Biotic Index relies on the classification of 

macroinvertebrates into three major groups:  Class 1 organisms are intolerant or 

sensitive to pollution; Class 2 organisms are facultative or can survive a variety of 

conditions; and Class 3 are pollution-tolerant.  A healthy benthic community will 

consist mostly of Class 1 and Class 2 organisms; however, there may be a few 

specimens representing Class 3.  If a community is dominated by tolerant organisms 

(Class 3), then the stream is considered adversely affected by pollution.  This metric 

can be relatively sensitive to nutrient enrichment (Terrell and Perfetti 1996).   

 

Biotype 1 Metrics 

 

Percent Non-Insect Taxa:  The Percent Non-Insect Taxa metric relies on community 

richness for the detection of perturbations.  When using metrics that rely on community 

richness, it is important that specimens are identified to a consistent taxonomic level in 

order to obtain comparable results among sites (Resh and Jackson 1993).  Since many 

insect taxa are thought to be relatively sensitive to perturbations, the Percent Non-Insect 

Taxa value is expected to increase in response to impacts from various types of stress.  
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As with all metrics used in the MMI, the final score has been adjusted to a scale of 0.0 to 

100.0, where lower scores indicate greater levels of stress. 

 

EP Taxa:  Another metric that relies on community richness is the EP Taxa metric.  This 

metric uses components (Ephemeroptera and Plecoptera) of the EPT metric, which is 

widely accepted as a good indicator of overall benthic community health (Resh and 

Jackson 1993).  The “intolerant” classification of the three EPT orders was suggested in 

1983 and was later confirmed in 1988 (Lenat 1988).  Some research has suggested the 

Plecoptera component may be most important because many of these taxa are among the 

most sensitive to human disturbance (Fore et al. 1996), but Eaton and Lenat (1991) 

recommend using all components of the EPT metric to avoid restrictions in its 

applicability.  The WQCD has opted to use only two of the EPT components 

(Ephemeroptera and Plecoptera) and has adjusted the metric for elevation when 

evaluating Colorado streams in Biotype 1.   

 

Percent Chironomidae:  Chironomidae taxa are considered fairly tolerant of 

environmental stress compared to other aquatic insect families (Plafkin et al. 1989).  The 

Percent Chironomidae metric relies on the assumption that Chironomidae density will 

increase with decreasing water quality.  Streams that are undisturbed often have a 

relatively even distribution of Ephemeroptera, Plecoptera, Trichoptera, and 

Chironomidae (Mandaville 2002); while sites degraded by metals or other pollutants are 

often dominated by the Chironomidae family (Barton and Metcalfe-Smith 1992).  One 

ecological reason why this group is used as an indicator of environmental stress involves 

the Chironomidae life cycle.  Most species of Chironomidae tend to have a relatively 

short life cycle which enables them to continually re-colonize unstable or polluted 

habitats (Lenat 1983).   

 

There is some debate regarding the consistency of the Chironomidae family as indicators 

of stress.  Severe pollution has been found to cause a decrease in Chironomidae 

abundance (Lenat 1983), and there are detectable differences in tolerance to stress at the 

genus or species level.  For these reasons, Rabeni and Wang (2001) have suggested that 

the Chironomidae group can be removed from some bioassessment evaluations without 

risking a loss of sensitivity.   

 

Percent Sensitive Plains Families:  This metric has not been commonly used in benthic 

macroinvertebrate bioassessment studies because it was specifically designed for 

Colorado streams by the WQCD.  Macroinvertebrate data from “plains” streams were 

evaluated to determine the presence and absence of taxa that may be influenced by 

disturbance from human activity.  It is assumed that sensitive families include taxa that 

are intolerant to perturbations occurring in the Colorado plains and transition zone 

ecosystems.  There is little evidence to support the accuracy of this metric, particularly 

when it is applied to high elevations in the transition zone (Biotype 1).  It is likely that 

this metric becomes negatively biased at higher elevations. 
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Predator/Shredder Taxa:  This is the same metric that was applied to the MMI in 

Biotype 2.  It is a measurement of the number of taxa in the Predator and Shredder 

functional feeding groups.  A description of the Predator/Shredder Taxa metric can be 

found in the previous section describing metrics used in Biotype 2.  The number of 

predator and shredder taxa is expected to decrease in response to stressed aquatic 

conditions.   

 

Clinger Taxa:  The Clinger Taxa metric was also used in the MMI for Biotype 2.  A 

more detailed description of this metric can be found in the previous section.  The 

number of clinger taxa is expected to decrease in response to stress or changes in habitat.   

 

 

Additional Metrics 

 

Shannon Diversity (Diversity):  Diversity values were used to detect changes in 

macroinvertebrate community structure that could be caused by a variety of disturbances.  

This metric is also one of the auxiliary metrics used to provide additional analysis of 

MMI scores.  In unpolluted waters, Diversity values typically range from near 3.0 to 4.0.  

In polluted waters, this value is generally less than 1.0 (Ward et al. 2002).   

 

Hilsenhoff Biotic Index (HBI):  The HBI was also one of the auxiliary metrics used for 

additional analysis of MMI data.  Most of its value lies in detection of nutrient 

enrichment, but it is also used to evaluate aquatic conditions in a variety of other 

circumstances.  The HBI was originally developed using macroinvertebrate taxa from 

streams in Wisconsin; therefore, it often requires regional modifications (Hilsenhoff 

1988).  Although values indicating a certain water quality rating may vary among 

regions, a comparison of values produced within the same system should provide 

information regarding sites with impacts from nutrient enrichment or other stressors.  

Values for the HBI range from 0.0 to 10.0, and increase as water quality decreases. 

 

EPT Taxa:  The Ephemeroptera, Plecoptera, Trichoptera (EPT) index was also 

employed to assist in the analysis of macroinvertebrate data.  This metric provides a 

direct measure of taxa richness among species that are typically considered pollution 

sensitive and it has been recommended for most regions of the country (Barbour et al. 

1999).  The EPT value is simply given as the total number of distinguishable taxa in the 

orders Ephemeroptera, Plecoptera, and Trichoptera found at each site.  This number will 

naturally vary among river systems, but it can be a good indicator of disturbance within a 

specific drainage. 

 

Percent EPT:  This metric is similar to the EPT Taxa metric; however, the Percent EPT 

value is expressed as the percent composition of mayflies, stoneflies, and caddisflies in 

the sample rather than the total number of taxa.  A greater percent composition of these 

orders is expected when levels of stress in the aquatic environment are low or not 

detectable.   
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Taxa Richness:  Taxa Richness (or Total Taxa) is another metric often used to provide 

an indication of habitat adequacy and general water quality.  Taxa Richness, or the total 

spectrum of taxa groups present at a given site, will generally decrease in response to 

decreasing water quality or habitat degradation (Weber 1973).  The Taxa Richness 

measurement is reported as the total number of identifiable taxa collected from each 

sampling location.  It is similar to the EPT index, except that it includes all aquatic 

macroinvertebrate taxa (including those thought to be tolerant to disturbance).   

 

Percent Heptageniidae:  A review of benthic macroinvertebrate taxa in the State of 

Colorado found that the mayfly family Heptageniidae was highly sensitive to heavy metal 

pollution (Clements et al. 2000).  Due to widespread impacts from mining in Colorado 

streams (including Left Hand Creek), the Percent Heptageniidae metric has become a 

preferred metric that is often used in the data analysis process to detect impacts from 

mining.  However, it is important to remember that this group of mayflies supports a 

variety of biological and morphological traits that make them susceptible to numerous 

other disturbances.  The Percent Heptageniidae metric is expected to decrease in response 

to a variety of perturbations including heavy metals.  

 

Density:  A measure of macroinvertebrate abundance (Density) was determined for each 

site from the number of grids used during the subsampling process.  The Density value 

should be considered an estimation of the approximate number of individuals/m
2
 because 

the sampling method used in this study was semi-quantitative.  Macroinvertebrate density 

can be sensitive to changes in habitat resulting from excessive algal growth, 

sedimentation, channelization, etc.  Density was reported as the number of 

macroinvertebrates per m
2
 found at each study site. 

 

Percent Scrapers and Shredders:  Scrapers and shredders are often considered sensitive 

to disturbances because they are specialized feeders (Barbour et al. 1999).  Consequently, 

these sensitive groups are expected to be well-represented in healthy streams.  Much of 

the value in this type of analysis comes from a comparison of sites within a specific study 

area.  These feeding groups have also been found to be moderately sensitive to heavy 

metals from mining operations (Clements et al. 2000). 

 

Functional Feeding Groups:  Most of the previously described metrics use 

macroinvertebrate information that is related to community structure; however, 

macroinvertebrate taxa were also separated into functional guilds based on food 

acquisition to provide a measurement of community function.  Aquatic 

macroinvertebrates were categorized according to feeding strategy to determine the 

relative proportion of various groups.  Some representation of each group usually 

indicates good aquatic conditions; however, it is normal for certain groups (collector-

gatherers) to be more abundant than others (Ward et al. 2002).  Changes in the proportion 

of functional feeding groups can provide insight into the locations with various impacts 

from stress in river systems (Ward et al. 2002). 
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Results and Discussion 

 

During November of 2016, a total of 12 study sites were sampled on Left Hand Creek 

and James Creek to evaluate stream conditions based on aquatic life.  Each study site was 

sampled using the WQCD “kick sample” methodology and benthic macroinvertebrates 

were subsampled, identified, and enumerated using the previously described 500-count 

subsampling approach (Appendix A: Tables A1 – A3).  Tools used during the data 

analysis process consisted of the MMI (recommended by the WQCD), and an assortment 

of additional individual metrics that were used to assist in the evaluation of aquatic life 

throughout the study area (Tables 3 and 4).   

 

MMI Analysis 

 

Study sites on Left Hand Creek were distributed between two major Biotypes (Biotypes 2 

and 1) in the State of Colorado.  Biotype 2 includes higher gradient mountainous areas of 

the state, while Biotype 1 contains transitional areas between the mountains and plains.  

The categorization of sampling locations into various biotypes was dependent on a 

variety of criteria, including slope and ecoregion.  Study sites 10, 9, and 6 on Left Hand 

Creek and both sites on James Creek (sites 12 and 11) were located in Biotype 2.  All 

other study sites were characterized as Biotype 1.  Although site 8 was higher in elevation 

than site 6, it was classified as being in Biotype 1 due to the lower gradient at that site.  

For each biotype, the MMI was calculated using the appropriate set of metrics (Table 3).   

 

The MMI scores for study sites in Biotype 2 were relatively similar and ranged from 78.0 

at site 10 to 65.5 at site 12 (Table 3).  All of these scores suggested that aquatic 

conditions were fairly healthy and in ‘attainment’ for aquatic life use.  It should be noted 

that the MMI score for site 9 could not be calculated due to low densities (less than 150 

individuals per m
2
) of benthic macroinvertebrates at this site.  Although the benthic 

macroinvertebrate sample from site 9 produced a diverse group of taxa with a wide range 

of sensitivities to disturbances, densities were very low.  Most of the individual 

components of the MMI detected little evidence of stressed conditions at site 9, but the 

low density suggested that this site probably receives reoccurring acute impacts from 

metals that diminish the macroinvertebrate population.   

 

The remaining study sites in Biotype 1 generated MMI scores that ranged from 95.4 at 

site 7 to 50.7 at site 2 (Table 3).  Most of the individual components of the MMI were 

consistent in detecting an increase in stressed conditions in the downstream portion of the 

study area.  Some of the best individual metric scores in Biotype 1 were produced by the 

Percent Chironomidae metric, while the Percent Sensitive Plains Families and Percent 

Non-Insect Taxa metrics detected substantial impacts at lower elevations (Table 3).  Due 

to the lack of information regarding mechanisms that affect these individual metrics, it 

was difficult to determine the specific perturbations that may be influencing individual 

metric scores; however, it is likely that modified land-use (increased agriculture and 

urban runoff) may have contributed to the decline in MMI scores at lower elevations.  
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Table 3.  MMI scores from samples collected on Left Hand Creek and James Creek during November 2016.  Scores 

indicating impairment are provided in red. 

Metric Site 10 Site 9 Site 8 Site 6 Site 5 Site 7 Site 4 Site 3 Site 2 Site 1 Site 12 Site 11 

Total Taxa 83.3 77.8 -- 63.9 -- -- -- -- -- -- 63.9 52.8 

Predator-Shredder Taxa 85.7 100.0 78.6 85.7 92.9 85.7 100.0 42.9 28.6 42.9 57.1 78.6 

Clinger Taxa 64.7 58.8 54.3 52.9 92.8 100.0 79.9 48.5 58.7 69.5 35.3 52.9 

Percent Ephemeroptera 62.3 14.3 -- 89.4 -- -- -- -- -- -- 95.6 94.0 

Beck's Biotic Index 93.9 100.0 -- 84.8 -- -- -- -- -- -- 75.8 72.7 

EP Taxa -- -- 100.0 -- 100.0 100.0 100.0 84.3 64.7 56.4 -- -- 

Percent Chironomidae -- -- 100.0 -- 100.0 99.7 83.5 95.4 82.9 88.7 -- -- 

Sens. Plains Families -- -- 33.5 -- 40.7 100.0 49.4 21.0 37.2 15.4 -- -- 

Non-Insect Percent -- -- 100.0 -- 67.6 86.8 22.1 51.5 32.2 38.1 -- -- 

MMI Score 78.0 N/A 77.7 75.4 82.3 95.4 72.5 57.3 50.7 51.8 65.5 70.2 

Auxiliary Metrics 

Diversity 3.68 3.99 2.94 2.58 2.63 2.82 3.53 2.83 3.32 2.82 2.70 2.49 

HBI 2.86 1.79 2.18 3.07 3.02 1.40 4.92 5.86 5.70 5.69 2.99 3.03 

 

 

Table 4.  Individual metrics and comparative values for macroinvertebrate samples collected from Left Hand Creek and 

James Creek on 10 November 2016. 

Metric Site 10 Site 9 Site 8 Site 6 Site 5 Site 7 Site 4 Site 3 Site 2 Site 1 Site 12 Site 11 

EPT 18 18 18 24 19 25 13 9 8 10 19 20 

Percent EPT 82.10 67.01 97.68 94.35 87.88 92.64 65.82 78.78 63.15 75.22 95.85 97.20 

Total Taxa 35 30 24 33 27 39 35 28 28 34 27 26 

% Heptageniidae 5.06 1.03 20.50 6.74 1.01 1.75 0.00 0.00 0.00 0.00 4.32 10.47 

% Shredders & 

Scrapers 
34.63 30.93 55.51 28.42 7.91 18.56 8.55 6.11 6.85 5.55 29.57 28.97 

Density (#/m²) 1,285 97 969 2,745 2,970 2,141 1,375 1,866 900 2,885 2,258 2,675 
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The MMI scores from the fall of 2016 were compared with threshold values to determine 

‘attainment’ or ‘impairment’ within the study area (Figures 2 and 3).  Sites that produced 

MMI scores greater than 50.0 in Biotype 2 and 52.0 in Biotype 1 (the green lines in 

Figures 2 and 3, respectively) were considered in attainment for aquatic life use.  Scores 

below 42.0 in either biotype (the red lines in both Figures 2 and 3) were considered 

impaired for aquatic life use.  During the fall of 2016, all study sites in Biotype 2 

produced MMI scores above the attainment threshold (Table 3, Figure 2).  In Biotype 1, 

most study sites produced MMI scores indicating ‘attainment’; however, the scores for 

sites 2 and 1 were between the attainment and impairment thresholds (an area referred to 

as the “grey zone”), and these sites required additional analysis to determine an aquatic 

life use designation. 

 

Auxiliary metrics were used to determine the status of aquatic life use for the two 

sampling locations (sites 2 and 1) with MMI scores in the “grey zone”.  Results from the 

application of the HBI metric indicated that all study sites in Biotype 2 were in 

‘attainment’, and only study sites 3, 2, and 1 exceeded this metric’s limit in Biotype 1 

(Figures 4 and 5).  Since site 3 did not produce an MMI score in the “grey zone”, the 

results from the auxiliary metrics had no influence on the final aquatic life use 

designation at this location; however, as a consequence of high HBI values, sites 2 and 1 

were considered ‘impaired’ for aquatic life use.  It was also likely (based on individual 

components of the MMI and the increase in HBI values) that nutrient-enrichment may 

have been contributing to the increase in stress observed at the low elevation study sites 

on Left Hand Creek. 

 

Diversity values were also calculated for all sites in the study area during the fall of 2016 

(Figures 6 and 7).  While some sites in Biotype 2 generated Diversity values that fell 

below the threshold set by the WQCD (Figure 6), all study sites in Biotype 1 produced 

Diversity values that were well-above the threshold.  None of the sampling locations in 

Biotype 2 that produced Diversity values below the threshold (site 6 on Left hand Creek 

and both sites on James Creek) generated MMI scores that were in the “grey zone”.  

Consequently, the results from the Diversity metric had no influence on the aquatic life 

use designation at these study sites.   

 

Aquatic life use designations for sites within the Left Hand Creek study area were 

determined based on MMI scores and results from auxiliary metrics (Table 5).  During 

the fall of 2016, all sites produced MMI scores above the attainment threshold, except 

sites 2 and 1.  Both sites 2 and 1 produced MMI scores that were in the ‘grey zone’ and 

both of these study sites generated HBI values that resulted in ‘impairment’ designations 

(Table 5).  It is important to note that site 9 did not provide an adequate abundance of 

macroinvertebrates to generate a valid MMI score, although the auxiliary metrics at this 

site did not detect evidence of disturbance.  It is likely that recolonization of various taxa 

periodically takes place at site 9 between episodes of acute toxicity.  
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Figure 2.  MMI scores from benthic macroinvertebrate samples at study sites in 

Biotype 2 on Left Hand Creek and James Creek during November 2016. 

 

 

 

 
Figure 3.  MMI scores from benthic macroinvertebrate samples at study sites in 

Biotype 1 on Left Hand Creek during November 2016. 
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Figure 4.  HBI values from benthic macroinvertebrate samples at study sites in 

Biotype 2 on Left Hand Creek and James Creek during November 2016. 

 

 

 
Figure 5.  HBI values from benthic macroinvertebrate samples at study sites in 

Biotype 1 on Left Hand Creek during November 2016. 
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Figure 6.  Shannon Diversity values from macroinvertebrate samples at study sites 

in Biotype 2 on Left Hand Creek and James Creek during November 2016.   

 

 

 
Figure 7.  Shannon Diversity values from benthic macroinvertebrate samples at 

study sites in Biotype 1 on Left Hand Creek during November 2016. 

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Site 10 Site 9 Site 6 Site 12 Site 11

D
iv

e
rs

it
y
  

S
c

o
re

Diversity Values 

10-Nov-16

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

Site 8 Site 5 Site 7 Site 4 Site 3 Site 2 Site 1

D
iv

e
rs

it
y
  

S
c

o
re

Diversity Values 

10-Nov-16



________________________________________________________________________ 
Biomonitoring Summary Report  Page 17 

Timberline Aquatics, Inc.  28 December, 2016 

 

Table 5.  Aquatic life use designations based on MMI scores from WQCD “kick 

samples” at study sites on Left Hand Creek and James Creek in November 2016. 

Aquatic Life Use Designations in 2016 

Site  

Left Hand Creek - Site 10 Attainment 

Left Hand Creek - Site 9 N/A 

Left Hand Creek - Site 8 Attainment 

Left Hand Creek - Site 6 Attainment 

Left Hand Creek - Site 5 Attainment 

Left Hand Creek - Site 7 Attainment 

Left Hand Creek - Site 4 Attainment 

Left Hand Creek - Site 3 Attainment 

Left Hand Creek - Site 2 Impairment 

Left Hand Creek - Site 1 Impairment 

James Creek - Site 12 Attainment 

James Creek - Site 11 Attainment 

 

 

 

Additional Metrics 

 

In addition to the MMI analysis, six individual metrics were applied to the 

macroinvertebrate data from Left Hand Creek and James Creek in order to more fully 

understand the results from the fall of 2016.  Although the structure and function of 

benthic macroinvertebrate communities varied among study sites, the detection of stress 

was somewhat dependent on the individual metrics used in this study (Table 4).  Most of 

the individual metrics detected some increase in stress to the benthic macroinvertebrate 

communities in the downstream portion of Left Hand Creek; however, a few metrics 

detected evidence of impacts (likely due to metals) in the vicinity of site 9.  In general, 

metrics that relied on the proportion of metal-sensitive taxa (Percent EPT and Percent 

Heptageniidae) detected increased stress at site 9, followed by rapid recovery at the 

nearest downstream study sites.  The Density metric was among the most sensitive to 

impacts at site 9, and values for this metric did not fully recover (in a downstream 

direction) until site 6 (Table 4).  The only metric that did not provide clear evidence of 

anthropogenic disturbances within the study area was the Total Taxa metric.  The 

following comparison of individual metric values among study sites provides a more 

detailed description of changes in aquatic conditions occurring throughout the study area.   
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Sites 10, 9, and 8 represented the three farthest upstream sampling sites on Left Hand 

Creek, and these sites were located upstream from the majority of disturbances associated 

with urbanization or agricultural land use.  Site 10 was used to provide reference 

information to compare with nearby downstream study sites that may be impacted by 

metals from mining operations.  Results from site 10 indicated that aquatic conditions 

appeared to be relatively healthy and this location was able to support a variety of 

sensitive and specialized taxa based on the high EPT, Percent EPT, Percent 

Heptageniidae, and Percent Shredder and Scraper values (Table 4).  Although site 9 

supported the same number of EPT Taxa compared to site 10, results from the Percent 

EPT, Total Taxa, and Percent Shredder and Scraper metrics all detected a slight decline 

in aquatic conditions (Table 4, Figures 8 and 9).  Additionally, the Density value 

decreased by more than 90% from site 10 to site 9, providing additional evidence of 

impacts to benthic macroinvertebrates during the fall of 2016.  Representatives from the 

mayfly family Heptageniidae (which are expected to be very sensitive to metals) were 

also reduced at site 9 (where only one specimen from this family was found).  These low 

metric values were likely a result of increased metals due to mining operations 

downstream from site 10; however, the variety of sensitive taxa combined with the low 

Density value suggested that this site could provide periods of partial recovery between 

episodes of acute impacts.  Aquatic conditions appeared to generally recover at site 8 

where the highest Percent EPT, Percent Heptageniidae, and Percent Shredder and Scraper 

values (97.68, 20.50, and 55.51, respectively) within the study area were found.  Results 

from the Density metric also increased at site 8 to a level that was similar to the value 

found at site 10 (Table 4).  

 

Results from sites 6, 5, and 7 generally suggested that Left hand Creek continued to 

maintain relatively healthy benthic macroinvertebrate communities; however, some 

metrics demonstrated a slight decline in sensitive and specialized taxa at site 5 (Table 4).  

All of the individual metrics were consistent in providing evidence of healthy aquatic 

conditions at sites 6 and 7, and several of the most optimum metric values in the study 

area were found at these locations.  A slight decrease in the richness and proportion of 

sensitive taxa (measured by the EPT, Percent EPT, Percent Heptageniidae, and Percent 

Shredder and Scraper metrics) was observed at site 5, suggesting that there were minor 

changes in community structure at this location (Table 4, Figures 8 and 9).  Despite the 

evidence of small changes in the macroinvertebrate community at site 5, most metrics 

suggested that this site still maintained healthy aquatic conditions.  The only metric that 

showed continued evidence of stress downstream from site 6 was the Percent 

Heptageniidae metric (Table 4), and it is not unusual for this group of mayflies to be 

reduced by minor disturbances, including changes in habitat.   

 

The four farthest downstream study sites on Left Hand Creek were located in a 

transitional area between the mountains and plains.  As the stream gradient in this area 

decreases, the watershed supports an increase in agricultural and urban development with 

potential for associated stressors entering Left Hand Creek.  During the fall of 2016, 

sensitive taxa decreased by nearly 50% from site 7 to site 4 based on EPT values, and 

results from the Percent EPT and Percent Shredder and Scraper metrics also exhibited a 
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decline in the richness and proportions of sensitive and specialized taxa (Table 4).  

Downstream from site 4, the richness of EPT taxa remained relatively low, while Percent 

EPT values exhibited some fluctuations between sites (Figures 8 and 9).  The only metric 

values that did not demonstrate considerable declines at these four study sites were 

produced by the Total Taxa metric.  These results suggested that tolerant taxa were 

replacing sensitive taxa at the downstream locations.   

 

Macroinvertebrates were also collected from two sites on James Creek during the fall of 

2016.  Results from both of these study sites indicated that aquatic conditions were 

healthy and could support a variety of sensitive and specialized taxa (Table 4).  Both sites 

12 and 11 produced some of the highest EPT, Percent EPT, and Percent Shredder and 

Scraper values within the study area, and these results were comparable to the upstream 

sites (excluding site 9) on Left Hand Creek.  Evidence from the 2013 flood was still 

apparent at both sampling locations on James Creek (and several locations on Left Hand 

Creek); therefore, future biomonitoring investigations may be beneficial when attempting 

to validate the current observations.   

 

 

 

 
 

Figure 8.  EPT Taxa values from sampling sites on Left Hand Creek and James 

Creek in November 2016. 
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Figure 9.  Percent EPT values for sampling sites on Left Hand Creek and James 

Creek in November 2016. 

 

 

Results from the evaluation of functional feeding groups offered an alternative 

perspective of changes in macroinvertebrate communities (based on community function 

rather than structure) occurring within the study area (Table 6, Figure 10).  During the 

fall of 2016, the most upstream study sites were characterized by having higher 

proportions of sensitive and specialized feeding groups (shredders and scrapers) and 

lower proportions of collector-gatherers (a group considered to be relatively tolerant to 

disturbances).  The study sites that supported a more optimal distribution of feeding 

groups included sites 10, 9, 8, and 6 on Left Hand Creek and both sites on James Creek 

(Table 6).  Downstream from site 6 on Left hand Creek, there was a noticeable shift in 

feeding groups that resulted in a decrease in sensitive groups while the relative 

abundance of collector-gatherers increased (Figure 10).  There appeared to be some 

minor impacts to macroinvertebrate community function at site 5 that quickly recovered 

downstream at site 7 before continuing to decline as Left Hand Creek entered a more 

developed area.  The three farthest downstream sites on Left Hand Creek supported the 

lowest proportions of shredders and scrapers and some of the higher proportions of 

collector-gatherers (Table 6, Figure 10).  This shift in feeding groups may have been 

caused by an increase in anthropogenic stress associated with the surrounding developed 

areas.  In general, these results supported most of the conclusions obtained from the MMI 

and other individual metrics that detected higher levels of stress at the most downstream 

study sites.  
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Table 6.  Relative abundance of functional feeding groups during fall 2016 sampling 

on Left Hand Creek and James Creek. 
Site Functional Feeding Group 

 
Collector-

Gatherer 

Collector-

Filterer 

Shredder Scraper Predator Omnivore

Site 10 47.08% 0.58% 19.84% 14.79% 13.42% 4.28% 

Site 9 23.71% 6.19% 27.84% 3.09% 31.96% 7.22% 

Site 8 36.56% 1.35% 34.04% 21.47% 6.58% 0.00% 

Site 6 56.28% 9.65% 19.49% 8.93% 5.65% 0.00% 

Site 5 72.90% 9.76% 5.89% 2.02% 9.43% 0.00% 

Site 7 67.60% 7.18% 13.13% 5.43% 6.65% 0.00% 

Site 4 76.73% 6.55% 5.09% 3.45% 8.18% 0.00% 

Site 3 74.12% 10.29% 3.22% 2.89% 9.49% 0.00% 

Site 2 53.15% 14.63% 0.56% 6.30% 25.37% 0.00% 

Site 1 72.79% 18.02% 3.47% 2.08% 3.64% 0.00% 

Site 12 61.46% 4.65% 20.60% 8.97% 4.32% 0.00% 

Site 11 58.32% 8.22% 17.76% 11.21% 4.49% 0.00% 

 

 

 
Figure 10.  Functional feeding group composition for study sites on Left Hand 

Creek and James Creek on 10 November 2016. 
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Results from the assessment of benthic macroinvertebrate communities on Left Hand 

Creek and James Creek are representative of the aquatic conditions as they existed in the 

weeks prior to sampling during November 2016.  These results suggested that aquatic life 

may be influenced by a variety of local conditions including the natural stream flows, 

recovery following a recent flood event, as well as stressors associated with mining, 

agriculture, and urban development.  It is also likely that some variability in metric values 

could result due to fluctuations in the natural ambient conditions that are expected to 

occur from year to year.  Consistent future surveys should provide valuable information 

pertaining to changes in potential disturbances within this study area.  Additional 

biomonitoring events may also be valuable when attempting to distinguish between 

natural variability and impacts from human activities.   
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Benthic Macroinvertebrate Data – Fall 2016 
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Table A1.  Macroinvertebrate data collected from upstream sites on Left Hand 

Creek on 10 November 2016. 

Left Hand Creek 
10 November 2016 

Site 10 Site 9 Site 8 Site 6 Site 5
Ephemeroptera 
Ameletus sp. 3  2 
Baetis tricaudatus/bicaudatus 166 5 173 289  289 
Diphetor hageni 9 3  
Fallceon quilleri 
Drunella doddsii 34 1 3 11  
Drunella grandis 1 
Ephemerella dorothea infrequens 12 3 3 1  68 
Epeorus sp. 1 57 15  2 
Epeorus longimanus 
Rhithrogena sp. 26 49 22  4 
Tricorythodes explicatus 1  
Paraleptophlebia sp. 4 4  74 

Plecoptera 
Capnia sp. 29 2 61 7  1 
Eucapnopsis brevicauda 1  
Sweltsa sp. 19 1 21 3  1 
Paraleuctra sp. 1 
Prostoia besametsa 3 69 84  19 
Zapada cinctipes 16 1 46 8  3 
Zapada oregonensis group 49 
Claassenia sabulosa 1 
Hesperoperla pacifica 1 
Isoperla sp. 12 1 3 1  4 
Isoperla fulva 1  
Megarcys signata 5 1 2 
Skwala americana 2 1  
Pteronarcella badia 1 
Taenionema sp. 14 2 1  

Trichoptera 
Brachycentrus americanus 1 
Micrasema bactro 2 1 
Glossosoma sp. 1 
Arctopsyche grandis 6 1  4 
Cheumatopsyche sp. 
Hydropsyche cockerelli 2 
Hydropsyche morosa group 
Hydropsyche occidentalis 
Hydropsyche oslari 2 35  34 
Hydroptila sp. 
Lepidostoma sp. 16 7  11 
Oecetis sp. 
Hesperophylax sp. 1 
Rhyacophila sp. 10 11 
Rhyacophila brunnea 19 8 1 13  
Rhyacophila coloradensis 5  
Rhyacophila sibirica group 2 2 1 1  
Neothremma alicia 2 
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Table A1. cont.  Macroinvertebrate data collected from upstream sites on Left Hand 

Creek on 10 November 2016. 

 Site 10 Site 9 Site 8 Site 6 Site 5
Diptera 
Chironomidae 
Brillia sp. 4 3 
Chaetocladius sp. 1 
Cricotopus/Orthocladius sp. 4 
Cryptochironomus sp. 
Diamesa sp. 2 1 
Dicrotendipes sp. 
Eukiefferiella sp. 25 1 1 1  
Heterotrissocladius sp. 
Limnophyes sp. 3 1  
Micropsectra/Tanytarsus sp. 5 2 
Pagastia sp. 3 5 2  
Parametriocnemus sp. 
Polypedilum sp. 
Psectrocladius sordidellus 
Pseudodiamesa sp. 2 2 
Radotanypus sp. 1 
Rheocricotopus sp. 
Rheotanytarsus sp. 
Stempellinella sp. 
Stictochironomus sp. 
Thienemanniella sp. 
Thienemannimyia genus group 1 
Tvetenia sp. 4 1 

Other Diptera 
Atherix pachypus 45 
Ceratopogoninae 1  
Clinocera sp. 3  
Hemerodromia sp. 1 
Neoplasta sp. 1 
Wiedemannia sp. 1  
Pericoma sp. 2 1 
Prosimulium sp. 2 
Simulium sp. 1 5 17  17 
Caloparyphus sp. 
Dicranota sp. 1 6 2 1  
Hexatoma sp. 1 
Tipula sp. 1 

Coleoptera 
Agabus sp. 
Heterlimnius corpulentus 10 3 1 4  
Optioservus sp. 5 
Zaitzevia parvula 

Miscellaneous 
Atractides sp. 1 
Lebertia sp. 
Protzia sp. 1 
Sperchon sp. 1 
Crangonyx sp. 
Hyalella azteca 
Physa sp. 
Dugesia sp. 
Polycelis coronata 22 7 
Caecidotea sp. 
Argia sp. 
Microvelia sp. 
Lumbricidae 
Naididae 
Tubificidae (w/o hair chaetae) 

Totals 514 97 517 549  594 
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Table A2.  Macroinvertebrate data collected from downstream sites on Left Hand 

Creek on 10 November 2016. 

Left Hand Creek 
10 November 2016 

Site 7 Site 4 Site 3 Site 2 Site 1
Ephemeroptera 
Ameletus sp. 
Baetis tricaudatus/bicaudatus 43 15 35 30  180 
Diphetor hageni 3 
Fallceon quilleri 1 15 130 28  24 
Drunella doddsii 
Drunella grandis 4 
Ephemerella dorothea infrequens 19 2 
Epeorus sp. 9 
Epeorus longimanus 
Rhithrogena sp. 1 
Tricorythodes explicatus 26 193 265 198  194 
Paraleptophlebia sp. 287 116 10 15  

Plecoptera 
Capnia sp. 21 1 1 
Eucapnopsis brevicauda 
Sweltsa sp. 1 1 1 
Paraleuctra sp. 
Prostoia besametsa 28 7 4 1 
Zapada cinctipes 2 
Zapada oregonensis group 
Claassenia sabulosa 1 
Hesperoperla pacifica 
Isoperla sp. 14 
Isoperla fulva 3 
Megarcys signata 
Skwala americana 2 
Pteronarcella badia 
Taenionema sp. 

Trichoptera 
Brachycentrus americanus 
Micrasema bactro 
Glossosoma sp. 1 
Arctopsyche grandis 1 
Cheumatopsyche sp. 2 2 36 50  23 
Hydropsyche cockerelli 1 
Hydropsyche morosa group 1 2 
Hydropsyche occidentalis 13 1 8 14  4 
Hydropsyche oslari 21 1 
Hydroptila sp. 2  2 
Lepidostoma sp. 23 
Oecetis sp. 2 7 4  3 
Hesperophylax sp. 1 
Rhyacophila sp. 
Rhyacophila brunnea 
Rhyacophila coloradensis 
Rhyacophila sibirica group
Neothremma alicia 
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Table A2. cont.  Macroinvertebrate data collected from downstream sites on Left 

Hand Creek on 10 November 2016. 

 Site 7 Site 4 Site 3 Site 2 Site 1
Diptera 
Chironomidae 
Brillia sp. 1 10 
Chaetocladius sp. 
Cricotopus/Orthocladius sp. 1 24 3 1  1 
Cryptochironomus sp. 1 1 
Diamesa sp. 
Dicrotendipes sp. 1 
Eukiefferiella sp. 1 4 4  2 
Heterotrissocladius sp. 
Limnophyes sp. 
Micropsectra/Tanytarsus sp. 9 
Pagastia sp. 2 7 
Parametriocnemus sp. 2 2  
Polypedilum sp. 1 
Psectrocladius sordidellus 3 2  
Pseudodiamesa sp. 3 
Radotanypus sp. 
Rheocricotopus sp. 1 
Rheotanytarsus sp. 14 2 23 
Stempellinella sp. 1 
Stictochironomus sp. 1 
Thienemanniella sp. 2 2  4 
Thienemannimyia genus group 6 6 7 55  5 
Tvetenia sp. 1 6 2 1  3 

Other Diptera 
Atherix pachypus 5 
Ceratopogoninae 
Clinocera sp. 
Hemerodromia sp. 3 12  3 
Neoplasta sp. 1 1  
Wiedemannia sp. 
Pericoma sp. 
Prosimulium sp. 
Simulium sp. 3 17 18 15  51 
Caloparyphus sp. 1 
Dicranota sp. 5 1 1  
Hexatoma sp. 
Tipula sp. 10 15 3  17 

Coleoptera 
Agabus sp. 1 
Heterlimnius corpulentus 
Optioservus sp. 16 17 16 30  4 
Zaitzevia parvula 3 

Miscellaneous 
Atractides sp. 2 1 1 
Lebertia sp. 1 
Protzia sp. 
Sperchon sp. 3 6 5 27  7 
Crangonyx sp. 1 1  2 
Hyalella azteca 1 
Physa sp. 2 2 2  6 
Dugesia sp. 5 44 36  1 
Polycelis coronata 
Caecidotea sp. 1 
Argia sp. 7 
Microvelia sp. 1  
Lumbricidae 1 2  1 
Naididae 20 1  
Tubificidae (w/o hair chaetae) 12 5 

Totals 571 550 622 540  577 
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Table A3.  Macroinvertebrate data collected from sites on James Creek on 10 

November 2016. 

James Creek 
10 November 2016 

Site 12 Site 11
Ephemeroptera 
Ameletus sp. 4 
Baetis tricaudatus/bicaudatus 305 265  
Diphetor hageni 1 
Fallceon quilleri 
Drunella doddsii 25 3  
Drunella grandis 
Ephemerella dorothea infrequens 38 30  
Epeorus sp. 10 
Epeorus longimanus 29  
Rhithrogena sp. 16 27  
Tricorythodes explicatus 1 
Paraleptophlebia sp. 9 7  

Plecoptera 
Capnia sp. 5 1  
Eucapnopsis brevicauda 1  
Sweltsa sp. 9 5  
Paraleuctra sp. 
Prostoia besametsa 110 84  
Zapada cinctipes 3  
Zapada oregonensis group 1 
Claassenia sabulosa 
Hesperoperla pacifica 
Isoperla sp. 
Isoperla fulva 1 7  
Megarcys signata 1  
Skwala americana 2  
Pteronarcella badia 
Taenionema sp. 3 

Trichoptera 
Brachycentrus americanus 
Micrasema bactro 
Glossosoma sp. 1  
Arctopsyche grandis 4 1  
Cheumatopsyche sp. 
Hydropsyche cockerelli 
Hydropsyche morosa group 
Hydropsyche occidentalis 
Hydropsyche oslari 24 42  
Hydroptila sp. 
Lepidostoma sp. 8 6  
Oecetis sp. 
Hesperophylax sp. 
Rhyacophila sp. 
Rhyacophila brunnea 3  
Rhyacophila coloradensis 3 2  
Rhyacophila sibirica group
Neothremma alicia 
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Table A3. cont.  Macroinvertebrate data collected from sites on James Creek on 10 

November 2016. 

 Site 12 Site 11
Diptera 
Chironomidae 
Brillia sp. 
Chaetocladius sp. 
Cricotopus/Orthocladius sp. 1  
Cryptochironomus sp. 
Diamesa sp. 7  
Dicrotendipes sp. 
Eukiefferiella sp. 3 2  
Heterotrissocladius sp. 2 
Limnophyes sp. 1 
Micropsectra/Tanytarsus sp. 
Pagastia sp. 
Parametriocnemus sp. 
Polypedilum sp. 
Psectrocladius sordidellus 
Pseudodiamesa sp. 
Radotanypus sp. 
Rheocricotopus sp. 
Rheotanytarsus sp. 
Stempellinella sp. 
Stictochironomus sp. 
Thienemanniella sp. 
Thienemannimyia genus group 
Tvetenia sp. 

Other Diptera 
Atherix pachypus 
Ceratopogoninae 
Clinocera sp. 
Hemerodromia sp. 
Neoplasta sp. 
Wiedemannia sp. 1 
Pericoma sp. 
Prosimulium sp. 
Simulium sp. 1  
Caloparyphus sp. 
Dicranota sp. 
Hexatoma sp. 1 2  
Tipula sp. 

Coleoptera 
Agabus sp. 
Heterlimnius corpulentus 6 
Optioservus sp. 
Zaitzevia parvula 

Miscellaneous 
Atractides sp. 
Lebertia sp. 1 
Protzia sp. 
Sperchon sp. 10 2  
Crangonyx sp. 
Hyalella azteca 
Physa sp. 
Dugesia sp. 
Polycelis coronata 
Caecidotea sp. 
Argia sp. 
Microvelia sp. 
Lumbricidae 
Naididae 
Tubificidae (w/o hair chaetae) 

Totals 602 535  
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